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Express Mail Label No. 
EL 941069152 US 

Biased Pulse DC Reactive Sputtering of Oxide Films 

1. Field of the Invention 

Hongmei Zhang 
Mukundan Narasimhan 

Ravi Mullapudi 
Richard E. Demaray 

Background 

[00011 The present invention relates to deposition of oxide and oxynitride films and, in 

particular, to deposition of oxide and oxynitride films by pulsed DC reactive sputtering. 

2. Discussion of Related Art 

[0002] Deposition of insulating materials and especially optical materials is 

technologically important in several areas including production of optical devices and production 

of semiconductor devices. In semiconductor devices, doped alumina silicates can be utilized as 

high dielectric insulators. 

[0003] The increasing prevalence of fiber optic communications systems has created an 

unprecedented demand for devices for processing optical signals. Planar devices such as optical 

waveguides, couplers, splitters, and amplifiers, fabricated on planar substrates, like those 

commonly used for integrated circuits, and configured to receive and process signals from 

optical fibers are highly desirable. Such devices hold promise for integrated optical and 

electronic signal processing on a single semiconductor-like substance. 

[0004) The basic design of planar optical waveguides and amplifiers is well known, as 

described, for example, in U.S. Patent Nos. 5,119,460 and 5,563,979 to Bruce et al., 5,613,995 

to Bhandarkar et al., 5,900,057 to Buchal et al., and 5,107,538 to Benton et al., to cite only a few. 

These devices, very generally, include a core region, typically bar shaped, of a certain refractive 

index surrounded by a cladding region of a lower refractive index. In the case of an optical 

amplifier, the core region includes a certain concentration of a dopant, typically a rare earth ion 
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such as an erbium or praseodymium ion which, when pumped by a laser, fluoresces, for 

example, in the 1550 nm and 1300 nm wavelength ranges used for optical communication, to 

amplify the optical signal passing through the core. 

[0005] As described, for example in the patents by Bruce et al., Bhandarkar et al, and Buchal et 

al., planar optical devices may be fabricated by process sequences including forming a layer of 

cladding material on a substrate; forming a layer of core material on the layer of cladding mater; 

patterning the core layer using a photolighotgraphic mask and an etching process to form a core 

ridge; and covering the core ridge with an upper cladding layer. 

[0006] The performance of these planar optical devices depends sensitively on the value and 

uniformity of the refractive index of the core region and of the cladding region, and particularly 

on the difference in refractive index, An, between the regions. Particularly for passive devices 

such as waveguides, couplers, and splitters, ~n should be carefully controlled, for example to 

values within about 1 %, and the refractive index of both core and cladding need to be highly 

uniform, for some applications at the fewer than parts per thousand level. In the case of doped 

materials forming the core region of planar optical amplifiers, it is important that the dopant be 

uniformly distributed so as to avoid non-radiative quenching or radiative quenching, for example 

by upconversion. The refractive index and other desirable properties of the core and cladding 

regions, such as physical and chemical uniformity, low stress, and high density, depend, of 

course, on the choice of materials for the devices and on the processes by which they are 

fabricated. 

[0007] Because of their optical properties, silica and refractory oxides such as Ah03, are good 

candidate materials for planar optical devices. Further, these oxides serve as suitable hosts for 

rare earth dopants used in optical amplifiers. A common material choice is so-called low 

temperature glasses, doped with alkali metals, boron, or phosphorous, which have the advantage 

of requiring lower processing temperatures. In addition, dopants are used to modify the 

refractive index. Methods such as flame hydrolysis, ion exchange for introducing alkali ions in 

glasses, sputtering, and various chemical vapor deposition processes (CVD) have been used to 

form films of doped glasses. However, dopants such as phosphorous and boron are hygroscopic, 

and alkalis are undesirable for integration with electronic devices. Control of uniformity of 

doping in CVD processes can be difficult and CVD deposited films can have structural defects 
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leading to scattering losses when used to guide light. In addition, doped low temperature glasses 

may require further processing after deposition. A method for eliminating bubbles in thin films 

of sodium-boro-silicate glass by high temperature sintering is described, for example, in the '995 

patent to Bhandarkar et al. 

[0008] Typically, RF sputtering has been utilized for deposition of oxide dielectric films. 

However, RF sputtering utilizes ceramic targets which are typically formed of multiple smaller 

tiles. Since the tiles can not be made very large, there may be a large problem of arcing between 

tiles and therefore contamination of the deposited film due to this arcing. Further, the reactors 

required for RF sputtering tend to be rather complicated. In particular, the engineering of low 

capacitance efficient RF power distribution to the cathode is difficult in RF systems. Routing of 

low capacitance forward and return power into a vacuum vessel of the reaction chamber often 

exposes the power path in such a way that diffuse plasma discharge is allowed under some 

conditions of impedance tuning of the matching networks. 

- (0009] Therefore, there is a need for new methods of depositing oxide and oxynitride films and 

for forming planar optical devices. 

Summary 

[0010] In accordance with the present invention, a sputtering reactor apparatus for depositing 

oxide and oxynitride films is presented. Further, methods for depositing oxide and oxynitride 

films for optical waveguide devices are also presented. A sputtering reactor according to the 

present invention includes a pulsed DC power supply coupled through a filter to a target and a 

substrate electrode coupled to an RF power supply. A substrate mounted on the substrate 

electrode is therefore supplied with a bias from the RF power supply. 

[00111 The target can be a metallic target made of a material to be deposited on the substrate. In 

some embodiments, the metallic target is formed from Al, Si and various rare-earth ions. A 

target with an erbium concentration, for example, can be utilized to deposit a film that can be 

formed into a waveguide optical amplifier. 

[0012) A substrate can be any material and, in some embodiments, is a silicon wafer. In some 
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embodiments, RF power can be supplied to the wafer. In some embodiments, the wafer and the 

electrode can be separated by an insulating glass. 

[0013] In some embodiments, up to about 10 kW of pulsed DC power at a frequency of between 

about 40 kHz and 350 kHz and a reverse pulse time of up to about 5 µsis supplied to the target. 

The wafer can be biased with up to about several hundred watts of RF power. The temperature 

of the substrate can be controlled to within about I 0° C and can vary from about -50° C to 

several hundred degrees C. Process gasses can be fed into the reaction chamber of the reactor 

apparatus. In some embodiments, the process gasses can include combinations of Ar, N2, 02, 

C2F 6, C02, CO and other process gasses. 

[0014] Several material properties of the deposited layer can be modified by adjusting the 

composition of the target, the composition and flow rate of the process gasses, the power 

supplied to the target and the substrate, and the temperature of the substrate. For example, the 

index of refraction of the deposited layer depends on deposition parameters. Further, in some 

embodiments stress can be relieved on the substrate by depositing a thin film of material on a 

back side of the wafer. Films deposited according to the present invention can be utilized to 

form optical waveguide devices such as multiplexers and rare-earth doped amplifiers. 

[0015] These and other embodiments, along with examples of material layers deposited 

according to the present invention, are further described below with respect to the following 

figures. 

Brief Description of the Figures 

[0016] Figures lA and lB show a pulsed DC sputtering reactor according to the present 

invention. 

[0017] Figure 2 shows a planar view of target utilized in a reactor as shown in Figures IA and 

lB. 

[0018] Figure 3 shows a cross-section view of an example target utilized in a reactor as shown in 

Figures IA and lB. 
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[0019] Figure 4 shows a flow chart of an embodiment of a process for depositing a film on a 

substrate according to the present invention. 

[0020] Figure 5 shows a hysterises curve of target voltage versus oxygen flow rates for an 

example target in an embodiment of a reactor according to the present invention. 

[0021] Figure 6 shows a photo-luminescence and lifetimes of a film deposited in a process 

according to the present invention as a function of after deposition anneal temperature. 

[0022] Figure 7 shows the relationship between the index of refraction of a film as a function of 

deposited oxide layers according to the present invention and due to oxide build-up on the target. 

[0023] Figure 8 shows a graph of the index of refraction of a film deposited according to the 

present invention as a function of the aluminum content in a composite Al/Si target. 

[0024] Figure 9 shows a graph of typical indices of refraction of material layers deposited 

according to the present invention. 

[0025] Figure 10 shows a table of indices of refraction for a silica layer deposited according to 

the present invention as a function of different process parameters. 

[0026] Figure 11 shows the refractive indices as a function of Oil Ar ratio utilized in an Alumina 

process according to the present invention. 

[0027] Figure 12 shows the refractive indices as a function of DC pulsed power frequency for an 

Alumina layer deposited according to the present invention. 

[0028] Figure 13 shows variation in the refractive index over time during repeated depositions 

from a single target. 

[0029] Figure 14 shows variation in refractive index over time for repeated depositions from a 

target of another material layer according to the present invention. 

[0030] Figure 15 shows the variation refractive index over time for repeated depositions from a 

target of another material layer according to the present invention. 

[0031] Figure 16A through 16D shows a TEM film deposited according to the present invention. 
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[0032] Figure 17 shows the transparency of a film deposited according to the present invention. 

[0033] Figure 18 shows an uppercladding layer deposited according to the present invention 

over a multiple-waveguide structure such that the deposited layer is substantially planarized. 

[0034] Figure 19 illustrates the deposition of a film over a waveguide structure. 

[0035] Figures 20 and 21 illustrate different etch and deposition rates for deposition of films as a 

function of the surface angle of the film. 

[0036] Figure 22 illustrates calculation of the planarization time for a particular deposition 

process. 

[0037] Figures 23 through 25 through illustrate adjustment of process parameters in order to 

achieve planarization of a film deposited over a waveguide structure according to the present 

invention. 

[0038] Figure 26 shows the gain characteristics of an erbium doped waveguide amplifier formed 

of films depositions according to the present invention. 

[0039] Figures 27 shows gain, insertion loss of a waveguide with an active core deposited 

according to the present invention. 

[0040] Figure 28 shows up-conversion constants, and lifetimes of the active core layer of Figure 

27 deposited according to the present invention. 

[0041] Figure 29 shows drift in the index ofrefraction with subsequent depositions for films 

deposited from a target according to the present invention. 

[0042] Figure 30 shows drift in the photoluminescence with subsequent depositions according to 

the present invention. 

[0043] Figure 31 shows drift in the excited state lifetime with subsequent depositions according 

to the present invention. 

[0044] Figure 32 shows stabilization of the index ofrefraction in subsequent depositions. 

[0045] Figure 33 shows the index ofrefraction of a film formed from a pure silicon target as a 
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function of the ratio of 0 2/N2 in the process gas. 

[0046] In the figures, elements having the same designation have the same or similar function. 

Detailed Description 

[0047] Reactive DC magnetron sputtering of nitrides and carbides is a widely practiced 

technique, but the reactive de magnetron sputtering of nonconducting oxides is done rarely. 

Films such as aluminum oxide are almost impossible to deposit by conventional reactive DC 

magnetron sputtering due to rapid formation of insulating oxide layers on the target surface. The 

insulating surfaces charges up and result in arcing during process. This arcing can damage the 

power supply, produce particles and degrade the properties of deposited oxide films. 

[0048] RF sputtering of oxide films is discussed in Application Serial No. 09/903,050 (the '050 

application) by Demaray et al., entitled "Planar Optical Devices and Methods for Their 

Manufacture," assigned to the same assignee as is the present invention, herein incorporated by 

reference in its entirety. Further, targets that can be utilized in a reactor according to the present 

invention are discussed in U.S. Application serial no. {Attorney Docket No. M-12247 US} (the 

'247 application), filed concurrently with the present disclosure, assigned to the same assignee as 

is the present invention, herein incorporated by reference in its entirety. A gain-flattened 

amplifier formed of films deposited according to the present invention are described in U.S. 

Application serial no. {Attorney Docket No. M-12652 US} (the '652 application), filed 

concurrently with the present disclosure, assigned to the same assignee as is the present 

invention, herein incorporated by reference in its entirety. Further, a mode size converter formed 

with films deposited according to the present invention is described in U.S. Application serial no. 

{Attorney Docket No. M-12138 US} (the '138 application), filed concurrently with the present 

disclosure, assigned to the same assignee as is the present invention, herein incorporated by 

reference in its entirety. 

[0049] Figure IA shows a schematic of a reactor apparatus 10 for sputtering of material from a 

target 12 according to the present invention. In some embodiments, apparatus 10 may, for 
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example, be adapted from an AKT-1600 PVD (400 X 500 mm substrate size) system from 

Applied Komatsu or an AKT-4300 (600 X 720 mm substrate size) system from Applied 

Komatsu, Santa Clara, CA. The AKT-1600 reactor, for example, has three deposition chambers 

connected by a vacuum transport chamber. These Komatsu reactors can be modified such that 

pulsed DC power is supplied to the target and RF power is supplied to the substrate during 

deposition of a material film. 

[0050] Apparatus 10 includes a target 12 which is electrically coupled through a filter 15 to a 

pulsed DC power supply 14. In some embodiments, target 12 is a wide area sputter source 

target, which provides material to be deposited on substrate 16. Substrate 16 is positioned 

parallel to and opposite target 12. Target 12 functions as a cathode when power is applied to it 

and is equivalently termed a cathode. Application of power to target 12 creates a plasma 53. 

Substrate 16 is capacitively coupled to an electrode 17 through an insulator 54. Electrode 17 can 

be coupled to an RF power supply 18. Magnet 20 is scanned across the top of target 12. 

[0051] For pulsed reactive de magnetron sputtering, as performed by apparatus 10, the polarity 

of the power supplied to target 12 by power supply 14 oscillates between negative and positive 

potentials. During the positive period, the insulating layer on the surface of target 12 is 

discharged and arcing is prevented. To obtain arc free deposition, the pulsing frequency exceeds 

a critical frequency that depend on target material, cathode current and reverse time. High 

quality oxide films can be made using reactive pulse DC magnetron sputtering in apparatus 10. 

[0052] Pulsed DC power supply 14 can be any pulsed DC power supply, for example an AE 

Pinnacle plus lOK by Advanced Energy, Inc. With this example supply, up to 10 kW of pulsed 

DC power can be supplied at a frequency of between 0 and 350 KHz. The reverse voltage is 

10% of the negative target voltage. Utilization of other power supplies will lead to different 

power characteristics, frequency characteristics and reverse voltage percentages. The reverse 

time on this embodiment of power supply 14 can be adjusted between 0 and 5 µs. 

[0053] Filter 15 prevents the bias power from power supply 18 from coupling into pulsed DC 

power supply 14. In some embodiments, power supply 18 is a 2 MHz RF power supply, for 

example can be a Nova-25 power supply made by ENI, Colorado Springs, Co. 

[0054] Therefore, filter 15 is a 2 MHz band rejection filter. In some embodiments, the band 
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width of the filter can be approximately 100 kHz. Filter 15, therefore, prevents the 2 MHz 

power from the bias to substrate 16 from damaging power supply 18. 

[0055] However, both RF and pulsed DC deposited films are not fully dense and most likely 

have columnar structures. These columnar structures are detrimental for optical wave guide 

applications due to the scattering loss caused by the structure. By applying a RF bias on wafer 

16 during deposition, the deposited film can be dandified by energetic ion bombardment and the 

columnar structure can be substantially eliminated. 

[0056] In the AKT-1600 based system, for example, target 12 can have an active size of about 

675.70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have dimension about 

400 X 500 mm. The temperature of substrate 16 can be held at between-SOC and 500C. The 

distance between target 12 and substrate 16 can be between about 3 and about 9 cm. Process gas 

can be inserted into the chamber of apparatus 10 at a rate up to about 200 seem while the 

pressure in the chamber of apparatus 10 can be held at between about . 7 and 6 millitorr. Magnet 

20 provides a magnetic field of strength between about 400 and about 600 Gauss directed in the 

plane of target 12 and is moved across target 12 at a rate ofless than about 20-30 sec/scan. In 

some embodiments utilizing the AKT 1600 reactor, magnet 20 can be a race-track shaped 

magnet with dimension about 150 mm by 600 mm. 

[0057] A top down view of magnet 20 and wide area target 12 is shown in Figure 2. A film 

deposited on a substrate positioned on carrier sheet 17 directly opposed to region 52 of target 12 

has good thickness uniformity. Region 52 is the region shown in Figure lB that is exposed to a 

uniform plasma condition. In some implementations, carrier 17 can be coextensive with region 

52. Region 24 shown in Figure 2 indicates the area below which both physically and chemically 

uniform deposition can be achieved, where physical and chemical uniformity provide refractive 

index uniformity, for example. Figure 2 indicates that region 52 of target 12 that provides 

thickness uniformity is, in general, larger than region 24 of target 12 providing thickness and 

chemical uniformity. In optimized processes, however, regions 52 and 24 may be coextensive. 

[0058} In some embodiments, magnet 20 extends beyond area 52 in one direction, the Y 

direction in Figure 2, so that scanning is necessary in only one direction, the X direction, to 

provide a time averaged uniform magnetic field. As shown in Figures lA and lB, magnet 20 

can be scanned over the entire extent of target 12, which is larger than region 52 of uniform 
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sputter erosion. Magnet 20 is moved in a plane parallel to the plane of target 12. 

[0059] The combination of a uniform target 12 with a target area 52 larger than the area of 

substrate 16 can provide films of highly uniform thickness. Further, the material properties of 

the film deposited can be highly uniform. The conditions of sputtering at the target surface, such 

as the uniformity of erosion, the average temperature of the plasma at the target surface and the 

equilibration of the target surface with the gas phase ambient of the process are uniform over a 

region which is greater than or equal to the region to be coated with a uniform film thickness. In 

addition, the region of uniform film thickness is greater than or equal to the region of the film 

which is to have highly uniform optical properties such as index of refraction, density, 

transmission or absorptivity. 

[0060} Target 12 can be formed of any materials, but is typically metallic materials such as, for 

example, combinations of Al and Si. Therefore, in some embodiments, target 12 includes a 

metallic target material formed from intermetalic compounds of optical elements such as Si, Al, 

Er and Yb. Additionally, target 12 can be formed, for example, from materials such as La, Yt, 

Ag, Au, and Eu. To form optically active films on substrate 16, target 12 can include rare-earth 

ions. In some embodiments of target 12 with rare earth ions, the rare earth ions can be pre

alloyed with the metallic host components to form intermetalics. See the '24 7 application. 

[0061] In several embodiments of the invention, material tiles are formed. These tiles can be 

mounted on a backing plate to form a target for apparatus 10. Figure 3A shows an embodiment 

of target 12 formed with individual tiles 30 mounted on a cooled backplate 25. In order to form 

a wide area target of an alloy target material, the consolidated material of individual tiles 30 

should first be uniform to the grain size of the powder from which it is formed. It also should be 

formed into a structural material capable of forming and finishing to a tile shape having a surface 

roughness on the order of the powder size from which it is consolidated. A wide area sputter 

cathode target can be formed from a close packed array of smaller tiles. Target 12, therefore, 

may include any number of tiles 30, for example between 2 to 20 individual tiles 30. Tiles 30 are 

finished to a size so as to provide a margin of non-contact, tile to tile, 29 in Figure 3A, less than 

about 0.010" to about 0.020" or less than half a millimeter so as to eliminate plasma processes 

between adjacent ones of tiles 30. The distance between tiles 30 of target 12 and the dark space 

anode or ground shield 19, in Figure lB can be somewhat larger so as to provide non contact 

assembly or provide for thermal expansion tolerance during process chamber conditioning or 
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operation. 

[0062] Several useful examples of target 12 that can be utilized in apparatus 10 according to the 

present invention include the following targets compositions: (Si/ Al/ErNb) being about 

(57.0/41.4/0.8/0.8), (48.9/49/1.6/0.5), (92/8/0/0), (60/40/0/0), (50/50/0/0), (65/35/0/0), 

(70/30/0,0), and (50,48.5/1.5/0) cat.%, to list only a few. These targets can be referred to as the 

0.8/0.8 target, the 1.6/.5 target, the 92-8 target, the 60-40 target, the 50-50 target, the 65-35 

target, the 70-30 target, and the 1.5/0 target, respectively. The 0.8/0.8, 1.6/0.5, and 1.5/0 targets 

can be made by pre-alloyed targets formed from an atomization and hot-isostatic pressing 

(HIPing) process as described in the '247 application. The remaining targets can be formed, for 

example, by HIPing. Targets formed from Si, Al, Er and Yb can have any composition. In some 

embodiments, the rare earth content can be up to 10 cat. % of the total ion content in the target. 

Rare earth ions are added to form active layers for amplification. Targets utilized in apparatus 

10 can have any composition and can include ions other than Si, Al, Er and Yb, including: Zn, 

Ga, Ge, P, As, Sn, Sb, Pb, Ag, Au, and rare earths: Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy Ho, Er, 

Tm Yb and Lu. 

[0063] Optically useful materials to be deposited onto substrate 16 include oxides, fluorides, 

sulfides, nitrides, phosphates, sulfates, and carbonates, as well as other wide band gap 

semiconductor materials. To achieve uniform deposition, target 12, itself can be chemically 

uniform and of uniform thickness over an extended area 

[0064] Target 12 can be a composite target fabricated from individual tiles, precisely bonded 

together on a backing plate with minimal separation, as is discussed further with respect to 

Figure 3. In some embodiments, the mixed intermetalllics can be plasma sprayed directly onto a 

backing plate to form target 12. The complete target assembly can also includes structures for 

cooling the target, embodiments of which have been described in U.S. Patent No. 5,565,071 to 

Demaray et al, and incorporated herein by reference. 

[0065] Substrate 16 can be a solid, smooth surface. Typically, substrate 16 can be a silicon 

wafer or a silicon wafer coated with a layer of silicon oxide formed by a chemical vapor 

deposition process or by a thermal oxidation process. Alternatively, substrate 16 can be a glass, 

such as Corning 1737 (Coming Inc., Elmira, NY), a glass-like material, quartz, a metal, a metal 

oxide, or a plastic material. Substrate 16 can be supported on a holder or carrier sheet that may 
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be larger than substrate 16. Substrate 16 can be electrically biased by power supp 1 y 18. 

[0066] In some embodiments, the area of wide area target 12 can be greater than the area on the 

carrier sheet on which physically and chemically uniform deposition is accomplished. Secondly, 

in some embodiments a central region on target 12, overlying substrate 16, can be provided with 

a very uniform condition of sputter erosion of the target material. Uniform target erosion is a 

consequence of a uniform plasma condition. In the following discussion, all mention of uniform 

condition of target erosion is taken to be equivalent to uniform plasma condition. Uniform target 

erosion is evidenced by the persistence of film uniformity throughout an extended target life. A 

uniformly deposited film can be defined as a film having a nonuniformity in thickness, when 

measured at representative points on the entire surface of a substrate wafer, of less than about 5 

% or 10%. Thickness nonuniformity is defined, by convention, as the difference between the 

minimum and maximum thickness divided by twice the average thickness. If films deposited 

from a target from which more than about 20 % of the weight of the target has been removed 

continue to exhibit thickness uniformity, then the sputtering process is judged to be in a 

condition of uniform target erosion for all films deposited during the target life. 

[0067] As shown in Figure lB, a uniform plasma condition can be created in the region between 

target 12 and substrate 16 in a region overlying substrate 16. A plasma 53 can be created in 

region 51, which extends under the entire target 12. A central region 52 of target 12, can 

experience a condition of uniform sputter erosion. As discussed further below, a layer deposited 

on a substrate placed anywhere below central region 52 can then be uniform in thickness and 

other properties (i.e., dielectric, optical index, or material concentrations). 

[0068] In addition, region 52 in which deposition provides uniformity of deposited film can be 

larger than the area in which the deposition provides a film with uniform physical or optical 

properties such as chemical composition or index of refraction. In some embodiments, target 12 

is substantially planar in order to provide uniformity in the film deposited on substrate 16. In 

practice, planarity of target 12 can mean that all portions of the target surface in region 52 are 

within a few millimeters of a planar surface, and can be typically within 0.5 mm of a planar 

surface. 

[0069] Other approaches to providing a uniform condition of sputter erosion rely on creating a 

large uniform magnetic field or a scanning magnetic field that produces a time-averaged, 
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uniform magnetic field. For example, rotating magnets or electromagnets can be utilized to 

provide wide areas of substantially uniform target erosion. For magnetically enhanced sputter 

deposition, a scanning magnet magnetron source can be used to provide a uniform, wide area 

condition of target erosion. 

[0070] As illustrated in FIG. IA, apparatus 10 can include a scanning magnet magnetron source 

20 positioned above target 12. An embodiment of a scanning magnetron source used for de 

sputtering of metallic fihns is described in U.S. Patent No. 5,855, 744 to Halsey, et. al., 

(hereafter '744), which is incorporated herein by reference in its entirety. The '744 patent 

demonstrates the improvement in thickness uniformity that is achieved by reducing local target 

erosion due to magnetic effects in the sputtering of a wide area rectangular target. As described 

in the '744 patent, by reducing the magnetic field intensity at these positions, the local target 

erosion was decreased and the resulting film thickness nonuniformity was improved from 8%, to 

4%, over a rectangular substrate of 400 x 500 mm. 

[0071] The process gas utilized in reactor 10 includes an inert gas, typically argon, used as the 

background sputtering gas. Additionally, with some embodiments of target 12, reactive 

components such as, for example, oxygen may be added to the sputtering gas. Other gasses such 

as Nz, NH3, CO, NO, C02, halide containing gasses other gas-phase reactants can also be 

utilized. The deposition chamber can be operated at low pressure, often between about .5 

millitorr and 8-10 millitorr. Typical process pressure is below about 3-Smillitorr where there are 

very few collisions in the gas phase, resulting in a condition of uniform "free molecular" flow. 

This ensures that the gas phase concentration of a gaseous component is uniform throughout the 

process chamber. For example, background gas flow rates in the range of up to about 200 seem, 

used with a pump operated at a fixed pumping speed of about 50 liters/second, result in free 

molecular flow conditions. 

[0072] The distanced, in Figure IA, between target 12 and substrate 16 can, in some 

embodiments, be varied between about 4 cm and about 9 cm. A typical target to substrate 

distance d is about 6 cm. The target to substrate distance can be chosen to optimize the thickness 

uniformity of the film. At large source to substrate distances the film thickness distribution is 

dome shaped with the thickest region of the film at the center of the substrate. At close source to 

substrate distance the film thickness is dish shaped with the thickest film formed at the edge of 

the substrate. The substrate temperature can be held constant in the range of about -40 °C to 
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about 550°C and can be maintained at a chosen temperature to within about 10 °C by means of 

preheating substrate 16 and the substrate holder prior to deposition. During the course of 

deposition, the heat energy impressed upon the substrate by the process can be conducted away 

from substrate 16 by cooling the table on which substrate 16 is positioned during the process, as 

known to those skilled in the art. The process is performed under conditions of uniform gas 

introduction, uniform pumping speed, and uniform application of power to the periphery of the 

target as known to skilled practitioners. 

[0073] The speed at which a scanning magnet 20 can be swept over the entire target can be 

determined such that a layer thickness less than about 5 to 10 A, corresponding roughly to two to 

four monolayers of material, is deposited on each scan. Magnet 20 can be moved at rates up to 

about 30 sec/one-way scan and typically is moved at a rate of about 4 sec/one-way scan. The 

rate at which material is deposited depends on the applied power and on the distance d, in Figure 

lA, between the target 12 and the substrate 16. For deposition of optical oxide materials, for 

example scanning speeds between about 2 sec/one-way scan across the target to 20-30 sec/scan 

provide a beneficial layer thickness. Limiting the amount of material deposited in each pass 

promotes chemical and physical uniformity of the deposited layer. 

[0074] Substrate bias has been used previously to planarize RF sputtered deposited quartz films. 

A theoretical model of the mechanism by which substrate bias operates, has been put forward by 

Ting et al. (J. Vac. Sci. Technol. 15, 1105 (1978)). When power is applied to the substrate, a so

called plasma sheath is formed about the substrate and ions are coupled from the plasma. The 

sheath serves to accelerate ions :from the plasma so that they bombard the film as it is deposited, 

sputtering the film, and forward scattering surface atoms, densifying the film and eliminating 

columnar structure. The effects of adding substrate bias are akin to, but more dramatic than, the 

effects of adding the low frequency RF component to the sputter source. 

[0075] Biasing substrate 16 results in the deposited film being simultaneously deposited and 

etched. The net accumulation of film at any point on a surface depends on the relative rates of 

deposition and etching, which depend respectively, on the power applied to the target and to the 

substrate, and to the angle that the surface makes with the horizontal. The rate of etching is 

greatest for intermediate angles, on the order of 45 degrees, that is between about 30 and 60 

degrees. 
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[0076] Powers to target 12 and substrate 16 can be adjusted such that the rates of deposition and 

etching are approximately the same for a range of intermediate angles. In this case, films 

deposited with bias sputtering have the following characteristics. At a step where a horizontal 

surface meets a vertical surface, the deposited film makes an intermediate angle with the 

horizontal. On a surface at an intermediate angle, there will be no net deposition since the 

deposition rate and etch rate are approximately equal. There is net deposition on a vertical 

surface. 

[0077] Target 12 can have an active size of about 675.70 X 582.48 by 4 mm, for example, in a 

AKT-1600 based system in order to deposit films on a substrate 16 that is about 400 X 500 mm. 

The temperature of substrate 16 can be held at between -SOC and 500C. The distance between 

target 12 and substrate 16 can be between 3 and 9 cm. Process gas can be inserted into the 

chamber of apparatus 10 at a rate of between about 30 to about 100 seem while the pressure in 

the chamber of apparatus 10 can be held at below about 2 millitorr. Magnet 20 provides a 

magnetic field of strength between about 400 and about 600 Gauss directed in the plane of target 

, 12 and is moved across target 12 at a rate ofless than about 20-30 sec/scan. 

[0078] Therefore, any given process utilizing apparatus 10 can be characterized by providing the 

power supplied to target 12, the power supplied to substrate 16, the temperature of substrate 16, 

the characteristics and constituents of the reactive gasses, the speed of the magnet, and the 

spacing between substrate 16 and target 12. 

[0079] Sputtered oxide films according to some embodiments of the present invention can be 

deposited onto a Si wafer or thermal oxide wafers at pressure of between about 3 and about 6 

mTorr. The ratio of 0 2/Ar gas flow can be set at a value to ensure that target 12 is operating 

within a poison mode. The poison mode is defined as the ratio where the oxide is etched from 

the surface of target 12 as fast as the oxide layer is formed. Operating in the poison mode results 

in the stoichiometric film. Sub-stoichiometric oxides may not be optically transparent. The 

pulsing frequency range for power supply 14 can be from about up to about 250 KHz. The 

frequency 40 KHz is approximately the lowest frequency at which no arcing will occur during 

deposition in, for example, the AKT 1600 based system. The reverse pulsing time is determined 

by the amount of arcing generated during the process. Longer reverse time means longer 

discharge time and thus less arcs. However, ifthe reverse time is too long, the deposition rate 

will decrease. Power supply 18 is a 2 MHz RF power supply operated at powers up to several 
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hundred Watts. 

[0080) Figure 4 shows an embodiment of a process procedure 400 performed on apparatus 10. 

In step 401, the target is prepared for the deposition. In some embodiments, target 12 can be 

cleaned by pure Ar sputtering. In other words, apparatus 10 is operated with pure Ar gas only 

(referred to as the metal mode) in order to sputter away a surface layer of target 12. 

[0081] Figure 7 shows the typical drift in the index of refraction with deposition of oxide layers 

for several different targets over different runs for each target. In Figure 7, the compositions of 

the target materials utilized in target 12 for the depositions shown are as follows: Si: 60 cat. % 

and Al: 40 cat.%; Si: 50 cat.% and Al: 50 cat.%; Si: 85 cat.% and Al: 15 cat.%; Si: 35 cat.% 

and Al: 65 cat. %; and Si: 92 cat. % and 8 cat. %. Each deposition was operated under the same 

process parameters: 4.5 kW of pulsed DC power at 200 kHz with a reverse time of2.3 µs 

applied to target 12, 0 2 flow at 44 seem, Ar flow at 30 seem introduced to apparatus 10, 100 W 

of bias power at 2 MHz applied to substrate 16, the temperature of substrate 16 held at 200° C, 

and the distance between substrate 16 and target 12 being set at 6 cm. For each target measured, 

the index drifted up during repeated utilization. 

[0082] Figure 8 shows the relationship between the index of refraction of a film deposited 

according to the present invention and the amount of aluminum in the composite target. As can 

be seen from Figure 8, the index ofrefraction of the deposited film depends strongly on the 

aluminum content. Therefore, as the aluminum in a metal target is depleted, the index of 

refraction drifts. In some embodiments, the ratio of Ar and 0 2 utilized in the process can be 

maintained to provide films of uniform index over a large number of depositions on the target. 

[0083] Reactive sputtering from a metal or metallic alloy target 12 can be characterized by two 

modes of operation. In the first mode, which is sometimes referred to as the 'metallic mode' the 

surface of target 12 is substantially metallic. This mode is characterized by a small addition of 

reactive gas to the inert gas flow of apparatus 10 as well as a higher impedance magnetron 

discharge. It is also characterized by incomplete oxidation of film deposited on substrate 16 and 

therefore higher index films. As the proportion of reactive to inert gas is increased, the sputter 

voltage at target 12 begins to fall at constant power. 

[0084] Figure 5 shows the voltage on target 12 of an embodiment of apparatus 10 according to 
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the present invention as a function of process gas constitution. In the example illustrated in 

Figure 5, for example, a metallic target with composition .8 cat. % Er, .8 cat. % Yb, 57.4 cat. % 

Si and 41 cat. % Si, which can be formed as described in the '24 7 application, was sputtered in 

an embodiment of apparatus 10 based on the AKT-1600 PVD system with 6 kW of pulsed DC 

power at a frequency of 120 kHz and a reverse time of2.3 micro seconds. The Argon gas flow 

was set at 60 seem and the Oxygen gas flow was varied from zero up to 40 seem. For more 

details regarding this deposition, see Example 1 below. 

[0085] As shown in Figure 5, the voltage on target 12 during deposition (the ''target voltage") 

was constant at about 420 Volts for oxygen flow rates up to about 20 seem. This is clearly the 

metallic mode of operation for this embodiment of target 12. Films deposited in this range of 

oxygen flow are characterized as metallic with an oxygen content that increases with oxygen 

flow rate during deposition. As the oxygen flow is increased up to about 26 seem, the voltage on 

target 12 begins to decrease, indicating that the surface of target 12 is beginning to form an oxide 

layer. The oxide layer on the surface of target 12 has a higher secondary electron yield under the 

influence of the Argon ion flux. The additional electron flux to the magnetron electron trap 

increases the ion production in the plasma, which, in turn, decreases the impedance of the plasma 

discharge in apparatus 10. 

[0086] At slightly higher oxygen flow during deposition, the oxide layer on target 12 forms a 

continuous layer and the voltage of target 12 during deposition falls rapidly to the range of about 

190 to about 270 Volts, indicating complete coverage of the surface of target 12 with an oxide 

that is at least as thick as the material removed during one scan of the magnetron. Under this 

condition, the rate of oxide formation on the surface of target 12 equals or exceeds the rate of 

sputter removal of the surface of target 12 by the moving magnetron 20. This condition is 

sometimes referred to as the 'poisoned mode'. 

[0087] Under steady state DC voltage conditions, the oxide layer on target 12 soon charges up, 

leading to reduced rate of sputtering and increased micro-arc discharging in apparatus 10. This 

discharging leads to particulation of the oxide layer on target 12, which degrades the quality of a 

film deposited on substrate 16. In the example shown with Figure 5, the negative going DC 

Voltage is reduced at a frequency of 120 kHz to a positive value for a period of about 2.3 micro 

seconds per cycle, allowing charge neutralization of the surface of target 12, increasing the 

steady state sputter and deposition rates as well as decreasing the rate of micro-arcing. 
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(00881 In the case of a magnetron configuration of magnet 20 having a significant deep local 

target erosion (rather than a configuration of magnet 20 described above which yields uniform 

target erosion), the change in the target voltage of target 12 is more gradual with increasing 

oxygen flow since it is more difficult to establish an oxide condition at the center of an intense 

region of local erosion. The resulting deposited film, however, will be rich in metallic sputtered 

flux to the substrate in the region of higher sputter erosion, leading to non uniform stoicheometry 

and non-uniform indices of refraction in a film deposited on substrate 16. In the case of a 

scanning magnetron 20 with uniform target erosion, the change in the surface condition from 

metallic to poisoned is more abrupt, as the formation rate of the oxide increases to equal the 

sputter removal of the oxide over a wide area of the target. In this case, there is uniform 

distribution of sputtered oxide from the target. Uniform stoicheometry and uniform indices of 

refraction result for the film deposited on substrate 16. 

[0089] Figure 8 shows the range of indices of refraction of films deposited for targets of 

differing silica and alumina compositions, as deposited and after a subsequent anneal step. In the 

case of a pure silicon target, the as-deposited index of refraction can be as high as 3 .4 for pure 

amorphous silicon. In Figure 8, pure silica films (zero Al%) can be deposited with a reactive 

pulsed DC and substrate bias deposition according to the present invention with substantially 

complete oxygen stoicheometry, so as to approximate monolithic amorphous silica. The index 

of refraction of such films decreases with a subsequent heat treatment of between about 700-

9000 C, indicating somewhat more complete oxidation reaction of the material of the film 

together with some degree of stress relaxation of the film deposited on substrate 16. 

[00901 At the opposite extreme, a pure aluminum embodiment of target 12 (100% Al) can be 

utilized to deposit films on substrate 16 under similar process conditions as is utilized to deposit 

pure silica films on substrate 16. In the case of the pure aluminum reactive deposition, the 

dependence of the index of refraction of the film deposited on substrate 16 on oxygen flow as 

well as on the frequency of the pulsed DC process can be examined. As a result, a larger range 

of effective index ofrefraction is achieved together with a reduced or zero dependence of the 

index on the subsequent anneal process. Six targets having differing aluminum composition 

were utilized to evaluate the index of refraction of sputtered films on substrate 16 of related 

composition. The largest change of index with the sputtering conditions is achieved for 

composition near the middle of the Al/Si composition range (about 50% Al and 50% Si). 
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[0091] Figure 7 shows the change in film index for oxide films for several embodiments of 

target 12 and processes with an initial 30 minutes of Argon only sputtering, followed by 

continuous deposition with an oxygen flow rate sufficient for operation in the poisonous mode. 

Note that the rate of increase in the index of refraction of a resulting film deposited on substrate 

16 with continuous poisoned mode deposition is proportional to the concentration of aluminum 

in the composition of target 12. This result is due to the depletion of the aluminum from the 

target surface during the metallic sputtering or pre-condition process. The aluminum in target 12 

is preferentially sputtered over the silicon in target 12, leaving the surface of target 12 rich in 

silicon. At the onset of poisoned mode sputtering, the film deposited on substrate 16 is rich in 

silica and demonstrates a systematic and reproducible decrease in index of refraction. During 

continuous poisoned mode deposition, the silicon rich surface of target 12 can be sputtered away 

and the aluminum portion substantially returned to the bulk composition of target 12. 

Consequently, a metallic pre-condition step can be utilized to achieve a subsequent process for 

the deposition of a film having an increasing index of refraction under conditions of oxide/metal 

stoicheometry. 

[0092] In step 402 of Figure 4, substrate 16 is prepared. Substrate 16 can be mounted on carrier 

sheet 17 and placed in apparatus 10. In step 403, gas flow parameters are adjusted for the 

particular deposition to be performed. The constituency and flow rates of the process gas are 

fixed. In some embodiments, the ratio of Ar and 0 2, for example, can be set and the flow rate of 

each gas set. Further, the combination of flow rate and vacuum system of apparatus 10 

determines the pressure during deposition in apparatus 10. 

[0093] In step 404, the substrate temperature is set. Substrate 16 may be brought to 

temperature over a period of time. In step 405, the scan characteristics of magnet 20 are fixed. 

In step 406, the power setting for power supply 18 is set. Finally, in step 407, the parameters of 

pulsed DC power supply 14 is set, including the power, frequency, and reverse pulsing time. In 

step 408, then, a film that depends on the parameters of reactor apparatus 10 is deposited on 

substrate 16. In some embodiments, films deposited by procedure 400 are thermally annealed 

after deposition. 

[0094] Figure 4 illustrates an example deposition process only. Embodiments of deposition 

processes according to the present invention can be performed in various different orders. 
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[0095} Figure 9 shows a chart of various deposition parameters according to the present 

invention for various embodiments of target 12 and the indices ofre:fraction, both before and 

after an anneal step, for the resulting deposited film on substrate 16. Each deposition was 

accomplished with an embodiment of apparatus 10 based on the AKT 1600 PVD reactor. 

Anneals were accomplished at 725° C for 30 min. Specific examples of particular depositions 

and characteristics of the resulting films deposited on substrate 16 are further discussed below. 

[0096] Figure 10 shows the dependence of the index of refraction of silica layers deposited 

according to the present invention with process conditions. Figure 11 shows the dependence of 

index of refraction on the 02/ Ar flow ratio for the deposition of pure alumina according to the 

present invention. Figure 12 shows the dependence of index for pure alumina films on the 

frequency of the pulsed DC power applied to target 12. Both parameters can be utilized to 

reliably control the index of refraction of films deposited on substrate 16 over a range of index 

values without the use of an additional cationic species, a so called 'dopant'. A third process 

parameter that can be utilized to adjust the index of refraction of a film deposited on substrate 16 

is the bias power applied to substrate 16. Increasing the oxygen flow ratio, the frequency of the 

pulsed DC power applied to target 12 or the bias power applied to substrate 16 will 

systematically increase the index ofrefraction of the alumina film deposited on substrate 16. In 

the case of pure alumina films, minor to no change in the index occurs due to a subsequent 

anneal process. 

[0097] Figure 13 shows the index ofrefraction of a film deposited on substrate 16 from an 

embodiment of target 12 with about 92 cat.% of Si and about 8 cat.% of Al for a series of 

sequential depositions in an embodiment of apparatus 10 based on the AKT 4300 PVD reactor, 

each following a metallic process condition. For constant high oxygen flow conditions, a small 

upward trend in the index of refraction is observed. As is generally true, the index of films 

deposited with higher substrate bias power is systematically lower than films deposited without 

substrate bias. 

[0098] Figure 14 shows the upward trend of the index of refraction after metallic mode 

precondition of an embodiment of target 12 having composition of about 83 cat. % Si and about 

17 cat. % Al for a series of depositions in an embodiment of apparatus 10 based on the AKT 

1600 PVD reaction. As is shown in Figure 14, longer metallic preconditioning of target 12 

results in the index of refraction of the films deposited on substrate 16 having a higher rate of 
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increase than for cases with less prolonged metallic preconditioning of target 12. The vertical 

lines on Figure 14 indicate places where target 12 was preconditioned with only Ar for the 

indicated periods of time. Figure 15 shows a decrease in the change in index for sequential films 

with this embodiment of target 12 deposited with reduced.oxygen flow rates at a constant total 

pressure. A flow rate for oxygen was determined so that the run to run variation for the index of 

refraction of the film deposited on substrate 16 from this target was about .0001 (see the circled 

data points on the graph of Figure 15) which is similar to the variance of the index over the entire 

wafer of substrate 16, which is about 70 parts per million. 

[0099] In some embodiments, films deposited by a pulsed DC biased method according to 

the present invention are uniformly amorphous throughout their thickness. As has been 

discussed above, biasing of substrate 16 leads to densification and uniformity in the deposited 

film. Figures 16A through 16D show a TEM photograph of a film 1601 deposited according to 

the present invention. Further, diffraction patterns shown in Figures 16B, 16C and 16D at points 

a, b and c, respectively, in deposited film 1601 show that the film is amrnorphous through the 

thickness of the film. The diffraction patterns of Figures 16B, 16C and 16D show no effects of 

crystallization. Further, the smoothness of the surface of film 1601 indicates a defect free film. 

The film deposited in Figure 16A is deposited with an 0.8/0.8 target (i.e., a target having the 

composition 52.0 cat.% of Si, 41.0 cat.% of Al, 0.8 cat.% of Er and 0.8 cat.% of Yb). The 

film is deposited at 6 kW of 120 kHz pulsed DC power with a reverse time of2.3 µs. The Argon 

and Oxygen flow rates are 60 seem and 28 seem, respectively. Substrate 16 is biased with 100 

Wofpower. 

[0100] Figure 17 shows the optical loss per centimeter, measured at 1310 nm, using a three 

prism coupling to the so called slab mode of the film on a 10 micron oxide, silicon wafer. As 

deposited the biased, pulsed DC film from a 60 cat. % Si and 40 cat. %Al film demonstrated 

about .ldB/cm loss. After an 800° C anneal in air, the loss was less than the measurement 

sensitivity of the prism coupling method. This data clearly demonstrates that films deposited 

according to embodiments of the present invention can be used for the purpose of constructing 

low loss planar light wave circuits. 

[0101] Deposition of films according to the present invention can be utilized to deposit cladding 

layers, active core layers, and passive core layers of an optical amplifier structure or optical 
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waveguide structure. In some applications, for example multiplexer structures, the separation 

between adjacent waveguides can be small, for example about 8 µm. In some embodiments, the 

deposition parameters of the upper cladding layer can be adjusted to not only adjust the index of 

refraction of the layer, but also to insure that the spacing between adjacent waveguides is small. 

(0102] Figure 18 shows an example planarization deposition over a multiplexer structure. In the 

particular example of upper cladding layer 1803 shown in Figure 18, the deposition parameters 

from a 92 cat.% Si and 8 cat.% Al is: 5.5 Kw of Pulsed DC power applied at 200 KHz with 2.2 

µs of reverse time, gas flow of75 seem Ar and 100 seem 0 2, a substrate bias of 650 W (at 2 

MHz), and a substrate temperature of200 °C. Layer 1803 was deposited with an AKT 4300 

based embodiment of apparatus I 0. As shown in Figure 18, the layer thickness in areas other 

than over waveguide structures 1801 and 1802 is 11.4 µm. Waveguide structures 1801 and 1802 

are 8.20 µm high waveguides and separated by 6.09 µm at the base and by 8.40 µmat their top. 

In Figure 18, the undercladding layer 1804 is about 1.98 µm thick. 

[0103] Figure 19 illustrates deposition of material over a structure. Upper cladding layer 1803, 

in region 1901, will be angled from the horizontal by an angle e. The deposition and etching 

rates of a deposited layer depends on the angle e. Figures 20 and 21 illustrate different cases of 

deposition and etch rates as a function of the angle e. The relationship between the rate of 

deposition and the etch rates can be adjusted by adjusting the deposition parameters. For 

example, the bias power to substrate 16 can be adjusted to control the relationship between the 

etch rates and deposition rates of material. 

10104] Figure 22 illustrates deposition rates over a structure 2201 as a function of time. In 

Figure 2201, h is the thickness deposited over structure 2201. The planarization when layer 

1803 becomes flat. 

[0105] The time for planarization can be estimated as 

w 
-tana+H 

t =-2 ____ _ 
P a min 

a --
flat cosa 

where W is the width of structure 2201, H is the height of structure 2201, anat refers to the 
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accumulation rate on the flat surface, amin refers to the accumulation rate on the minimum 

accumulation slope, and a is the surface angle from the horizontal plane of the minimum 

accumulation slope. 

[0106] Figure 23 shows a deposited film 1803 as shown in Figure 18, except that the bias power 

to substrate 16 is set to 400 W instead of 650 W. As can be seen in Figure 23, a keyhole 2301 is 

formed with an incomplete filling ofuppercladding layer 1803 between structures 1801 and 

1802. Deposition of uppercladding layer 1803 substantially follows the trends illustrated in 

Figures 19 through 22. 

[0107] Figure 24 shows deposition as shown in Figure 18, except that the bias power to substrate 

16 is set to 600 Winstead of 650 W. As can be seen in Figure 24, keyhole 2301 has closed 

leaving a small line defect 2401 in the fill. 

[0108] Figure 28 shows deposition as shown in Figure 18, except that the bias power to substrate 

16 is set to 900 Winstead of 650 W. As can be seen in Figure 28, the etch rate has been 

increased to such an extent that the comers of structures 1801 and 1802 have been etched to form 

slopes 2501 and 2502, respectively. 

[0109] Therefore, as illustrated in figures 18 through 25, an uppercladding layer can be 

deposited in accordance with the present invention such that it fills the space between adjacently 

placed waveguides. In general, the parameters can be optimized for index control and the bias 

power to substrate 16 can be adjusted for fill. In some embodiments, other parameters (e.g., the 

constituency of process gas, frequency and power of pulsed DC power source 14, and other 

parameters) in order to adjust the deposition and etch rates and thereby effectively planarize the 

structure as described. 

[0110] Therefore, depositions of various films in embodiments of apparatus 10 according to the 

present invention with several embodiments of target 12 and the effects on index ofrefraction, 

uniformity of films, and fill characteristics of varying several of the process parameters has been 

discussed above. In some embodiments, stress effects due to wafer bowing of substrate 16 can 

also be reduced. Wafer bowing of substrate 16 can be reduced, reducing the stress in a film 

deposited on substrate 16, by, for example, depositing a film on the backside of substrate 16 

before deposition of a film on substrate 16. In some embodiments, a film having a similar 
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thickness of a similar layer of material can be deposited on backside of substrate 16 prior to 

deposition of the film on substrate 16 according to the present invention. The wafer bowing 

resulting from differing thermal expansions of the film and substrate 16 is therefore countered by 

a similar stress from another film deposited on the backside of substrate 16. 

[0111] Several specific examples film depositions utilizing apparatus 10 are discussed below. 

Further, examples of optical amplifiers produced utilizing the ceramic tiles according to the 

present invention are presented. These examples are provided for illustrative purposes only and 

are not intended to be limiting. Unless otherwise specified, apparatus 10 utilized in the 

following examples was based on the AKT 1600 reactor. Further, unless otherwise specified, the 

temperature of substrate 16 was held at about 200° C and the distance between substrate 16 and 

target 12 was 4 s/scan. The separation between substrate 16 and target 12 is about 6 cm. 

EXAMPLE 1 

[0112] An AKT 1600 based reactor can be utilized to deposit a film. In this example, a wide 

area metallic target of dimension 550X 650 mm with composition (Si/Al/Er/Yb) being about 

57.0 cat.% Si, 41.4 cat.% Al, 0.8 cat.% Er, and 0.8 cat.% Yb (a ".8/.8" target) was fabricated 

as described in the '247 patent. 

[0113] In step 402, a 150 mm P-type silicon wafer substrate was placed in the center of a 

400x500 mm glass carrier sheet 17. Power supply 14 was set to supply 6000 watts of pulse DC 

power at a frequency of 120KHz with a reverse pulsing time of about 2.3us. Magnet 20, which 

is a race-track shaped magnet of approximate dimension 150mmx600mm, was swept over the 

backside of the target at a rate of about 4 seconds per one-way scan. The temperature of 

substrate 16 was held at 200C and IOOW of2 MHz RF power was applied to substrate 16. The 

target 12 to substrate 16 distance was about 6.5 cm. The sputtering gas was a mixture of Argon 

and Oxygen. Substrate 16 and carrier 17 was preheated to 350° C for at least 30min prior to 

deposition. The active film was deposited in the poison mode. Deposition efficiency was 

approximately 1 um/hr. 

(0114] Figure 5 shows the hysteresis curve of this particular embodiment of target 12. When 

target 12 under goes the transition from metallic to poison mode, the target voltage drops from 
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an average of about 420V to an average of about 260V. Before each film deposition, in step 

401, target 12 is cleaned by pure Argon sputtering in the metallic mode. Then target is then 

conditioned in poison mode with the oxygen flow much higher than the flow required at the 

transition region. 

[0115] Tables lA through lC shows some effects on the deposited films of depositions with the 

0.8/0.8 target under different operating conditions. Table IA includes photoluminescence 

(pumped at 532 nm) and index ofrefraction for films deposited on substrate 16 with different 

Ar/02 gas flow ratios with no bias power applied to substrate 16. 

Table IA 

Target Ar/02 Frequency Reverse Bias (W) PUum Index 
Power (KHz) Pulsing (532nm) 
(KW) Time (us) 
6 30/42 200 2.3 0 1973 1.5142 
6 30/36 200 2.3 0 2358 1.5215 
6 60/30 200 2.3 0 3157 1.5229 
6 60/28 200 2.3 0 3421 1.5229 

[0116] Table lB shows the variation in photoluminescence (pumped at 532 nm) and index of 

refraction of the film deposited on substrate 16 with deposition processes having with the same 

Ar/02 ratios but different pulsed DC power frequencies from power supply 14. 

Table lB 

Target Ar/02 Frequency Reverse Bias (W) PL/um Index 
Power (KHz) Pulsing (532nm) 
(KW) Time (us) 
3 60/28 100 2.3 100 1472 1.5146 
4 60/28 75 3.5 100 2340 1.5189 
6 60/28 120 2.3 100 5178 1.5220 

[0117] Table 1 C shows the photoluinescence and index as deposited where the bias power to 

substrate 16 is varied. 
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Table lC 

Target 
Power 
(KW) 
6 
6 
6 
6 

Ar/02 

60/28 
60/28 
60/28 
60/28 

Frequency Reverse 
(KHz) Pulsing 

Time (us) 
200 2.3 
200 2.3 
200 2.3 
200 2.3 

Bias (W) PU um Index 
(532nm) 

0 3657 1.5230 
100 2187 1.5244 
200 3952 1.5229 
300 5000 1.5280 

[0118] The photoluminescence values can be measured with a Phillips PL-100. The deposited 

film can be pumped with a 532 nm laser and the luminescence at 980 is measured. The index is 

the index of refraction. Typically, films deposited are annealed in order to activate the erbium. 

Figure 6 shows the photoluminescence and lifetime versus anneal temperature for a typical film 

deposited as described in this example. 

EXAMPLE2 

[0119] A waveguide amplifier can be deposited according to the present invention. An 

embodiment of target 12 having composition 57.4 cat% Si, 41.0 cat.% Al, 0.8 cat.% Er 0.8 cat. 

% Yb (the ".8/.8 target") can be formed as disclosed in the '245 application. The Er-Yb (0.8/0.8) 

co-doped Alumino-Silicate :film was deposited onto a 6 inch wafer of substrate 16 which 

includes a 10 µm thick thermal oxide substrate, which can be purchased from companies such as 

Silicon Quest International, Santa Clara, CA. Target 12 was first cleaned by sputtering with Ar 

(80 seem) only in the metallic mode. Target 12 was then conditioned in poison mode by flowing 

60 seem of Argon and 40 seem of oxygen respectively. The power supplied to target 12 during 

conditioning was kept at about 6 kW. 

[0120] An active core film was then deposited on substrate 16. The thickness of the deposited 

film is approximately 1.2 µm. The deposition parameters are shown in Table 2. 

Table 2. 
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. Target Power 
(KW) 

6 

Ar/02 (seem) 

60/28 

Pulsing 
Frequency 
(KHz) 
120 

Bias (W) Reverse pulsing 
time (us) 

100 2.3 

[0121] A straight waveguide pattern can then formed by standard photolithography techniques. 

The active core was etched using reactive ion etch followed by striping and cleaning. Next, a 10 

µm top cladding layer is deposited using a similar deposition process according to the present 

invention. An embodiment of target 12 with composition 92 cat.% Si and 8 cat.% Al as shown 

in Figure 9 to form the top cladding layer. The index difference between the top cladding layer 

and the active layer is about 3. 7%. The amplifier is then annealed at 725° C for about 30 min 

(see Figure 6, for example). 

(0122] The erbium excited-state lifetime and the up-conversion coefficient were measured to be 

3ms and 4.5 x 10·13 cm3/s, respectively. A net gain of about 4dB for small signal (about-20 

dBm) with fiber to waveguide and to fiber coupling was obtained. Waveguide length was lOcm 

and the width was about 1.5 to 8 µm. The coupling loss between the fiber and the waveguide is 

3-4 dB/facet, and passive excess loss is 0.1-0.2 dB/cm for 3um waveguide. The waveguide was 

both co- and counter pumped with 150 mW 980nm laser per facet. 

EXAMPLE3 

[0123] This example describes production of a dual core Erbium!Yttrbium co-doped amplifier 

according to the present invention. In one example, substrate 16 is a silicon substrate with an 

undercladding layer of thermally oxidized Si02 of about 15 µm thick Substrate 16 with the 

thermal oxide layer can be purchased from companies such as Silicon Quest International, Santa 

Clara, CA. A layer of active core material is then deposited on substrate 16 with a Shadow Mask 

as described in the '13 8 application. Use of a shadow mask results in a vertical taper on each 

side of a finished waveguide which greatly enhances the coupling oflight into and out of the 

waveguide. 
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[0124] Active core layer is deposited from a 0.8/0.8 target as described in the '247 application 

having composition 57.4 cat.% Si, 41.0 cat.% Al, 0.8 cat.% Er, and 0.8 cat.% Yb. The 

deposition parameters are identical to that of Example 2 described above. The active layer is 

deposited to a thickness of about 1.2 µm. 

[0125] A passive layer of aluminasilicate is then deposited over the active layer. A passive layer 

of about 4.25 µm thickness can be deposited with an embodiment of target 12 having 

composition of Si/ Al of about 87 cat. % Si and about 13 cat. % AL The passive layer and active 

layer are then patterned by standard lithography techniques to form a core that has a width of 

about 5.0 µm for the active core and tapering to about 3.5 µmat the top of the passive core with 

an effective length of about 9 .3 cm. 

[0126] Upper cladding layer is then deposited from a Si/Al target of92 cat.% Si and 8 cat.% 

AL Deposition of the upper cladding layer is shown in Figure 9. In some embodiments, the 

upper cladding layer can be deposited with a non-biased process. The thickness of the upper 

cladding layer can be about 10 µm. The amplifier formed by this process is then annealed at 

725° C for about 30 min. 

[0127] The as-deposited Erbium and Ytterbium concentrations in the active layer of core 303 is 

2.3 X 1020 cm-3 Erbium concentration and 2.3 X 1020 cm-3 Ytterbium concentration. The index 

of the core is 1.508 and the index of cladding layers are 1.4458 for undercladding layer 302 and 

1.452 for uppercladding layer 304. The parameter &i/n is therefore about 5.0%. 

[0128] A reverse taper mode size converter, see the '138 application, is utilized for coupling 

light into waveguide amplifier 300. The insertion loss at 1310 nm is about 2 dB. Figure 26 

shows the amplifier performance of this example. In Figure 26, amplifier 300 is pumped with 

150 mW from one side pumping with 984 nm light. Gain flattening is achieved within about 1 

dB in the range 1528 nm to 1562 nm for small input signals (-20 dBm). For large input signals 

(0 dBm), gain flattening is also achieved within about 1 dB. 

EXAMPLE4 
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[0129) Another example of production of a waveguide amplifier is described here. Again, 

substrate 16 can be a Si wafer with about a 15 µm thick thermal oxide as can be purchased from 

Silicon Quest International, Santa Clara, CA The embodiment of target 12 for the deposition of 

the active core can have a composition of about 50 cat. % Si, 48.5 cat. % Al, 1.5 cat. % Er (the 

"'l .5/0" target), which can be fabricated as discussed in the '138 application. Target 12 was first 

cleaned by sputtering with Ar (80 seem) only in the metallic mode. Target 12 was then 

conditioned in poison mode by flowing 60 seem of Argon and 40 seem of oxygen respectively. 

[0130) The pulsed DC power supplied to target 12 was about 6 kW. Whenever a brand new 

target was used or when the target has been expose to atmosphere, a long time of condition (for 

example more than 30hrs of conditioning) may be necessary to ensure films with the best active 

core property (longest life time and highest photoluminescence) are deposited. Substrate 16 is 

then preheat at about 350° C for about 30min before deposition. 

[0131] The active core film was deposited onto a 6 inch thermal oxide wafer, which has been 

previously discussed, from the 1.5/0 target. The thermal oxide thickness was about 10 µm as 

described in previous examples. The active core is deposited to a thickness of about 1.2 µm with 

a deposition time of approximately 1 hr. The process condition are as listed in Table 4 below. 

Table 3 

Target Power Ar/02 (seem) Pulsing Bias (W) Reverse pulsing 
(KW) Frequency time (us) 

(KHz) 
6 60/28 120 100 2.3 

[0132] A straight waveguide pattern can then be formed by a standard photolithography 

procedure. The active core was etched using reactive ion etch followed by striping and cleaning. 

Finally, a 10 µm top cladding layer is deposited using a similar process. A target having 

composition 92 cat. % Si and 8 cat. % Al with deposition parameters as described in Figure 9 

was used to deposit the top cladding. The difference between the index of refraction between the 

core and the cladding is then about 3.7%. 
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[0133] In this example, annealing of the amplifier structure was performed at various anneal 

temperatures. The results of the various anneals are shown graphically in Figures 27 and 28. 

Figure 27 shows both internal gain in the C-band and insertion loss at 1310 nm of a 2.5 µm wide, 

10.1 cm long waveguide as deposited in this example as a function of annealing temperature. 

The life time in ms and up-conversion constants in cm-3 /s measurements for the deposited active 

core film at different annealing temperature are shown in Figure 28. 

EXAMPLE 5 

[0134] One of the problems encountered during the reactive sputtering from an alloy metallic 

target is that the film composition drifts from run to run due to the difference in sputtering yields 

from the elements that forms the target alloy. For example, with Ar as a sputtering gas, the 

sputtering yield of Aluminum is about 3-4 times that of Silicon, while sputtering yield of 

Alumina is only about 50% that of Silica. Therefore, during the metal bum in, more Aluminum 

is sputtered from the target, resulting in a Si rich target surface. When sputtering in the poison 

mode, more Silica will be removed from target. Thus, as deposition goes on, the composition of 

the film deposited on substrate 16 will drift from lower Alumina concentration to higher 

Alumina concentration. This results in the index of refraction of a film drifting up with 

subsequent depositions from a target 12, as is shown for the deposition described in Example 4 

in Figure 29. Figure 30 shows the drift in photoluminescence pumped at 532 nm with 

subsequent depositions. Figure 31 shows drift in the excited state lifetime with subsequent 

depositions from a target. The embodiment of target 12 utilized in Figures 29 through 31 is the 

1.5/0 target and the deposition parameters are as described above in Example 4. 

[0135] The drift can be stabilized by recondition target 12 prior to deposition. The recondition 

process (or bum in) consists of both sputtering in metallic mode and then sputtering in poison 

mode to condition target 12. The bum in time in metallic mode needs to be as short as possible 

and at the same time insure no arcing during the poison mode deposition. Figure 32 shows the 
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much improved drift in the index ofrefraction and the photoluminescence when target 12 is 

reconditioned between subsequent depositions. 

EXAMPLE6 

[0136] This example describes the fabrication of another Er-Yb codoped waveguide amplifier 

according to the present invention. The active core is deposited with an embodiment of target 12 

with composition about 49 cat. % Si, 48 cat. % Al, 1.6 cat. % Er and 0.5 cat. % Yb, which 

can be fabricated as described in the '247 application. Target 12 was first cleaned by sputtering 

with Ar (80 seem) only in the metallic mode. Target 12 was then conditioned in poison mode by 

flowing 60 seem of Argon and 40 seem of oxygen respectively. The pulsed DC power supplied 

to target 12 was kept at 5 kW. Table 4 shows photoluminescence and index ofrefraction of as

deposited films from this example at some typical process conditions. The units for 

photoluminescence are the number of counts per micron. Lifetime and photoluminescence 

measured after annealing at various different temperatures are shown in Table 5. 

Target 4 

Target Ar/02 Pulsing Bias Reverse 532nm Index 

Power {seem) Frequency (W) pulsing time PL/um 

{KW) (KHz) {us) 

5 60/34 120 100 2.3 3367 1.5333 

5 60/30 120 100 2.3 3719 1.5334 

Table 5 

~nneal Temperature °C Life Time {ms) PL (532nm)/um 

72f. ~ 7000 

775 3 7000 

800 4 7500 

825 4.7 8560 

850 5.c 1000( 

90C 6.~ 17000 

[0137] A waveguide amplifier was fabricated using this material in the similar fashion as 

described in examples 2-4. The active core was first deposited on substrate 16, which includes a 
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lOum thermal oxide layer, using the following deposition parameters: target power SKW, 

pulsing frequency 120KHz, bias lOOW, reverse time 2.3us, Argon and Oxygen flow are 60 seem 

and 30sccm respectively. The active core thickness is deposited to a thickness about 1.2µm, 

which talces approximately 1 hr. All wafers are preheated at about 350° C for 30min before 

deposition. A straight waveguide pattern is then formed by standard photolithography 

procedure. The active core was etched using reactive ion etch following by striping and 

cleaning. Next, a 1 Oµm top cladding layer is deposited using similar process. The "92/8" (92 

cat. % Si and 8 cat. % Al) metallic target was used to deposit top clad according to deposition 

parameters shown in Figure 9, resulting in a 4 % index difference between active core and 

cladding. The wave guide was then annealed at 800° C for about 30 min. 

[0138] This waveguide was tested for gain using the method described in previous examples. 

However no net gain was observed from this waveguide since the passive loss was too high. 

EXAMPLE 7 

[0139] In addition to active material layers (i.e., layers having rare-earth ion concentrations), 

passive layers can also be deposited. Figure 9 shows deposition parameters for several target 

compositions, including some targets for deposition of passive (i.e., alloys of Al and Si with no 

rare earth ion concentration) layers. In this example, an embodiment of target 12 with a material 

composition of pure silicon is utilized. 

[0140] Apparatus 10 can be based on an AKT 1600 reactor and deposited with about 1to3 kW 

of pulsed DC target power supplied to target 12. Particular depositions have been accomplished 

at 2.5 kW and 1.5 kW. The frequency of the pulsed DC power is between about 100 and 200 

Khz. Some depositions were performed at 200 kHz while others were performed at 100 kHz. 

The reverse time was varied between about 2 µs and about 4 µs with particular depositions 

performed at 2.3 µsand 3.5 µs. The bias power to substrate 16 was set to zero. 

[0141] Index variation of Si02 films with bias to substrate 16 and deposition rates as a function 

of bias power to substrate 16 is shown in Figure 10. 
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[0142] The process gas included a mixture of Ar, N2 and 0 2. The Ar flowrates was set at 20 

seem while the 0 2 flow rate was varied between about 5 and about 20 seem and the Nz flow rate 

was varied from about 2 to about 35 seem. Figure 33 shows the variation in the index of 

refraction of a film deposition on substrate 16 as the 02/N2 ratio is varied. 

EXAMPLES 

[0143] Alternatively, films can be deposited on substrate 16 from a pure alumina target. In an 

example deposition with an embodiment of target 12 of alumina in an embodiment of apparatus 

10 based on the AKT 1600 reactor, the pulsed DC target power was set at 3 kW and the 

frequency was varied between about 60 kHz and 200 kHz. The reverse time was set at 2.5 µs. 

Again, no bias power was supplied to substrate 16. The 0 2 flow rate was varied from about 20 

to about 35 seem, with particular depositions performed at 22 and 35 seem. The Ar flow rate 

was set at 26 seem. A post deposition anneal of substrate 16 at 800° C for 30 min. was 

performed. 

[0144] Figure 12 shows the variation ofrefractive index of the film deposited on substrate 16 

with varying :frequency of the pulsed DC power supplied to target 12. Figure 11 shows the 

variation in refractive index of a film deposited on substrate 16 with varying 0 2/ Ar ratio. As can 

be seen from Figures 33, 34 and 35, the index of refraction of films deposited from alumina can 

be adjusted by adjusting the process gas constituents or by adjusting the :frequency of the pulsed 

DC power supplied to target 12 during deposition. 

EXAMPLE9 

(0145] Additionally, passive films can be deposited from targets having a composition of Si and 

Al. For example, layers have been deposited from embodiments of target 12 with composition 

83 % Si and 17 % Al. About 4.5 kW of pulsed DC power at about 200 kHz frequency was 

supplied to target 12. The reverse time was about 2.2 µs. A bias power of about 150 W was 
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supplied to substrate 16 during deposition. Figures 14 and 15 show variation of the index of 

refraction for subsequent runs from this target. 

[0146] The examples and embodiments discussed above are exemplary only and are not 

intended to be limiting. One skilled in the art can vary the processes specifically described here 

in various ways. Further, the theories and discussions of mechanisms presented above are for 

discussion only. The invention disclosed herein is not intended to be bound by any particular 

theory set forth by the inventors to explain the results obtained. As such, the invention is limited 

only by the following claims. 
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We claim: 

Claims 

1. A method of depositing a film on a substrate, comprising: 

providing pulsed DC power through a filter to a target; 

providing bias power to a substrate positioned opposite the target; 

providing process gas between the target and the substrate, 

wherein the filter protects a pulsed DC power supply from the bias power. 

2. The method of Claim 1, further including holding the temperature of the substrate 

substantially constant. 

3. The method of Claim 1, wherein providing pulsed DC power through the filter includes 

supplying up to about 10 kW of power at a frequency ofbetween about 40 kHz and about 350 

kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. The method of Claim 1, wherein providing bias power to the substrate includes supplying up 

to 1000 W of RF power to the substrate. 

5. The method of Claim 4, wherein the filter is a band reject filter at the frequency of the bias 

power. 

6. The method of claim 4, wherein the bias power is zero. 

7. The method of Claim 1, wherein the film is an upper cladding layer of a waveguide structure 

and the bias power is optimized to provide planarization. 

8. The method of Claim 1, wherein the process gas includes a mixture of Oxygen and Argon. 

9. The method of Claim 9, wherein the Oxygen flow is adjusted to adjust the index of refraction 

of the film. 

10. The method of Claim 8, wherein the process gas further includes nitrogen. 
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11. The method of Claim 1, wherein providing pulsed DC power to a target includes providing 
pulsed DC power to a target which has an area larger than that of the substrate. 

12. The method of Claim 1, further including uniformly sweeping the target with a magnetic 

field. 

13. The method of Claim 12, wherein uniformly sweeping the target with a magnetic field 
includes sweeping a magnet in one direction across the target where the magnet extends beyond 
the target in the opposite direction. 

14. The method of Claim 1, further including depositing a film on the backside of target 12. 

15. A reactor according to the present invention, comprising: 

a target area for receiving a target; 

a substrate area opposite the target area for receiving a substrate; 

a pulsed DC power supply; and 

a bias power supply coupled to the substrate. 

16. The reactor of Claim 15, wherein the target has a surface area greater than the surface area 

of the substrate. 

17. The reactor of Claim 15, further including a scanning magnet which provides uniform 
erosion of the target. 

18. The reactor of Claim 17, wherein the scanning magnet scans across the target in a first 
direction and extends in a second direction perpendicular to the first direction. 

19. The reactor of Claim 18, wherein the magnet extends beyond the target in the second 
direction. 

20. A method of depositing a film on a substrate, comprising: 

conditioning a target; 

preparing the substrate; 
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adjusting the bias power to the substrate; 

setting the process gas flow; and 

applying pulsed DC power to the target to deposit the film. 

21. The method of Claim 20, wherein conditioning the target includes sputtering with the target 

in a metallic mode to remove the surface of the target and sputtering with the target in 

poisonous mode to prepare the surface. 

22. The method of Claim 21, wherein setting the process gas flow includes adjusting 

constituents in order to adjust the index of refraction of the film. 

23. The method of Claim 21, wherein applying pulsed DC power includes setting the frequency 

in order to adjust the index ofrefraction of the film. 

24. The method of Claim 21, further including adjusting a temperature of the substrate in order 

to adjust the index of refraction of the film. 

25. A method of forming a waveguide amplifier, comprising: 

providing a substrate with an undercladding layer; 

providing a target having a concentration of rare-earth ions opposite the substrate; 

supplying process gas between the target and the substrate; 

applying pulsed DC power through a filter to the target to deposit a film; 

patterning the film to form a core; 

depositing an uppercladding layer over the core. 

26. The method of Claim 25, wherein providing a substrate includes providing a silicon 

substrate with a thermal oxide layer. 

27. The method of Claim 25, wherein providing a target includes providing a target having a 

concentration of up to about 5 cat. % of rare earth ions. 
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28. The method of Claim 27, wherein providing a target includes providing a target of Al and Si. 

29. The method of claim 25, wherein providing a target includes providing a target with a 

concentration of Al. 

30. The method of Claim 29, wherein providing a target includes providing a target with a 

concentration of Si. 

31. The method of Claim 29, wherein providing a target includes providing a target with a 

concentration of rare earth ions. 

32. The method of Claim 25, further including providing bias power to the substrate. 

33. The method of Claim 25, further including scanning a magnet over the target. 

34. The method of Claim 25, wherein scanning the magnet over the target includes moving the 

magnet in a first direction. 

35. The method of Claim 34, wherein the magnet extends beyond the target in a second 

direction perpendicular to the first direction. 

36. The method of Claim 25, wherein the target has a surface area greater than the surface area 

of the substrate. 

37. The method of Claim 32, wherein the filter rejects power at a frequency of the bias power. 

38. A sputtering apparatus, comprising: 

means for providing pulsed DC power to a target; and 

means for providing bias power to a substrate. 

39. The apparatus of Claim 38, further including 

means for providing process gas between the target and the substrate. 
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Biased Pulse DC Reactive Sputtering of Oxide Films 

Hongmei Zhang 
Mukundan Narasimhan 

Ravi Mullapudi 
Richard E. Demaray 

Abstract 

A biased pulse DC reactor for sputtering of oxide films is presented. The biased pulse 

DC reactor couples pulsed DC at a particular frequency to the target through a filter which filters 

out the effects of a bias power applied to the substrate, protecting the pulsed DC power supply. 

Films deposited utilizing the reactor have controllable material properties such as the index of 

refraction. Optical components such as waveguide amplifiers and multiplexers can be fabricated 

using processes performed on a reactor according to the present inention. 
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Attorney Docket No.: M-12245 US 

DECLARATION FOR PATENT APPLICATION 
AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below adjacent to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of subject matter (process, machine, manufacture, or 
composition of matter, or an improvement thereof) which is claimed and for which a patent is sought by 
way of the application entitled 

which (check) IZl 
D 
D 
D 

Biased Pulse DC Reactive Sputtering of Oxide Films 

is attached hereto. 

and is amended by the Preliminary Amendment attached hereto. 

was filed on as Application Serial No. 

and was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information, which is material to patentability as defmed in Title 37, 
Code of Federal Regulations,§ 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code,§ 119(a)-(d) of any foreign 
application(s) for patent or inventor's certificate or any PCT international application(s) designating at least 
one country other than the United States of America listed below and have also identified below any 
foreign application(s) for patent or inventor's certificate or any PCT international application(s) 
designating at least one country other than the United States of America filed by me on the same subject 
matter having a filing date before that of the application(s) of which priority is claimed: 

Prior Foreign Application(s) Priority Claimed 

Number Country Day/Month/Year Filed Yes No 

NIA D D 

I hereby claim the benefit under Title 35, United States Code, § 119( e) of any United States provisional 
application(s) listed below: 

Provisional Application Number Filing Date 

N/A 

I hereby claim the benefit under Title 35, United States Code,§ 120 of any United States application(s) or 
PCT international application(s) designating the United States of America listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to 
disclose information, which is material to patentability as defined in Title 37, Code of Federal Regulations, 
§ 1.56, which became available between the filing date of the prior application(s) and the national or PCT 
international filing date of this application: 

Application Serial No. Filing Date Status (patented, pending, abandoned) 

NIA 

-Page 1 of2 -
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Attorney Docket No.: M-12245 US 

I hereby appoint the following practitioners to prosecute this application and to transact all business in the 
United States Patent and Trademark Office connected therewith: 

Customer Number 24251 1m11m11111~11111~11~~ 

Please direct all telephone calls to: 

Gary J Edwards 

Telephone: 408-453-9200 

I declare that all statements made herein of my own knowledge are true, all statements made herein on 
information and belief are believed to be true, and all statements made herein are made with the knowledge 
that whoever, in any matter within the jurisdiction of the Patent and Trademark Office, knowingly and 
willfully falsifies, conceals, or covers up by any trick, scheme, or device a material fact, or makes any 
false, fictitious or fraudulent statements or representations, or makes or uses any false writing or document 
knowing the same to contain any false, fictitious or fraudulent statement or entry, shall be subject to the 
penalties including fine or imprisonment or both as set forth under 18 U.S.C. 1001, and that violations of 
this paragraph may jeopardize the validity of the application or this document, or the validity or 
enforceability of any patent, trademark registration, or certificate resulting therefrom. 

Full name of first joint inventor: Hongmei Zhang 
Inventor's Signature: Date: 

Residence: 

Post Office Address: Citizenship: 

Full name of third joint inventor: 

Inventor's Signature: 

Mukundan Narasimhan 
Date: 

Residence: 

Post Office Address: 

Full name of second joint inventor: Ravi B. Mullapudi 

Inventor's Signature: 

Residence: 

Post Office Address: 

San Jose, California 

211 7 Shiangzone Court 
San Jose, California 95121 

Full name of fourth joint inventor: Richard E. Demaray 
Inventor's Signature: 

Residence: Portola Valley, California 

Post Office Address: 190 Fawn Lane 
Portola Valley, California 94028 

-Page 2 of2 -

Citizenship: 

Date: 

Citizenship: 

Date: 

Citizenship: 

India 

USA 
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United States Patent & Trademark Office 
Office of Initial Patent Examination -- Scanning Division 

Application deficiencies found during scanning: 

D Page(s) ____ of _____________ were not present 
for scanning. (Document title) 

D Page(s) ____ of ___________ _ 
for scanning. 

not present 
(Document title) 

x Scanned copy is best available. y ( ilVJ t'nfj Cf (t Ott~ , 
\ , 
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FILING DATE 

03/16/2002 

CLASS SUBCLASS GAU EXAMINERG.J T/<'AD4-

F /'.' ,' ! 1' I >"I 

Zhang Hongmei; Narasimhan Mukundan; Mullapudi Ravi; Demaray 

.. CONTINUING DATA VERIFIED: 

••FOREIGN APPLICATIONS VERIFIED: 

PG-PUB DO NOT PUBLISH D RESCIND D 
Foreign priority claimed o yes o no TIORNEY DOCKET NO 
35 USC 119 conditions met o yes o no 
Verified and Ad<nowledged Examiners's intials M-12245 US 

ITLE : Biased pulse DC reactive sputtering of oxide films 
U,S.DEPT. OF COMM./PAT.& TM·PTQ.436l(Re11. 12·94) 

Primary Examiner 

PREPARED FOR ISSUE Applk?-tlon Examiner 
" ._.,W~ABNIN~~G~:-Tbc=-""!'lnft-:onna:---tton~' ~disc~loscd~":"ba-em-:.-ma-y":'be-restt:ieted.~~-----t 

Unauthorized disclosure may be probibi1ed by the United States Code Title 35, 
Soctians,122, 181 Biid 368, P • ululside the U.S. Patent & Trademark 
Oftkie is ftlslricud to autborized and COldlacturs • • 

FILED WITH: D DISK (CRF) D CD-ROM 
. (Alladled In pock8l on right~ ftap) 

.. .-., 
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SEARCH SEARCH NOTES 
(List databases searched. Attach 

search strat inside. 
Class Sub. Date Exmr. Date Exmr. 

-B ST ~II.ABLE CO V 

,• 

INTERFERENCE SEARCHED 
Class Sub. Date Exmr. 

·.- ·. 1· 

t~:~· 
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ISSUE SLIP STAPLE AREA lfor additional cross-references} 
ISSUING CLAS~ ORIGINAL F DI fl,.;.. f ·c ,,.__,," CLASS I SUBCLASS CLASS Sr S 0 ltOC~ ~ • ' I 

INTERNATIONAi. 
CLASSIRCATION 

I 

I 

I 

"'"' I ... -I /\ Continued on Issue Slip Inside File Jacket 1 '} I ND EXOF CLAIMS ·-., ............... Rlljected - (Through numeral) ... Canceled N ............... Non-eleded A ............... Appeal - ............... Anc-i + Restricted . .............. ............ I lnterfelen . .............. ce 0 ............... Qh1Ar1"'1 r.llim Date lalm Date Claim Date 

l! -•IE> 
~ s "11" .... &I 

~ 

~' ! 
~~ 

101 
"a 102 
~ 

' l 
7: 

51 
52 

3 53 
103 l.dlr1"' .. 54 
104 i....r-
105 

~ 106 
107 

5 
6 
7 

55 
56 
57 

8 58 
1ua 

~ 9 59 
109 .. ,, 10 60 
110 ..... 11 61 
111 

I 12 82 
112 13 63 113 .H &I, 
11• 15 I 65 
115 11u 66 
116 17 87 
117 18 68 
116 19 69 119 ~ 70 
120 21 71 
121 22 72 
122 23 73 123 24 74 
12• ~ 75 
125 26 76 
126 27 77 127 28 78 
128 29 79 
129 30 80 130 31 81 
131 32 82 
132 33 83 133 34 84 1a.. 35 85 135 38 88 138 . 37 87 
137 ·;iii 

88 11111 Jll .!.. 89 
139 'IU 90 1.-0 41 91 
141 42 92 142 '3 93 
1•3 14 94 14<1 15 95 145 16 96 146 17 

97 147 ·8 98 1.-S ,9 
99 149 -0 
100 150 

If more than 150 claims or 9 actions staple additional sheet here 
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-~ c:::> _ 0\ 25 Metro Drive -"'' San Jose 
<..J - Ul Suite 700 California 95110 

T: 408-453-9200 
F: 408-453-7979 

Austin, TX 
Newport Beach, CA 
San Francisco, CA 

l_~bJerven mornll 
I m·acpherson Lt:P

0 
---Q) 
,__ c: 
O'\ -- . c:::> rn 

f--< 
Docket No.: M-12245 US O..c-> 

~ . 
-..., 

· (j Box Patent Application 
Commissioner For Patents 
Washington, D. C. 20231 

March 16, 2002 

Enclosed herewith for filing is a patent application, as follows: 

Inventor(s): 

Title: 

Zhang;Hongmei; Narasimhan, Mukundan; Mullapudi, Ravi; and Demaray, Richard E. 

Biased Pulse DC Reactive Sputtering of Oxide Films 
_x_ 
_x_ 

_2_ 
34 

_4_ 
_I_ 
27 

Return Receipt Postcard 
This Transmittal Letter (in duplicate) 
page(s) Declaration For Patent Application and Power of Attorney (unsigned) 
page(s) Specification (not including clainis) 
page( s) Claims 
page Abstract 
Sheet(s) of Drawings 

Applicant(s) assert(s) entitlement to small entity status for the attached patent application 

CLAIMS AS FILED (fees computed under 37 CFR §1.9(0) 

For 
Total Claims 

Number 
Filed 
39 -20 

Number 
Extra 

9 

Independent 5 -3 2 
Claims 
0 Fee of __ for the first filing of one or more 

multiple dependent claims per application 
'=' 0 Fee for Request for Extension of Time 
;~:: 

x 

x 

Rate 
$ 9.00 

$42.00 

! ~ Please make the following charges to Deposit Account 19-2386: 

Basic Fee 
$ 370.00 
$ 81.00 

$ 84.00 

$ 

$ 

0 Total fee for filing the patent application in the amount of $ 525.00 
0 The Commissioner is hereby authorized to charge any additional fees which may be 

required, or credit any overpayment to Deposit Account 19-2386. 

EXPRESS MAIL LABEL NO: Respectfully ~~d, ~ 

EL 941069152 US ~ j)~ 

854416 vi 

Gary J. Edwards 
Attorney for Applicant(s) 
Reg. No. 41,008 

.'-0 N 
fllCIO 0 .--r=-...... 
::>c:::::J . \0 

..-t .-f r---._ ....... 
..-ic:::::J M 
0..-t 0 ...... 
T'"' -

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 75 of 1543



• .-,,,_ 1 ~ a lfS · vS ·-1 / '3r 

,..-JO 

lb 

h B'vre 1A 

12-

I -

FIG. 1 B 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 76 of 1543



12 

20 

,-----------1 1 
I i-----.-1 I 
I I I I 
I I I I y 

I I \ I L_ _ __ J I 

'-:-----L --?---4---. _
· --4----+JJ 

. 52 . 24 

FIG. 2 

\a,. 
/ 

26 26 

c ----

25 
FIG. 3 

. 19 

t 
27 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 77 of 1543Case 5:20-cv-09341-EJD Document 138-6 Filed 03/18/22 Page 77 of 1543

m- jQg24G US
Qala

 
aEa
foe

ry podG2 rw
 
 

od?i 

cateththee,Tl :~

 



Tor~eT Prep a re, r-i tJI/ ..... 

1 
· Svb ~Trt1Te Ptptar1t1101 ..-v 

I. 
SeT G~.s Flow yv 

J 
SeT Sohstr,. r~ vv 

f'elfll f l'f't'( ~c/I'~ 

l 
S6'T rYJA9-Jlf/ t°tZll1 IA--

.l 
SeT 81'ct:s !--"-

J 
Ser fu ISt>J hr.i~ /" 

~ 

far4 m~.,.115 

I 
Ot>fOS1"1- p,'l "'I ~ 

·-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 78 of 1543



450 
400 

> 350 -& 300 
J9 250 -

. ~ 200 -·-(1) 150 
C> 

~ 100 ..... 
50 -

0 -
0 

Target Voltage VS. Oxygen Flow 

10 20 30 40 

Oxygen Flow (seem) 

5 

I 
Life time and PL Vs. Anneal Temperature i 

! 800 

700 
-+-Life time (ms) 

51~PL(980nm) 1-------'ll"l-"~--
-- 600 

-iii' 4-r----------=--ff-r .s 
500 E 

c: 
400 ~ e 3r:::==:::::::::~~~~-l~~-1 

;i 

e 
300 -' 

£l. 

J!! 
::J. 2 -i---=-~---,--------1--~----l 

1 -t---------"""-ea-c---1rn-----
200 

100 

0 
800 1000 

0 -·~. ~--.----,----.,..----,----r 
0 200 400 600 

Anneal Temperature 

Fi f)V ff 

J •Target Voltage l 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 79 of 1543



"' "'.
.) ~
 r

k 
~
 

<:
6.

 
ct

. .
......

.... 
C

() 
~
 

- \ t: 

;i::
::!i

iJ
1 :::

:ii"
jj::

;E
;:,i

J] 
;:: 

;::::
u:1

:::i:
 .. 1

1::i
1J 

·11
::·ii

] .. 
,r;· 

Al
um

in
o 

Si
lic

at
es

 In
de

x 
D

rif
t i

n 
B

ur
n-

in
 C

yc
le

 (A
s 

D
ep

os
ite

d 
fro

m
 A

l/S
i C

as
t 

M
et

al
 T

ar
ge

ts
) 

1.
58

 
_,.

;,. 

1.
56

 

1.
54

 

)C
 

llJ
 

1:
1 -= ~ 

1.
52

 
t (o:

:J i 0::
 

1.
5 

1.
48

 ~~
~~
~~
~~
~~
~~
~;
tm
~~
~~
~~
~~
1~
~~
 

1.
46

 ;
o ~~

;-=
~;-

22~
~~;

;-~
~~~

;:1
:zt

:i~
i__

~••
•··

·· 
20

00
 

40
00

 
60

00
 

80
00

 
10

00
0 

12
00

0 
14

00
0 

16
00

0 
18

00
0 

20
00

0 
O

xi
de

 B
ui

ld
-u

p 
Af

te
r 

In
iti

al
 T

ar
ge

t B
ur

n 
(1

/2 
hr

 M
et

al
+ 

11
2 

hr
 O

xi
de

) 
(in

 n
m

) 

Fi 
iv

 re
 

-:;. 

f 
Si

 ;.A
O 

c,
,c

, 

+
 

60
-4

0 
Dr

ift 

m
 

50
-5

0 
Dr

ift 

D
 

. 
'35

-1
5 

Dr
ift 

. 3
5-

65
 D

ril
l 

:i:
 

. 
92

-8
 D

rif
t 

-L
in

e
a

r 
( 

50
-5

0 
Dr

ift)
 

-L
in

e
a

r 
( 

60
-4

0 
Dr

ift)
 

-L
in

e
a

r 
( 

85
-1

5 
Dr

ift)
 

-L
in

e
a

r 
( 

.3
5-

65
 D

rif
t) 

-L
in

e
a

r 
( 

. 9
2-

8 
Dr

ift)
 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 80 of 1543



IJ
\ 
~
 ~ 

r\,
. 

C
l
\
~
 

~
'
-
0
 

I l:
 

;i:::
!! l!

J.•
!:iii

l ··
~:· 

:E
: I

i]
 ''

' 
:E

: •!
:::ii

 :ii
;ij; 

·ii::
· I

i]
 ·11

::· t
t...!

i 
fi .. 

. 
Re

fra
ct

iv
e 

In
de

x 
as

 a
 fu

nc
tio

n 
of

 A
l%

 in
 A

lu
m

in
·o

sil
ica

te
s 

1.7
 5

 F
?0

:z
::

s·
17

B"
7;

=;
:f

'.
~·

I.
rz

:~
;:

-z
.:

~:
::

:~
~·

·~
~:

=:
-:

- .. "'-
-:· -,

:·~
--~

-~-
::-

-·-
~.:

:-·
-..

.,,
...

,-:
:-:

-·~
·-:

:-·
:-:

~-:
-·7

"'.
'-:

-,.
.,-

---
---

-·~
, 

1
.
7
t
t
~
~
~
~
~
~
~
±
+
s
~
~
~
~
~
7
~
s
~
~
~
~
 

1.6
5 

x Q
) 

't
i .5 

..•.
 

Q
) ~
 ti l'Q
 i 

1.
55

 
.. 

a: 

1.
5 

1 
~~
>.
<:
, 

;:
>·
;;
,~
·:
:.
%"
~~
~}
'?
'.
 ·
:
:
;
~
,
,
:
r
:
 ·

··
·u

F·
,·

:~
;~

·~
. 

:c
ia
::
:;
/~
 

oc
 

, .
..

..
 

-:
'':

::
. 

. 
: 

"C
 

<'
';·

' 
'."''!

 

1.
45

17
 

1.
4+
-~
-'
-'
-'
-'
T-
'-
=-
~-
r-
~~
""
'-
-.
--
"-

"~
-.
-'
--
~'
-'
-.
..
..
-~
..
;.
;.
..
;.
._
_,
~-
'-
-~
-.
--
~-
-'
'-
--
i-
..
;.
;.
..
;.
.-

""
~-
--
'-
'-
"'
-~
~ 

0 
10

 
'2

0 
30

 
40

 
50

 

Al%
 

Fi
9v

re
 

bJ 

60
 

70
 

80
 

90
 

10
0 

+
 R

I (
As

 D
ep

) 

• 
R

I P
os

t A
nn

ea
l 

-P
o

ly
. (

R
I (

As
 D

ep
)) 

• Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 81 of 1543



"' . 
':::

:) ~!\
-,.

 
c
t 

t'\
 

C
'( 

'-.
.::

. 

--
rt. 

I ~
 

M
at

er
ia

l 
(E

r/
Y

b/
 A

l/S
i)

 

0.
8/

0.
8/

41
.4

/5
7 

1.
6/

0.
5/

49
/4

8.
9 

01
01

81
92

 
; 

01
01

40
16

0 

01
01

50
15

0 

01
01

65
13

5 
' 

01
01

30
17

0 

1.
51

01
48

.5
15

0 

11:
.:u 

,~:::
i1 
·r a

:::::
 1i

J 
;;; 

:i:::
:: '

!::~1
 :E

~i: 
1i::

 ii
J 

11:
:· 1

i] 

E
xp

ec
te

d 
in

de
x 

. A
ct

ua
l 

P
ro

ce
ss

 C
on

di
ti

on
s 

(P
os

t a
nn

ea
l)

 
in

de
x 

(P
os

t 
(A

nn
ea

le
d 

72
5c

 3
0m

in
) 

. 
an

ne
al

) 

1.
50

6 
1.

51
0 

6K
W

, A
r-

60
,0

2-
28

sc
cm

, 
12

0K
H

z,
 2

.2
us

, 6
0m

m
 T

-
W

 S
pa

ce
, 4

-5
m

m
 T

-M
 S

pa
ce

, 0
-4

00
W

 B
ia

s 

'1
.5

26
 

1.
52

8 
6K

W
, A

r-
60

,0
2-

28
sc

cm
, 

12
0K

H
z,

 2
.2

us
, 6

0m
m

 T
~ 

W
 S

pa
ce

, 4
-5

m
m

 T
-M

 S
pa

ce
, 0

-4
00

W
 B

ia
s 

1.
45

2 
1.

45
6-

4.
5K

W
, A

r-
30

-6
0,

02
-2

8-
44

, 
12

0-
20

0K
hz

, 2
.2

us
, 

60
-8

5n
un

 T
-W

 S
pa

ce
, 4

-5
m

m
 T

-M
 S

pa
ce

, 0
-4

00
W

 

1.
45

9 
B

ia
s 

1.
50

4 
1.

48
6-

3.
0-

4.
5K

W
, A

r-
30

,0
2-

44
, 7

5-
20

0K
hz

, 2
.2

-3
.0

us
, 

60
-8

5m
m

 T
-W

 S
pa

ce
, 4

-5
m

m
 T

-M
 S

pa
ce

, 0
-4

00
W

 

1.
50

1 
B

ia
s 

1.
52

0 
1.

49
1-

4.
0-

4.
SK

W
, A

r-
30

,0
2-

44
, 7

5-
20

0K
hz

, 2
.2

-3
.0

us
, 

60
-8

5m
m

 T
-W

 S
pa

ce
, 4

-5
m

m
 T

-M
 S

pa
ce

, 0
-4

00
W

 

1.
50

3 
B

ia
s 

1.
54

4 
1.

54
5-

4.
5-

5.
SK

W
, A

r7
5-

90
, 0

28
5-

10
0,

 2
00

K
hz

,2
.2

tis
, 

85
m

m
 T

-W
 S

pa
ce

, 4
-S

m
m

 T
-M

 S
pa

ce
, 0

-4
00

W
 

1.
56

0 
B

ia
s 

1.
49

0 
1.

56
2 

(h
ig

h 
5.

0K
W

, A
r7

5,
 0

2-
10

0,
 2

00
K

liz
,2

.2
us

, 8
5n

un
 T

-W
 

Sp
ac

e,
 4

-5
m

m
 T

-M
 S

pa
ce

, 0
-4

00
W

 B
ia

s 

Fe
 c

on
te

nt
) 

1.
52

3 
1.

50
9-

6K
W

; A
r-

60
,0

2-
28

sc
cm

, 1
20

K
H

z,
'2

.2
us

, 6
0m

m
 T

-
W

 S
pa

ce
, 4

-5
m

m
 T

-M
 S

pa
ce

, 0
-4

00
W

 B
ia

s 

1.
51

3 

(,'
 't

 f) 
i/

f' 
~ 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 82 of 1543



~ ls
)~
 

~
~
 

C'E
I 
~
 

C't
:. I ~·
 

B
ia

s 
P

 w
e

r 
D

C
 P

o
w

e
r 

(W
at

ts
) 

(K
W

l 
15

0 
4.

5 
15

0 
4.

5 
40

0 
4.

5 
40

0 
4.

5 

P
u

ls
in

g
 

F
re

q 
R

ev
er

se
 

A
r 

F
lo

w
 

(K
H

zl
 

T
im

e 
(µ

sl
 

(s
ee

m
s)

 
20

0 
2.

2 
10

0 
20

0 
2.

2 
10

0 
20

0 
2.

2 
10

0 
20

0 
2.

2 
10

0 

;i::
:!! 

ii
] 

1 !:::H
 

jj:: 
:i:::

:: 
Ii

] 
"' 

:i:::
:: 

1 !:::1
1 :

i:::J
: ·

a:: 
!I

] 
··11

::· 
Ii]

 ·11
::· 

T
a

rg
e

tT
o

 
W

af
er

 
R

ef
ra

ct
iv

e 
R

e
fr

a
ct

iv
e

 
02

 F
lo

w
 

W
a

fe
r 

S
p

a
ci

n
g

 
ln

,d
ex

A
vg

 
In

d
e

x 
S

TD
 

b
e

p
 R

at
e 

(s
ee

m
s)

 
P

o
si

tio
n

 
(m

m
) 

(@
.1

55
0n

m
) 

((
@

15
50

nm
) 

(u
m

/H
r)

 
10

0 
1 

55
 

1.
46

15
08

 
0.

00
05

35
 

0.
95

76
54

 
10

0 
2 

55
 

1.
46

23
29

 .
.
 0

.0
00

37
6 

0.
96

25
81

 
10

0 
1 

55
 

1.
46

27
74

 
0.

00
01

03
 

0.
81

40
07

 
10

0 
2 

55
 

1.
46

35
83

 
,0

.0
00

09
5 

0.
82

45
66

 

,F
ig

ur
e 

10
 

· 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 83 of 1543



V\
 

~
 

~
~
 

-
~
~
 

<;
6 
~
 

~
 (

j"
 

I ~
 

1.
73

 ..
......

......
. ~
 

1.
72

5 
w

 
I-

' 1
.7

2 
>< Q

) 

·-g
 1

.7
15

 
- Q

) >
 

·-...., (.
) ca ,_ 

1.
71

 

'4;
. 

1.
70

5 
0::

 

1.
7 

1.
69

5 

0 

~:::
~ I

i]
 '!:J

i "j
~~-

:i:::
:: I

i]
 ;;;

 
:!::

:.. 
l~::

:n :E
l: 'i

j:. 
Ii

] 
'/j::

 (I
i 

ir 

R
.I.

 v
s 

0
2

/A
r 

R
at

io
 

0.
5 

1 
1.

5 

0
2

/A
r 

R
at

io
 

• 
R

.I.
 V

s 
02

/A
r 

R
at

io
 

a 
R

.I 
P

os
t A

nn
ea

l V
s 

1 1 
02

/A
r 

R
at

io
 

Fl
~v
fe
 

II 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 84 of 1543



~ IJ
) ~ 

cl 
~
~
 

"7 
~
 

E
. 

1.
73

5 

1.
73

 

;i:::
!! I

i]
 •!:'.

'.!! 
'i!::

 :E
: i

i]
 "'

 
:E"

 ·~::
~1 

:E;
j; 

·jj::
· I

i]
 'jj

:;· 
!i

] 
f 

R
.I.

 v
s 

P
ul

si
ng

 F
re

qu
en

cy
 f

o
r 

A
lu

m
in

a
 

··:
··-

~'.
.:'

..:
'; 

:~ 
/:

· 
:-

>< 
·1

.7
25

 
Cl

) 
.;

.·
 

-
-

··
·-

;·
·:

 

...
 
-·

 

"C
 r.: 
. - (1

) >
 

+:
; 0 ca '- "I
-

Q
) et::
 

1.
72

 

1.
71

5 
n 

R
.I 

P
os

t 8
00

c 
30

m
in

 

1.
71

 
.. _::

 c 
· ... 

• 
ne

al
 

1 •
 7 0

 5 
-j

 
-
~"
 

'.
-

::
--

--
--

-.
--

,:
, . .c

:L
. 

-
..

. 
· 

.. -
..

..
. ,

. 
, 

·-
i-
:·
-~
--
:.
-·
--
-:
 

1 .
 7 

-1
~~
-;
--
-i
-,
--
--
--
--
~-
--
--
.,
-,
-~
--
--
..
-.
,-
,-
.-
-.
..
-,
--
~~
--

.. ~-
--
~"
'~
.-
o;
..
.-
'-
..
,.
0,
--
.,
.,
~"
'-
--
~~
--
.,
..
,1
 

1 .
 6 9

 5 
-
+

-
-
-
-
-
-
'
-
r
-
-
-
-
'
-
-
-
-
-
-
-
r
-
-
-
-
-
-
-
'
-
-
-
,
-
-
-
-
-
-
-
-
'
-
-
-
,
-
-
-
-
-
i
 

0 
50

 
10

0 
15

0 
20

0 
25

0 

P
u

ls
in

g
 F

re
qu

en
cy

 (
K

H
z)

 
· F

i'
~ 1

.ue
 

1 
ci 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 85 of 1543



. ;
j:::

:!li
] 

ii
] 

;;; 
. ;[

:;::
 1 !:::1

i :E
'.I: 

jj::·
 I

i]
 j

j::· 
Ii.J

I 

In
d

ex
 a

n
d

 D
e

p
 R

at
e 

D
ri

ft
s 

P
re

 &
 P

o
st

 A
n

n
ea

l 

f(
1f

ge
T 

q9
' -

ff' 
A

 t:T
 

t.rJ
oO

 
(J
q1
e~
 
~e
"c
 ro

r 

V\
 

'::
) V\
 ~ 

r\-.
. 

~
~
 

-: 
=::

 
I ~
 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 86 of 1543



1.
49

2 

1.
49

 

.~
 

1.
48

8 
~
 

~·
 

.e
 

c tf1 
1.

48
6 

q
. 

r\.
. 

.....
 

n!
> 
~
 

~
 

I 
~
 

~ 
1.

48
4 

E
 
-

"C
S .= Q
,) ::>
 'Q 

1.
48

2 
ii c:::

 

1.
48

 

1.
47

8 

1.
47

6 

(i
i 1 ~:'.:!

I 
1 ~:::1

1 :
El:

·~:
;· 

1U
 i

i:: 

In
d

ex
 D

ri
ft

 C
o

n
tr

o
l 

. 
Ta
1~
eT
 

G
/J

l!l
f. 

8
3

 -
Ir

 
( 

_A
.4c

T-
J6

t!O
 

b
q

ff
d

 
fti

:a
:T

or
) 

1.
1 

'•'.
\ 

1.
05

 

1
D
i
!
i
~
~
J
t
~
~
~
~
~
S
.
~
S
i
:
~
2
2
S
2
~
~
8
~
J
 o.

95
 

0.
9 

0.
85

 

.~
··
 

I 
I 

'•
••

 
'·

· 
0.

8 
0 

5 
10

 
15

 
20

 
25

 
30

 
35

 
40

 
45

 
W

fr
 N

u
m

b
er

s 
(2

 P
e

r 
R

un
) 

+
In

de
x 

R
ep

ea
ta

bi
lit

y 
S

tu
dy

 

• 
D

ep
 R

at
e 

p,
·~
 u

 1e 
if

 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 87 of 1543



1iJ
 1 !:::r

. 
K. 

~E
: 1

iJ 
;;; 

:E:
 1 ~:::

u 
!j]

"l
j::

ij]
 

If"
""

-
' 

8'
J-

tl
2 

T
 a.t

'{J-
e T

 /
 
A~

 T 
16

00
 

'J:
:)Q

ftJ
 

rg
c,.

cT
D

i. 

In
de

x 
D

rif
t C

on
tr

ol
 

1.
49

 
1.1

 

1.
48

8 

+_
;>

 
1.

05
 

~
 

1.
48

6 

~
 

"E
 1

.4
84

 
I 

+
 

In
de

x 
R

ep
ea

ta
bi

lity
 S

tu
dy

 
\')

 
c 

~
~
 

0 "" 
<"&

 
C

'\ 
~
 

1.
48

2 
~
I
n
d
e
x
 R

ep
ea

ta
bi

lity
 P

os
t 

~
 --

....:
::. 

@
 

An
ne

al
 

-
M

 
)(

 
aJ

 
1.

48
 

0.
95

 
·1

1 
De

p 
Ra

te
 

'O
 

.5
 

~
 

aJ
 ~ 

1.
47

8 
(IQ

 ii 
I 

:: ..
 ":_

'.;_
,~):

.:·.
:·~:

":~'
" 

~":
.; 

,~.
;;.

. .. 
~.;

·.-
·. 

:~~
: ...

.. -
·\~

,.:
·,,

._.
-;~

:.:
":;

...
'-"

'· 
... 

·, 
..

 
~ 

.· 
..

..
 ·

. "
'* 

l'l.
'll 

.:
,;

; 
...

 
·. +

 0.9
 

a:: 
1.

47
6 

llJ
 

...
 

1.
47

4 

I .. 
· 

.. .
 

. 
·:t 

0.
85

 
·• 

. 
.. 

_·
;·,

. 

1.
47

2 

1.
47

 
..

. ·•
 
-..

. 
0.

8 
0 

5 
10

 
15

 
20

 
25

 
30

 
35

 

VI
/fr

 N
um

he
rs

 (2
 P

er
 R

un
) 

fig
- u

 rf
 .

 
15

 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 88 of 1543



/601 

Symmorphix PVD aluminosilicate 

; Fi,ure 

' "c. 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 89 of 1543



I 
i 

' , I 
i 
I 

.I ~ 
Q) 

! 
ij!; 

ti--'1.' 

E 
I '15 

I E' 
t--
'1:1: Q) l a ! s .,,,_ 

l i 
"'O ~ 
Q' 
~ tit. i Q. 11) 

! c LL c 
I (13 

c 
I :::; 

I co 
'1:1: 

! 0 ! 

I 
I 
i 
I 

I 
I 

I 
I 
i 
i 
' ! 

I,{) 

9 

s (I 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 90 of 1543



Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 91 of 1543Case 5 20-cv-09341-EJD Document 138-6 Filed 03/18/22 Page 91 of 1543

 

  ESEeeeeae)aekeneltaas
{og4081

£e/ 4] 7
she tl -Usn

it

 



'i -

·= 
:::::::: 

.:::...:::. 

·~= 

l L l l l ~ L 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 92 of 1543

 
: — Substraye 
 

Figu fe

 : Figure
| 20 



(YJ - f ET ') f(-5 US 

I$-/?-.:;-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 93 of 1543

m-1e PFS of
o[aP

eeGeneee:
| 

 



Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 94 of 1543Case 5:20-cv-09341-EJD Document 138-6 Filed 03/18/22 Page 94 of 1543

mn 1P OES US .
oe 19 [27

  
.

Fiauve Be



ft() I J JO I 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 95 of 1543Case 5:20-cv-09341-EJD Document 138-6 Filed 03/18/22 Page 95 of 1543

m- (2 2geS JS ,
96 [AF

SAUASERs8es10)

 
(fol 901=1800 

Fg Jv a5



• 

-- ! 
C) : 
:::,... ' 
~1 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 96 of 1543

 

Hd
pees

}

 

ed

ala
aa

Erwr

 

ORO07aAes

 



• 

~~Jet 
SfJ s.n-e e1 -UA · 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 97 of 1543



9 

8 

7 

CD 
6, 

"C 5 
c: 4 ·;; 

(!) 3 

2 

1 
0 
1525 \ 

• 

Length = 9.3· cm, 

1535 1545 1555 
Wavelength ( nm ) 

• 150 mw, -20 dBm, Model 
a 150 mw, 0 dBm, Model 
A 150 mw, -20_dBm, Exp 
x 150 mw, 0 dBm, Exp 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 98 of 1543



: :: 

=~ 

:~ 

ca 
"O 

• 
16 

14 

12 

10 

8 -+-1310 IL 
-&- Gain in C-band I 

6 

4 

2 

0 

650 700 750 800 850 

Annealing Termperature ( C } 

Life Time and Up-conversion vs. Annealing 
·Temperature 

1.20E-17 
. r'\ 
~ 1.10E-17 
··: 1.00E-17 
~ 9.00E-18 

v 8.00E-18 
§- 7.00E-18 
O 6.00E-18 

5.00E-18 
4.00E-18 
3.00E-18 
2.00E-18 
1.00E-18 

720 740 760 780 800 

Anneal Temperature 

820 840 

2 

1.9 

1.8 

1.7 r-, 

~ 
1.6 ~ 
1.5 

1.4 

1.3 

1.2 

1.1 

1 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 99 of 1543



•• • 
Index and Thickness 

1.535 1200 

1.53 1150 

1100 
>< 
Q) 

1.525 "D 
.5 

•Index 
1050 

11 thickness 

1.52 
1000 

950 

1.515 

0 
900 hd~(f ?1 

2 4 6 8 

Wafer Number 

532nm PUum 
3000 

2500 
E 
:J 2000 
Q. 
E 1500 I• 532nm PL/um I 
c: 

N 
(") 

1000 
It) 

500 

0 2 4 6 8. 

Wafer number 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 100 of 1543



• 
3.5 

3 

u;- 2.5 
. .§... 

2 Cl) 

E 
t= 
.! 

1.5 

::i 
1 

0.5 

0 
0 

1.524 

1.5235 

1.523 

1.5225 
>< 
°' 1.522 "'C 
.E 

1.5215 

1.521 

1.5205 

1.52 

273-1 

-1 

273-2 

m - 1;)-/lf s u 5 
;;i '(;;-r . 

Life tiime 

2 

Wafer Number 

274-1 274-2 275-1 

Wafer ID· 

• 

3 

275-2 

I •Life tiime \ 

ft<Jvre 31 

4 

4500 

4000 

3500 

3000 

250 -+-Index 

200 
-111-PL 

1500 

1000 

500 

0 
f'(gv'P 3;;.. 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 101 of 1543



1.
8 

1.
75

 

1.
7 

~. 
rl 

-·--
·l·"

"'' _
_ ., _

__ 1
-:6

5-
-· 

:~
-'
~ 
-
~
"
'
"
'
'
"
 

~ 
~.
 

I 
~ 

1.
6 

C\
. - l 

-
~
 

' 1
.5

5 

1.
5 

1.
45

 

1.
4 

0 
5 

;i:::
!! I

i]
 1 !:::

11 
·n::

· :E
: I

i]
 "'

 :
E: 

1 !:::n
 :i:

;~; 
·u::

· I
i]

 "1
1::

· I
i]

 ·1
1::·

 

R
.I 

vs
 0

2/
N

2 
R

at
io

 

10
 

15
 

02
/N

2 
R

at
io

 

2.0
 

25
 

"
"
"
 ,

,,
,_

,,
,,

_
, __

 ,, ...
 __

__
 .. 

___
_ ,, _

__
__

_ .
...

...
...

...
...

...
 --

.. ·-
·--

---
---

....
 -

"
"
"
'"

 __
 ,,. _

___
_ ~

"
'
"
"
 
...

...
...

...
...

...
...

 "
"
"
' 
""

'"
'"

''
'"

""
""

" 
...

...
...

...
...

...
...

...
. .

 
...

...
...

...
...

. ·
···

···
·-·

··-
···

-
... 

·-·
·· 

....
. -

··-
-·-

.. 
. ··

···-
-.. 

·-

Fi'
ff 

v r
f 

~
3
 

-1 
• 

S
er

ie
s1

 

, &
. 

30
 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 102 of 1543



:--; 

M-12245 US 

852923 vi 

•
·-~ 

. . l 
, I 

Express Mail Label No. 
EL 941069152 US 

Biased Pulse DC Reactive Sputtering of Oxide Films 

1. Field of the Invention 

Hongrnei Zhang 
Mukundan Narasimhan 

Ravi Mullapudi 
Richard E. Demaray 

Background 

[0001] The present invention relates to deposition of oxide and oxynitride films and, in 

particular, to deposition of oxide and oxynitride films by pulsed DC reactive sputtering. 

2. Discussion of Related Art 

[0002] Deposition of insulating materials and especially optical materials is 

technologically important in several areas including production of optical devices and production 

of semiconductor devices. In semiconductor devices, doped alumina silicates can be utilized as 

high dielectric insulators. 

[0003] The increasing prevalence of fiber optic communications systems has created an 

unprecedented demand for devices for processing optical signals. Planar devices such as optical 

waveguides, couplers, splitters, and amplifiers, fabricated on planar substrates, like those 

commonly used for integrated circuits, and configured to receive and process signals from 

optical fibers are highly desirable. Such devices hold promise for integrated optical and 

electronic signal processing on a single semiconductor-like substance. 

[0004] The basic design of planar optical waveguides and amplifiers is well known, as 

described, for example, in U.S. Patent Nos. 5,119,460 and 5,563,979 to Bruce et al., 5,613,995 

to Bhandarkar et al., 5,900,057 to Buchal et al., and 5,107,538 to Benton et al., to cite only a few. 

These devices, very generally, include a core region, typically bar shaped, of a certain refractive 

index surrounded by a cladding region of a lower refractive index. In the case of an optical 

amplifier, the core region includes a certain concentration of a dopant, typically a rare earth ion 
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such as an erbium or praseodymium ion which, when pumped by a laser, fluoresces, for 

example, in the 1550 nm and 1300 nm wavelength ranges used for optical communication, to 

amplify the optical signal passing through the core. 

[0005] As described, for example in the patents by Bruce et al., Bhandarkar et al, and Buchal et 

al., planar optical devices may be fabricated by process sequences including forming a layer of 

cladding material on a substrate; forming a layer of core material on the layer of cladding mater; 

patterning.the core layer using a photolighotgraphic mask and an etching process to form a core 

ridge; and covering the core ridge with an upper cladding layer. 

[0006] The performance of these planar optical devices depends sensitively on the value and 

uniformity of the refractive index of the core region and of the cladding region, and particularly 

on the difference in refractive index, ~. between the regions. Particularly for passive devices 

such as waveguides, couplers, and splitters, 8n should be carefully controlled, for example to 

values within about 1 %, and the refractive index of both core and cladding need to be highly 

uniform, for some applications at the fewer than parts per thousand level. In the case of doped 

materials forming the core region of planar optical amplifiers, it is important that the dopant be 

uniformly distributed so as to avoid non-radiative quenching or radiative quenching, for example 

by upconversion. The refractive index and other desirable properties of the core and cladding 

regions, such as physical and chemical uniformity, low stress, and high density, depend, of 

course, on the choice of materials for the devices and on the processes by which they are 

fabricated. 

[0007] Because of their optical properties, silica and refractory oxides such as Ab03, are good 

candidate materials for planar optical devices. Further, these oxides serve as suitable hosts for 

rare earth dopants used in optical amplifiers. A common material choice is so-called low 

temperature glasses, doped with alkali metals, boron, or phosphorous, which have the advantage 

of requiring lower processing temperatures. In addition, dopants are used to modify the 

refractive index. Methods such as flame hydrolysis, ion exchange for introducing alkali ions in 

glasses, sputtering, and various chemical vapor deposition processes (CVD) have been used to 

form films of doped glasses. However, dopants such as phosphorous and boron are hygroscopic, 

and alkalis are undesirable for integration with electronic devices. Control of uniformity of 

doping in CVD processes can be difficult and CVD deposited films can have struc~l defects 
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leading to scattering losses when used to guide light. In addition, doped low temperature glasses 

may require further processing after deposition. A method for eliminating bubbles in thin films 

of sodium-born-silicate glass by high temperature sintering is described, for example, in the '995 

patent to Bhandarkar et al. 

[0008] Typically, RF sputtering has been utilized for deposition of oxide dielectric films. 

However, RF sputtering utilizes ceramic targets which are typically formed of multiple smaller 

tiles. Since the tiles can not be made very large, there may be a large problem of arcing between 

tiles and therefore contamination of the deposited film due to this arcing. Further, the reactors 

required for RF sputtering tend to be rather complicated. In particular, the engineering of low 

capacitance efficient RF power distribution to the cathode is difficult in RF systems. Routing of 

low capacitance forward and return power into a vacuum vessel of the reaction chamber often 

exposes the power path in such a way that diffuse plasma discharge is allowed under some 

conditions of impedance tuning of the matching networks. 

[0009] Therefore, there is a need for new methods of depositing oxide and oxynitride films and 

for forming planar optical devices. 

Summary 

(001 O] In accordance with the present invention, a sputtering reactor apparatus for depositing 

oxide and oxynitride films is presented. Further, methods for depositing oxide and oxynitride 

films for optical waveguide devices are also presented. A sputtering reactor according to the 

present invention includes a pulsed DC power supply coupled through a filter to a target and a 

substrate electrode coupled to an RF power supply. A substrate mounted on the substrate 

electrode is therefore supplied with a bias from the RF power supply. 

[0011] The target can be a metallic target made of a material to be deposited on the substrate. In 

some embodiments, the metallic target is formed from Al, Si and various rare-earth ions. A 

target with an erbium concentration, for example, can be utilized to deposit a film that can be 

formed into a waveguide optical amplifier. 

[0012] A substrate can be any material and, in some embodiments, is a silicon wafer. In some 
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embodiments, RF power can be supplied to the wafer. In some embodiments, the wafer and the 

electrode can be separated by an insulating glass. 

[0013] In some embodiments, up to about 10 kW of pulsed DC power at a frequency of between 

about 40 kHz and 350 kHz and a reverse pulse time of up to about 5 µsis supplied to the target. 

The wafer can be biased with up to about several hundred watts of RF power. The temperature 

of the substrate can be controlled to within about 10° C and can vary from about -50° C to 

several hundred degrees C. Process gasses can be fed into the reaction chamber of the reactor 

apparatus. In some embodiments, the process gasses can include combinations of Ar, N 2, 0 2, 

C2F6, C02, CO and other process gasses. 

[0014] Several material properties of the deposited layer can be modified by adjusting the 

composition of the target, the composition and flow rate of the process gasses, the power 

supplied to the target and the substrate, and the temperature of the substrate. For example, the 

index of refraction of the deposited layer depends on deposition parameters. Further, in some 

embodiments stress can be relieved on the substrate by depositing a thin film of material on a 

back side of the wafer. Films deposited according to the present invention can be utilized to 

form optical waveguide devices such as multiplexers and rare-earth doped amplifiers. 

[0015] These and other embodiments, along with examples of material layers deposited 
' 

according to the present invention, are further described below with respect to the following 

figures. 

Brief Description of the Figures 

[0016] Figures IA and lB show a pulsed DC sputtering reactor according to the present 

invention. 

[0017] Figure 2 shows a planar view of target utilized in a reactor as shown in Figures lA and 

IB. 

[0018] Figure 3 shows a cross-section view of an example target utilized in a reactor as shown in 

Figures lA and lB. 
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[0019] Figure 4 shows a flow chart of an embodiment of a process for depositing a film on a 

substrate according to the present invention. 

[0020] Figure 5 shows a hysterises curve of target voltage versus oxygen flow rates for an 

example target in an embodiment of a reactor according to the present invention. 

[0021] Figure 6 shows a photo-luminescence and lifetimes of a film deposited in a process 

according to the present invention as a function of after deposition armeal temperature. 

[0022] Figure 7 shows the relationship between the index of refraction of a film as a function of 

deposited oxide layers according to the present invention and due to oxide build-up on the target. 

[0023] Figure 8 shows a graph of the index of refraction of a film deposited according to the 

present invention as a function of the aluminum content in a composite Al/Si target. 

[0024] Figure 9 shows a graph of typical indices of refraction of material layers deposited 

according to the present invention. 

[0025] Figure 10 shows a table of indices of refraction for a silica layer deposited according to 

the present invention as a function of different process parameters. 

[0026] Figure 11 shows the refractive indices as a function of 02/Ar ratio utilized in an Alumina 

process according to the present invention. 

[0027] Figure 12 shows the refractive indices as a function of DC pulsed power frequency for an 

Alumina layer deposited according to the present invention. 

[0028] Figure 13 shows variation in the refractive index over time during repeated depositions 

from a single target. 

[0029] Figure 14 shows variation in refractive index over time for repeated depositions from a 

target of another material layer according to the present invention. 

[0030] Figure 15 shows the variation refractive index over time for repeated depositions from a 

target of another material layer according to the present invention. 

[0031] Figure 16A through 16D shows a TEM film deposited according to the present invention. 
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[0032] Figure 17 shows the transparency of a film deposited according to the present invention. 

[0033) Figure 18 shows an uppercladding layer deposited according to the present invention 

over a multiple-waveguide structure such that the deposited layer is substantially planarized. 

(0034] Figure 19 illustrates the deposition of a film over a waveguide structure. 

(0035] Figures 20 and 21 illustrate different etch and deposition rates for deposition of films as a 

function of the surface angle of the film. 

[0036] Figure 22 illustrates calculation of the p~anarization time for a particular deposition 

process. 

[0037] Figures 23 through 25 through illustrate adjustment of process parameters in order to 

achieve planarization of a film deposited over a waveguide structure according to the present 

invention. 

[0038] Figure 26 shows the gain characteristics of an erbium doped waveguide amplifier formed 

of films depositions according to the present invention. 

[0039] Figures 27 shows gain, insertion loss of a waveguide with an active core deposited 

according to the present invention. 

[0040] Figure 28 shows up-conversion constants, and lifetimes of the active core layer of Figure 

27 deposited according to the present invention. 

[0041] Figure 29 shows drift in the index of refraction with subsequent depositions for films 

deposited from a target according to the present invention. 

[0042] Figure 30 shows drift in the photoluminescence with subsequent depositions according to 

the present invention . 

. [0043] Figure 31 shows drift in the excited state lifetime with subsequent depositions according 

to the present invention. 

[0044] Figure 32 shows stabilization of the index of refraction in subsequent depositions. 

[0045] Figure 33 shows the index of refraction of a film formed from a pure silicon target as a 
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function of the ratio of 0 2/N2 in the process gas. 

[0046] In the figures, elements having the same designation have the same or similar function. 

Detailed Description 

[0047) Reactive DC magnetron sputtering of nitrides and carbides is a widely practiced 

technique, but the reactive de magnetron sputtering of nonconducting oxides is done rarely. 

Films such as aluminum oxide are almost impossible to deposit by conventional reactive DC 

magnetron sputtering due to rapid formation of insulating oxide layers on the target surface. The 

insulating surfaces charges up and result in arcing during process. This arcing can damage the 

power supply, produce particles and degrade the properties of deposited oxide films. 

[0048] RF sputtering of oxide films is discussed in Application Serial No. 09/903,050 (the '050 

application) by Demaray et al., entitled "Planar Optical Devices and Methods for Their 

Manufacture," assigned to the same assignee as is the present invention, herein incorporated by 

reference in its entirety. Further;targets that can be utilized in a reactor according to the present 

invention are discussed in U.S. Application serial no. {Attorney Docket No. M-12247 US} (the 

'247 application), filed concurrently with the present disclosure, assigned to the same assignee as 

is the present invention, herein incorporated by reference in its entirety. A gain-flattened 

amplifier formed of films deposited according to the present invention are described in U.S. 

Application serial no. {Attorney Docket No. M-12652 US} (the '652 application), filed 

concurrently with the present disclosure, assigned to the same assignee as is the present 

invention, herein incorporated by reference in its entirety. Further, a mode size converter formed 

with films deposited according to the present invention is described in U.S. Application serial no. 

{Attorney Docket No. M-12138 US} (the '138 application), filed concurrently with the present 

disclosure, assigned to the same assignee as is the present invention, herein incorporated by 

reference in its entirety. 

[0049] Figure 1 A shows a schematic of a reactor apparatus 10 for sputtering of material from a 

target 12 according to the present invention. In some embodiments, apparatus 10 may, for 
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example, be adapted from an AKT-1600 PVD (400 X 500 mm substrate size) system from 

Applied Komatsu or an AKT-4300 (600 X 720 mm substrate size) system from Applied 

Komatsu, Santa Clara, CA. The AKT-1600 reactor, for example, has three deposition chambers 

connected by a vacuilm transport chamber. These Komatsu reactors can be modified such that 

pulsed DC power is supplied to the target and RF power is supplied to the substrate during 

deposition of a material film. 

[0050] Apparatus 10 includes a target 12 which is electrically coupled through a filter 15 to a 

pulsed DC power supply 14. In some embodiments, target 12 is a wide area sputter source 

target, which provides material to be deposited on substrate 16. Substrate 16 is positioned 

parallel to and opposite target 12. Target 12 functions as a cathode when power is applied to it 

and is equivalently termed a cathode. Application of power to target 12 creates a plasma 53. 

Substrate 16 is capacitively coupled to an electrode 17 through an insulator 54. Electrode 17 can . 

be coupled to an RF power supply 18. Magnet 20 is scanned across the top of target 12. 

[0051] For pulsed reactive de magnetron sputtering, as performed by apparatus 10, the polarity 

of the power supplied to target 12 by power supply 14 oscillates between negative and positive 

potentials. During the positive period, the insulating layer on the surface of target 12 is 

discharged and arcing is prevented. To obtain arc free deposition, the pulsing frequency exceeds 

a critical frequency that depend on target material, cathode current and reverse time. High 

quality oxide films can be made using reactive pulse DC magnetron sputtering in apparatus 10. 

[0052] Pulsed DC power supply 14 can be any pulsed DC power supply, for example an AE 

Pinnacle plus lOK by Advanced Energy, Inc. With this example supply, up to 10 kW of pulsed 

DC power can be supplied at a frequency of between 0 and 350 KHz. The reverse voltage is 

10% of the negative target voltage. Utilization of other power supplies will lead to different 

pow«:?r characteristics, frequency characteristics and reverse voltage percentages. The reverse 

time on this embodiment of power supply 14 can be adjusted between 0 and 5 µs. 

[0053] Filter 15 prevents the bias power from power supply 18 from coupling into pulsed DC 

power supply 14. In some embodiments, power supply 18 is a 2 MHz RF power supply, for 

example can be a Nova-25 power supply made by ENI, Colorado Springs, Co. 

[0054] .Therefore, filter 15 is a 2 MHz band rejection filter. In some embodiments, the band 
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width of the filter can be approximately 100 kHz. Filter 15, therefore, prevents the 2 MHz 

power from the bias to substrate 16 from damaging power supply 18. 

[0055) However, both RF and pulsed DC deposited films are not fully dense and most likely 

have columnar structures. These columnar structures are detrimental for optical wave guide 

applications due to the scattering loss caused by the structure. By applying a RF bias on wafer 

16 during deposition, the deposited film can be dandified by energetic ion bombardment and the 

columnar structure can be substantially eliminated. 

[0056) In the AKT-1600 based system, for example, target 12 can have an active size of about 

675.70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have dimension about 

400 X 500 mm. The temperature of substrate 16 can be held at between -SOC and 500C. The 

distance between target 12 and substrate 16 can be between about 3 and about 9 cm. Process gas 

can be inserted into the chamber of apparatus 10 at a rate up to about 200 seem while the 

pressure in the chamber of apparatus 10 can be held at between about . 7 and 6 millitorr. Magnet 

20 provides a magnetic field of strength between about 400 and about 600 Gauss directed in the 

plane of target 12 and is moved across target 12 at a rate ofless than about 20-30 sec/scan. In 

some embodiments utilizing the AKT 1600 reactor, magnet 20 can be a race-track shaped 

magnet with dimension about 150 mm by 600 mm. 

[0057) A top down view of magnet 20 and wide area target 12 is shown in Figure 2. A film 

deposited on a substrate positioned on carrier sheet 17 directly opposed to region 52 of target 12 

has good thickness uniformity. Region 52 is the region shown in Figure lB that is exposed to a 

uniform plasma condition. In some implementations, carrier 1 7 can be coextensive with region 

52. Region 24 shown in Figure 2 indicates the area below which both physically and chemically 

uniform deposition can be achieved, where physical and chemical uniformity provide refractive 

index uniformity, for example. Figure 2 indicates that region 52 of target 12 that provides 

thickness uniformity i~, in general, larger than region 24 of target 12 providing thickness and 

chemical uniformity. In optimized processes, however, regions 52 and 24 may be coextensive. 

[0058] In some embodiments, magnet 20 extends beyond area 52 in one direction, the Y 

direction in Figure 2, so that scanning is necessary in only one direction, the X direction, to . 

provide a time averaged uniform magnetic field. As 'shown in Figures lA and lB, magnet 20 

can be scanned over the entire extent of target 12, which is larger than region 52 of uniform 
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sputter erosion. Magnet 20 is moved in a plane parallel to the plane of target 12. 

[0059] The combination of a uniform target 12 with a target area 52 larger than the area of 

substrate 16 can provide films of highly uniform thickness. Further, the material properties of 

the film deposited can be highly uniform. The conditions of sputtering at the target surface, such 

as the uniformity of erosion, the average temperature of the plasma at the target surface and the 

equilibration of the target surface with the gas phase ambient of the process are uniform over a 

region which is greater than or equal to the region to be coated with a uniform film thickness. In 

addition, the region of uniform film thickness is greater than or equal to the region of the film 

which is to have highly uniform optical properties such as index of refraction, density, 

i __ y transmission or absorptivity. 

[0060] Target 12 can be formed of any materials, but is typically metallic materials such as, for 

example, combinations of Al and Si. Therefore, in some embodiments, target 12 includes a 

metallic target material formed from intermetalic compounds of optical elements such as Si, Al, 

Er and Yb. Additionally, target 12 can be formed, for example, from materials such as La, Yt, 

Ag, Au, and Eu. To form optically active films on substrate 16, target 12 can include rare-earth 

ions. In some embodiments of target 12 with rare earth ions, the rare earth ions can be pre

alloyed with the metallic host components to form intermetalics. See the '247 application. 

[0061] In several embodiments of the invention, material tiles are formed. These tiles can be 

mounted on a backing plate to form a target for apparatus 10. Figure 3A shows an embodiment 

of target 12 formed with individual tiles 30 mounted on a cooled backplate 25. In order to form 

a wide area target of an alloy target material, the consolidated material of individual tiles 30 

should first be uniform to the grain size of the powder from which it is formed. It also should be 

formed into a structural material capable of forming and finishing to a tile shape having a surface 

roughness on the order of the powder size from which it is consolidated. A wide area sputter 

cathode target can be formed from a close packed array of smaller tiles. Target 12, therefore, 

may include any number of tiles 30, for example between 2 to 20 individual tiles 30. Tiles 30 are 

finished to a size so as to provide a margin of non-contact, tile to tile, 29 in Figure 3A, less than 

about 0.01 O" to about 0.020" or less than half a millimeter so as to eliminate plasma processes 

between adjacent ones of tiles 30. The distance between tiles 30 of target 12 and the dark space 

anode or ground shield 19, in Figure lB can be somewhat larger so as to provide non contact 

assembly or provide for thermal expansion tolerance during process chamber conditioning or 
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operation. 

[0062] Several useful examples of target 12 that can be utilized in apparatus 10 according to the 

present invention include the following targets compositions: (Si/ Al/Er/Yb) being about 

(57.0/41.4/0.8/0.8), (48.9/49/1.6/0.5), (92/8/0/0), (60/40/0/0), (50/50/0/0), (65/35/0/0), 

(70/30/0,0), and (50,48.5/1.5/0) cat.%, to list only a few. These targets can be referred to as the 

0.8/0.8 target, the 1.6/.5 target, the 92-8 target, the 60-40 target, the 50-50 target, the 65-35 

target, the 70-30 target, and the 1.5/0 target, respectively. The 0.8/0.8, 1.6/0.5, and 1.5/0 targets 

can be made by pre-alloyed targets formed from an atomization and hot-isostatic pressing 

(HIPing) process as described in the '247 application. The remaining targets can be formed, for 

example, by HIPing. Targets formed from Si, Al, Er and Yb can have any composition. In some 

embodiments, the rare earth content can be up to 10 cat. % of the total ion content in the target. 

Rare earth ions are added to form active layers for amplification. Targets utilized in apparatus 

I 0 can have any composition and can include ions other than Si, Al, Er and Yb, including: Zn, 

Ga, Ge, P, As, Sn, Sb, Pb, Ag, Au, and rare earths: Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy Ho, Er, 

Tm Yb and Lu. 

[0063] Optically useful materials to be deposited onto substrate 16 include oxides, fluorides, 

sulfides, nitrides, phosphates, sulfates, and carbonates, as well as other wide band gap 

semiconductor materials. To achieve uniform deposition, target 12, itself can be chemically 

uniform and of uniform thickness over an extended area. 

[0064] Target 12 can be a composite target fabricated from individual tiles, precisely bonded 

together on a backing plate with minimal separation, as is discussed further with respect to 

Figure 3. In some embodiments, the mixed intermetalllics can be plasma sprayed directly onto a 

backing plate to form target 12. The complete target assembly can also includes structures for 

cooling the target, embodiments of which have been described in U.S. Patent No. 5,565,071 to 

Demaray et al, and incorporated herein by reference. 

[0065] Substrate 16 can be a solid, smooth surface. Typically, substrate 16 can be a silicon 

wafer or a silicon wafer coated with a layer of silicon oxide formed by a chemical vapor 

deposition process or by a thermal oxidation process. Alternatively, substrate 16 can be a glass, 

such as Coming 1737 (Coming Inc., Elmira, NY), a glass-like material, quartz, a metal, a metal 

oxide, or a plastic material. Substrate 16 can be supported on a holder or carrier sheet that may 
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be larger than substrate 16. Substrate 16 can be electrically biased by power supply 18. 

[0066] In some embodiments, the area of wide area target 12 can be greater than the area on the 

carrier sheet on which physically and chemically uniform deposition is accomplished. Secondly, 

in some embodiments a central region on target 12, overlying substrate 16, can be provided with 

a very uniform condition of sputter erosion of the target material. Uniform target erosion is a 

consequence of a uniform plasma condition. In the following discussion, all mention of uniform 

condition of target erosion is taken to be equivalent to uniform plasma condition. Uniform target 

erosion is evidenced by the persistence of film uniformity throughout an extended target life. A 

uniformly deposited film can be defined_ as a film having a nonuniformity in thickness, when 

measured at representative points on the entire surface of a substrate wafer, of less than about 5 

% or 10%. Thickness nonuniformity is defined, by convention, as the difference between the 

minimum and maximum thickness divided by twice the average thickness. If films deposited 

from a target from which more than about 20 % of the weight of the target has been removed 

continue to exhibit thickness uniformity, then the sputtering process is judged to be in a 

condition of uniform target erosion for all films deposited during the target life. 

[0067] As shown in Figure lB, a uniform plasma condition can be created in the region between 

target 12 and substrate 16 in a region overlying substrate 16 .. A plasma 53 can be created in 

region 51, which extends under the entire target 12. A central region 52 of target 12, can 

experience a condition of uniform sputter erosion. As discussed further below, a layer deposited 

on a substrate placed anywhere below central region 52 can then be uniform in thickness and 

other properties (i.e., dielectric, optical index, or material concentrations). 

[0068] In addition, region 52 in which deposition provides uniformity of deposited film can be 

larger than the area in which the deposition provides a film with uniform physical or optical 

properties such as chemical composition or index of refraction. In some embodiments, target 12 

is substantially planar in order to provide uniformity in the film deposited on substrate 16. In 

practice, planarity of target 12 can mean that all portions of the target surface in region 52 are 

within a few millimeters of a planar surface, and can be typically within 0.5 mm of a planar 

surface. 

[0069] Other approaches to providing a uniform condition of sputter erosion rely on creating a 

large uniform magnetic field or a scanning magnetic field that produces a time-averaged, 
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uniform magnetic field. For example, rotating magnets or electromagnets can be utilized to 

provide wide areas of substantially uniform target erosion. For magnetically enhanced sputter 

deposition, a scanning magnet magnetron source can be used to provide a uniform, wide area 

condition of target erosion. 

[0070) As illustrated in FIG. IA, apparatus 10 can include a scanning magnet magnetron source 

20 positioned above target 12. An embodiment of a scanning magnetron source used for de 

sputtering of metallic films is described in U. S. Patent No. 5,855,744 to Halsey, et. al., 

(hereafter '744), which is incorporated herein by reference in its entirety. The '744 patent 

demonstrates the improvement in thickness uniformity that is achieved by reducing local target 

erosion due to magnetic effects in the sputtering of a wide area rectangular target. As described 

in the '744 patent, by reducing the magnetic field intensity at these positions, the local target 

erosion was decreased and the resulting film thickness nonuniformity was improved from 8%, to 

4%, over a rectangular substrate of 400 x 500 mm. 

[0071] The process gas utilized in reactor 10 includes an inert gas, typically argon, used as the 

background sputtering gas. Additionally, with some embodiments of target 12, reactive 

components such as, for example, oxygen may be added to the sputtering gas. Other gasses such 

as N2, NH3, CO, NO, C02, halide containing gasses other gas-phase reactants can also be 

utilized. The deposition chamber can be operated at low pressure, often between about .5 

millitorr and 8-10 millitorr. Typical process pressure is below about 3-5millitorr where there are 

very few collisions in the gas phase, resulting in a condition of uniform "free molecular" flow. 

This ensures that the gas phase concentration of a gaseous component is uniform throughout the 

process chamber. For example, background gas flow rates in the range of up to about 200 seem, 

used with a pump operated at a fixed pumping speed of about 50 liters/second, result in free 

molecular flow conditions. 

(0072] The distanced, in Figure lA, between target 12 and substrate 16 can, in some 

embodiments, be varied between about 4 cm and about 9 cm. A typical target to substrate 

distance d is about 6 cm. The target to substrate distance can be chosen to optimize the thickness 

uniformity of the film. At large source to substrate distances the film thickness distribution is 

dome shaped with the thickest region of the film at the center of the substrate. At close source to 

substrate distance the film thickness is dish shaped with the thickest film formed at the edge of 

the substrate. The substrate temperature can be held constant in the range of about -40 °C to 
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about 550°C and can be maintained at a chosen temperature to within about 10 °C by means of 

preheating substrate 16 and the substrate holder prior to deposition. During the course of 

deposition, the heat energy impressed upon the substrate by the process can be conducted away 

from substrate 16 by cooling the table on which substrate 16 is positioned during the process, as 

known to those skilled in the art. The process is performed under conditions of uniform gas 

introduction, uniform pumping speed, and uniform application of power to the periphery of the 

target as known to skilled practitioners. 

(0073) The speed at which a scanning magnet 20 can be swept over the entire target can be 

determined such that a layer thickness less than about 5 to 10 A, corresponding roughly to two to 

four monolayers of material,' is deposited on each scan. Magnet 20 can be moved at rates up to 

about 30 sec/one-way scan and typically is moved at a rate of about 4 sec/one-way scan. The 

rate at which material is deposited depends on the applied power and on the distance d, in Figure 

IA, between the target 12 and the substrate 16: For deposition of optical oxide materials, for 

example scanning speeds between about 2 sec/one-way scan across the target to 20-30 sec/scan 

provide a beneficial layer thickness. Limiting the amount of material deposited in each pass 

promotes chemical and physical uniformity o.f the deposited layer. 

[0074] Substrate bias has been used previously to planarize RF sputtered deposited quartz films. 

A theoretical model of the mechanism by which substrate bias operates, has been put forward by 

Ting et al. (J. Vac. Sci. Technol. U, 1105 (1978)). When power is applied to the substrate, a so

called plasma sheath is formed about the substrate and ions are coupled from the plasma. The 

sheath serves to accelerate ions from the plasma so that they bombard the film as it is deposited, 

sputtering the film, and forward scattering surface atoms, densifying the film and eliminating 

columnar structure. The effects of adding substrate bias are akin to, but more dramatic than, the 

effects of adding the low frequency RF component to the sputter source. 

[0075] Biasing substrate 16 results in the deposited film being simultaneously deposited and 

etched. The net accumulation of film at any point on a surface depends on the relative rates of 

deposition and etching, which depend respectively, on the power applied to the target and to the 

substrate, and to the angle that the surface makes with the horizontal. The rate of etching is 

greatest for intermediate angles, on the order of 45 degrees, that is between about 30 and 60 

degrees. 
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[0076] Powers to target 12 and substrate 16 can be adjusted such that the rates of deposition and 

etching are approximately the same for a range of intermediate angles. In this case, films 

deposited with bias sputtering have the following characteristics. At a step where a horizontal 

surface meets a vertical surface, the deposited film makes an intermediate angle with the 

horizontal. On a surface at an intermediate angle, there will be no net deposition since the 

deposition rate and etch rate are approximately equal. There is net deposition on a vertical 

surface. 

[0077] Target 12 can have an active size of about 675. 70 X 582.48 by 4 mm, for example, in a 

AKT-1600 based system in order to deposit films on a substrate 16 that is about 400 X 500 mm. 

The temperature of substrate 16 can be held at between -SOC and 500C. The distance between 

target 12 and substrate 16 can be between 3 and 9 cm. Process gas can be inserted into the 

chamber of apparatus 10 at a rate of between about 30 to about 100 seem while the pressure in 

the chamber of apparatus 10 can be held at below about 2 millitorr. Magnet 20 provides a 

magnetic field of strength between about 400 and about 600 Gauss directed in the plane of target 

··· 12 and is moved across target 12 at a rate ofless than about 20-30 sec/scan. 

[0078] Therefore, any given process utilizing apparatus 10 can be characterized by providing the 

power supplied to target 12, the power supplied to substrate 16, the temperature of substrate 16, 

the characteristics and constituents of the reactive gasses, the speed of the magnet, and the 

spacing between substrate 16 and target 12. 

[0079] Sputtered oxide films according to some embodiments of the present invention can be 

deposited onto a Si wafer or thermal oxide wafers at pressure of between about 3 and about 6 

mTorr. The ratio of 0 2/ Ar gas flow can be set at a value to ensure that target 12 is operating 

within a poison mode. The poison mode is defined as the ratio where the oxide is etched from 

the surface of target 12 as fast as the oxide layer is formed. Operating in the poison mode results 

in the stoichiometric film. Sub-stoichiometric oxides may not be optically transparent. The 

pulsing frequency range for power supply 14 can be from about up to about 250 KHz. The 

frequency 40 KHz is approximately the lowest frequency at which no arcing will occur during 

deposition in, for example, the AKT 1600 based system. The reverse pulsing time is determined 

by the amount of arcing generated during the process. Longer reverse time means longer 

discharge time and thus less arcs. However, if the reverse time is too long, the deposition rate 

will decrease. Power supply 18 is a 2 MHz RF power supply operated at powers up to several 
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hundred Watts. 

• 
[0080] Figure 4 shows an embodiment of a process procedure 400 performed on apparatus 10. 

In step 401, the target is prepared for the deposition. In some embodiments, target 12 can be 

cleaned by pure Ar sputtering. In other words, apparatus 10 is operated with pure Ar gas only 

(referred to as the metal mode) in order to sputter away a surface layer of target 12. 

(0081) Figure 7 shows the typical drift in the index of refraction with deposition of oxide layers 

for several different targets over different runs for each target. In Figure 7, the compositions of 

the target materials utilized in target 12 for the depositions shown are as follows: Si: 60 cat.% 

and Al: 40 cat.%; Si: 50 cat.% and Al: 50 cat.%; Si: 85 cat.% and Al: 15 cat.%; Si: 35 cat.% 

and Al: 65 cat.%; and Si: 92 cat.% and 8 cat.%. Each deposition was operated under the same 

process parameters: 4.5 kW of pulsed DC power at 200 kHz with a reverse time of2.3 µs 

applied to target 12, 0 2 flow at 44 seem, Ar flow at 30 seem introduced to apparatus 10, 100 W 

of bias power at 2 MHz applied to substrate 16, the temperature of substrate 16 held at 200° C, 

and the distance between substrate 16 and target 12 being set at 6 cm. For each target measured, 

the index drifted up during repeated utilization. 

[0082] Figure 8 shows the relationship between the index of refraction of a film deposited 

according to the present invention and the amount of aluminum in the composite target. As can 

be seen from Figure 8, the index of refraction of the deposited film depends strongly on the 

aluminum content. Therefore, as the aluminum in a metal target is depleted, the index of 

refraction drifts. In some embodiments, the ratio of Ar and 02 utilized in the process can be 

maintained to provide films of uniform index over a large number of depositions on the target. 

[0083) Reactive sputtering from a metal or metallic alloy target 12 can be characterized by two 

modes of operation. In the first mode, which is sometimes referred to as the 'metallic mode' the 

surface of target 12 is substantially metallic. This mode is' characterized by a small addition of 

reactive gas to the inert gas flow of apparatus 10 as well as a higher impedance magnetron 

discharge. It is also characterized by incomplete oxidation of film deposited on substrate 16 and 

therefore higher index films. As the proportion of reactive to inert gas is increased, the sputter 

voltage at target 12 begins to fall at constant power. 

[0084] Figure 5 shows the voltage on target 12 of an embodiment of apparatus 10 according to 
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• 
the present invention as a function of process gas constitution. In the example illustrated in 

Figure 5, for example, a metallic target with composition .8 cat.% Er, .8 cat.% Yb, 57.4 cat.% 

Si and 41 cat.% Si, which can be formed as described in the '247 application, was sputtered in 

an embodiment of apparatus 10 based on the AKT-1600 PVD system with 6 kW of pulsed DC 

power at a frequency of 120 kHz and a reverse time of2.3 micro seconds. The Argon gas flow 

was set at 60 seem and the Oxygen gas flow was varied from zero up to 40 seem. For more 

details regarding this deposition, see Example 1 below. 

[0085] As shown in Figure 5, the voltage on target 12 during deposition (the "target voltage") 

was constant at about 420 Volts for oxygen flow rates up to about 20 seem. This is clearly the 

metallic mode of operation for this embodiment of target 12. Films deposited in this range of 

oxygen flow are characterized as metallic with an oxygen content that increases with oxygen 

flow rate during deposition. As the oxygen flow is increased up to about 26 seem, the voltage on 

target 12 begins to decrease, indicating that the surface of target 12 is beginning to form an oxide 

layer. The oxide layer on the surface of target 12 has a higher secondary electron yield under the 

influence of the Argon ion flux. The additional electron flux to the magnetron electron trap 

increases the ion production in the plasma, which, in tum, decreases the impedance of the plasma 

discharge in apparatus 10. 

[0086] At slightly higher oxygen flow during deposition, the oxide layer on target 12 forms a 

continuous layer and the voltage of target 12 during deposition falls rapidly to the range of about 

190 to about 270 Volts, indicating complete coverage of the surface of target 12 with an oxide 

that is at least as thick as the material removed during one scan of the magnetron. Under this 

condition, the rate of oxide formation on the surface of target 12 equals or exceeds the rate of 

sputter removal of the surface of target 12 by the moving magnetron 20. This condition is 

sometimes referred to as the 'poisoned mode'. 

[0087] Under steady state DC voltage conditions, the oxide layer on target 12 soon charges up, 

leading to reduced rate of sputtering and increased micro-arc discharging in apparatus 10. This 

discharging leads to particulation of the oxide layer on target 12, which degrades the quality of a 

film deposited on substrate 16. In the example shown with Figure 5, the negative going DC 

Voltage is reduced at a frequency of 120 kHz to a positive value for a period of about 2.3 micro 

seconds per cycle, allowing charge neutralization of the surface of target 12, increasing the 

steady state sputter and deposition rates as well as decreasing the rate of micro-arcing. 
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[00881 In the case of a magnetron configuration of magnet 20 having a significant deep local 

target erosion (rather than a configuration of magnet 20 described above which yields uniform 

target erosion), the change in the target voltage of target 12 is more gradual with increasing 

oxygen flow since it is more difficult to establish an oxide condition at the center of an intense 

region of local erosion. The resulting deposited film, however, will be rich in metallic sputtered 

flux to the substrate in the region of higher sputter erosion, leading to non uniform stoicheometry 

and non-uniform indices of refraction in a film deposited on substrate 16. In the case of a 

scanning magnetron 20 with uniform target erosion, the change in the surface condition from 

metallic to poisoned is more abrupt, as the formation rate of the oxide increases to equal the 

sputter removal of the oxide over a wide area of the target. In this case, there is uniform 

distribution of sputtered oxide from the target. Uniform stoicheometry and uniform indices of 

refraction result for the film deposited on substrate 16. 

[0089] Figure 8 shows the range of indices of refraction of films deposited for targets of 

differing silica and alumina compositions, as deposited and after a subsequent anneal step. In the 

case of a pure silicon target, the as-deposited index of refraction can be as high as 3.4 for pure 

amorphous silicon. In Figure 8, pure silica films (zero Al%} can be deposited with a reactive 

pulsed DC and substrate bias deposition according to the present invention with substantially 

complete oxygen stoicheometry, so as to approximate monolithic amorphous silica. The index 

of refraction of such films decreases with a subsequent heat treatment of between about 700-

9000 C, indicating somewhat more complete oxidation reaction of the material of the film 

together with some degree of stress relaxation of the film deposited on substrate 16. 

[0090] At the opposite extreme, a pure aluminum embodiment of target 12 (100% Al) can be 

utilized to deposit films on substrate 16 under similar process conditions as is utilized to deposit 

pure silica films on substrate 16. In the case of the pure aluminum reactive deposition, the 

dependence of the index of refraction of the film deposited on substrate 16 on oxygen flow as 

well as on the frequency of the pulsed DC process can be examined. As a result, a larger range 

of effective index of refraction is achieved together with a reduced or zero dependence of the 

index on the subsequent anneal process. Six targets having differing aluminum composition 

were utilized to evaluate the index of refraction of sputtered films on substrate 16 of related 

composition. The largest change of index with the sputtering conditions is achieved for 

composition near the middle of the Al/Si composition range (about 50% Al and 50% Si). 
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[0091 J Figure 7 shows the change in film index for oxide films for several embodiments of 

target 12 and processes with an initial 30 minutes of Argon only sputtering, followed by 

continuous deposition with an oxygen flow rate sufficient for operation in the poisonous mode. 

Note that the rate of increase in the index of refraction of a resulting film deposited on substrate 

16 with continuous poisoned mode deposition is proportional to the concentration of aluminum 

in the composition of target 12. This result is due to the depletion of the aluminum from the 

target surface during the metallic sputtering or pre-condition process. The aluminum in target 12 

is preferentially sputtered over the silicon in target 12, leaving the surface of target 12 rich in 

silicon. At the onset of poisoned mode sputtering, the film deposited on substrate 16 is rich in 

silica and demonstrates a systematic and reproducible decrease in index of refraction. During 

continuous poisoned mode deposition, the silicon rich surface of target 12 can be sputtered away 

and the aluminum portion substantially returned to the bulk composition of target 12. 

Consequently, a metallic pre-condition step can be utilized to achieve a subsequent process for 

the deposition of a film having an increasing index of refraction under conditions of oxide/metal 

stoicheometry. 

[0092] In step 402 of Figure 4, substrate 16 is prepared. Substrate 16 can be mounted on carrier 

sheet 17 and placed in apparatus 10. In step 403, gas flow parameters are adjusted for the 

particular deposition to be performed. The constituency and flow rates of the process gas are 

fixed. In some embodiments, the ratio of Ar and 0 2, for example, can be set and the flow rate of 

each gas set. Further, the combination of flow rate and vacuum system of apparatus 10 

determines the pressure during deposition in apparatus 10. 

[0093] In step 404, the substrate temperature is set. Substrate 16 may be brought to 

temperature over a period of time. In step 405, the scan characteristics of magnet 20 are fixed. 

In step 406, the power setting for power supply 18 is set. Finally, in step 407, the parameters of 

pulsed DC power supply 14 is set, including the power, frequency, and reverse pulsing time. In 

step 408, then, a film that depends on the parameters of reactor apparatus 10 is deposited on 

substrate 16. In some embodiments, films deposited by procedure 400 are thermally annealed 

after deposition. 

[0094] Figure 4 illustrates an example deposition process only. Embodiments of deposition 

processes according to the present invention can be performed in various different orders. 
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[0095] Figure 9 shows a chart of various deposition parameters according to the present 

invention for various embodiments of target 12 and the indices of refraction, both before and 

after an anneal step, for the resulting deposited film on substrate 16. Each deposition was 

accomplished with an embodiment of apparatus 10 based on the AKT 1600 PVD reactor. 

Anneals were accomplished at 725° C for 30 min. Specific examples of particular depositions 

and characteristics of the resulting films deposited on substrate 16 are further discussed below. 

[0096] Figure 10 shows the dependence of the index of refraction of silica layers deposited 

according to the present invention with process conditions. Figure 11 shows the dependence of 

index of refraction on the 02/ Ar flow ratio for the deposition of pure alumina according to the 

present invention. Figure 12 shows the dependence of index for pure alumina films on the 

frequency of the pulsed DC power applied to target 12. Both parameters can be utilized to 

reliably control the index of refraction of films deposited on substrate 16 over a range of index 

values without the use of an additional cationic species, a so called 'dopant'. A third process 

parameter that can be utilized to adjust the index of refraction of a film deposited on substrate 16 

is the bias power applied to substrate 16. Increasing the oxygen flow ratio, the frequency of the 

pulsed DC power applied to target 12 or the bias power applied to substrate 16 will 

systematically increase the index of refraction of the alumina film deposited on substrate 16. In 

the case of pure alumina films, minor to no change in the index occurs due to a subsequent 

anneal process. 

[0097] Figure 13 shows the index of refraction of a film deposited on substrate 16 from an 

embodiment of target 12 with about 92 cat.% of Si and about 8 cat.% of Al for a series of 

sequential depositions in an embodiment of apparatus 10 based on the AKT 4300 PVD reactor, 

each following a metallic process condition. For constant high oxygen flow conditions, a small 

upward trend in the index of refraction is observed. As is generally true, the index of films 

deposited with higher substrate bias power is systematically lower than films deposited without 

substrate bias. 

[0098] Figure 14 shows the upward trend of the index of refraction after metallic mode 

precondition of an embodiment of target 12 having composition of about 83 cat.% Si and about 

17 cat. % Al for a series of depositions in an embodiment of apparatus 10 based on the AKT 

1600 PVD reaction. As is shown in Figure 14, longer metallic preconditioning oftarget 12 

results in the index of refraction of the films deposited on substrate 16 having a higher rate of 
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increase than for cases with less prolonged metallic preconditioning of target 12. The vertical 

lines on Figure 14 indicate places where target 12 was preconditioned with only Ar for the 

indicated periods of time. Figure 15 shows a decrease in the change in index for sequential films 

with this embodiment of target 12 deposited with reduced-0xygen flow rates at a constant total 

pressure. A flow rate for oxygen was determined so that the run to run variation for the index of 

refraction of the film deposited on substrate 16 from this target was about .0001 (see the circled 

data points on the graph of Figure 15) which is similar to the variance of the index over the entire 

wafer of substrate 16, which is about 70 parts per million. 

[0099] In some embodiments, films deposited by a pulsed DC biased method according to 

the present invention are uniformly amorphous throughout their thickness. As has been 

discussed above, biasing of substrate 16 leads to densification and uniformity in the deposited 

film. Figures 16A through 16D show a TEM photograph of a film 1601 deposited according to 

the present invention. Further, diffraction patterns shown in Figures 16B, 16C -and 16D at points 

a, band c, respectively, in deposited film 1601 show that the film is ammorphous through the 

thickness of the film. The diffraction patterns of Figures 16B, 16C and 16D show no effects of 

crystallization. Further, the smoothness of the surface of film 1601 indicates a defect free film. 

The film deposited in Figure 16A is deposited with an 0.8/0.8 target (i.e., a target having the 

composition 52.0 cat.% of Si, 41.0 cat.% of Al, 0.8 cat.% of Er and 0.8 cat.% of Yb). The 

film is deposited at 6 kW of 120 kHz pulsed DC power with a reverse time of 2.3 µs. The Argon 

and Oxygen flow rates are 60 seem and 28 seem, respectively. Substrate 16 is biased with 100 

Wofpower. 

[0100] Figure 17 shows the optical loss per centimeter, measured at 1310 nm, using a three 

prism coupling to the so called slab mode of the film on a 10 micron oxide, silicon wafer. As 

deposited the biased, pulsed DC film from a 60 cat. % Si and 40 cat. %Al film demonstrated 

about .1 dB/cm loss. After an 800° C anneal in air, the loss was less than the measurement 

sensitivity of the prism coupling method. This data clearly demonstrates that films deposited 

according to embodiments of the present invention can be used for the purpose of constructing 

low loss planar light wave circuits. 

[0101] Deposition of films according to the present invention can be utilized to deposit cladding 

layers, active core layers, and passive core layers of an optical amplifier structure or optical 
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waveguide structure. In some applications, for example multiplexer structures, the separation 

between adjacent waveguides can be small, for example about 8 µm. In some embodiments, the 

deposition parameters of the upper cladding layer can be adjusted to not only adjust the index of 

refraction of the layer, but also to insure that the spacing between adjacent waveguides is small. 

[0102) Figure 18 shows an example planarization deposition over a multiplexer structure. In the 

particular example of upper cladding layer 1803 shown in Figure 18, the deposition parameters 

from a 92 cat.% Si and 8 cat.% AI is: 5.5 Kw of Pulsed DC power applied at 200 KHz with 2.2 

µs of reverse time, gas flow of75 seem Ar and 100 seem 0 2, a substrate bias of 650 W (at 2 

MHz), and a substrate temperature of200 °C. Layer 1803 was deposited with an AKT 4300 

based embodiment of apparatus 10. As shown in Figure 18, the layer thickness in areas other 

than over waveguide structures 1801 and 1802 is 11.4 µm. Waveguide structures 1801 and 1802 

are 8.20 µm high waveguides and separated by 6.09 µm at the base and by 8.40 µm at their top. 

In Figure 18, the undercladding layer 1804 is about 1.98 µm thick. 

[0103] Figure 19 illustrates deposition of material over a structure. Upper cladding layer 1803, 

in region 1901, will be angled from the horizontal by an angle e. The deposition and etching 

rates of a deposited layer depends on the angle e. Figures 20 and 21 illustrate different cases of 

deposition and etch rates as a function of the angle e. The relationship between the rate of 

deposition and the etch rates can be adjusted by adjusting the deposition parameters. For 

example, the bias power to substrate 16 can be adjusted to control the relationship between the 

etch rates and deposition rates of material. 

[0104] Figure 22 illustrates deposition rates over a structure 2201 as a function of time. In 

Figure 2201, his the thickness deposited over structure 2201. The planarization when layer 

1803 becomes flat. 

[0105) The time for planarization can be estimated as 

w 
-tana+H 

t =-2 ____ _ 
P a min 

a --
flat cosa 

where W is the width of structure 2201, H is the height of structure 2201, aflat refers to the 
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accumulation rate on the flat surface, amin refers to the accumulation rate on the minimum 

accumulation slope, and a is the surface angle from the horizontal plane of the minimum 

accumulation slope. 

[0106] Figure 23 shows a deposited film 1803 as shown in Figure 18, except that the bias power 

to substrate 16 is set to 400 Winstead of 650 W. As can be seen in Figure 23, a keyhole 2301 is 

formed with an incomplete filling ofuppercladding layer 1803 between structures 1801 and 

1802 .. Deposition of uppercladding layer 1803 substantially follows the trends illustrated in 

Figures 19 through 22. 

[0107] Figure 24 shows deposition as shown in Figure 18, except that the bias power to substrate 

16 is set to 600 W instead of 650 W. As can be seen in Figure 24, keyhole 2301 has closed 

leaving a small line defect 2401 in the fill. 

[0108] Figure 28 shows deposition as shown in Figure 18, except that the bias power to substrate 

16 is set to 900 Winstead of 650 W. As can be seen in Figure 28, the etch rate has been 

increased to such an extent that the comers of structures 1801 and 1802 have been etched to form 

slopes 2501 and 2502, respectively. 

(0109] Therefore, as illustrated in figures 18 through 25, an uppercladding layer can be 

deposited in accordance with the present invention such that it fills the space between adjacently 

placed waveguides. In general, the parameters can be optimized for index control and the bias 

power to substrate 16 can be adjusted for fill. In some embodiments, other parameters (e.g., the 

constituency of process gas, frequency and power of pulsed DC power source 14, and other 

parameters) in order to adjust the deposition and etch rates and thereby effectively planarize the 

structure as described. 

[011 O] Therefore, depositions of various films in embodiments of apparatus 10 according to the 

present invention with several embodiments of target 12 and the effects on index of refraction, 

uniformity of films, and fill characteristics of varying several of the process parameters has been 

discussed above. In some embodiments, stress effects due to wafer bowing of substrate 16 can 

also be reduced. Wafer bowing of substrate 16 can be reduced, reducing the stress in a film 

deposited on substrate 16, by, for example, depositing a film on the backside of substrate 16 

before deposition of a film on substrate 16. In some embodiments, a film having a similar 
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thickness of a similar layer of material can be deposited on backside of substrate 16 prior to 

deposition of the film on substrate 16 according to the present invention. The wafer bowing 

resulting from differing thermal expansions of the film and substrate 16 is therefore countered by 

a similar stress from another film deposited on the backside of substrate 16. 

[0111] Several specific examples film depositions utilizing apparatus 10 are discussed below. 

Further, examples of optical amplifiers produced utilizing the ceramic tiles according to the 

present invention are presented. These examples are provided for illustrative purposes only and 

are not intended to be limiting. Unless otherwise specified, apparatus 10 utilized in the 

following examples was based on the AKT 1600 reactor. Further, unless otherwise specified, the 

temperature of substrate 16 was held at about 200° C and the distance between substrate 16 and 

target 12 was 4 s/scan. The separation between substrate 16 and target 12 is about 6 cm. 

EXAMPLE 1 

[0112] An AKT 1600 based reactor can be utilized to deposit a film. In this example, a wide 

area metallic target of dimension 550X 650 mm with composition (Sil Al/Er/Yb) being about 

57.0 cat.% Si, 41.4 cat.% Al, 0.8 cat.% Er, and 0.8 cat.% Yb (a ".8/.8" target) was fabricated 

as described in the '247 patent. 

[0113] In step 402, a 150 mm P-type silicon wafer substrate was placed in the center of a 

400x500 mm glass carrier sheet 17. Power supply 14 was set to supply 6000 watts of pulse DC 

power at a frequency of 120.KHz with a reverse pulsing time of about 2.3us. Magnet 20, which 

is a race-track shaped magnet of approximate dimension 150mmx600mm, was swept over the 

backside of the target at a rate of about 4 seconds per one-way scan. The temperature of 

substrate 16 was held at 200C and 1 OOW of 2 MHz RF power was applied to substrate 16. The 

target 12 to substrate 16 distance was about 6.5 cm. The sputtering gas was a mixture of Argon 

and Oxygen. Substrate 16 and carrier 17 was preheated to 350° C for at least 30min prior to 

deposition. The active film was deposited in the poison mode. Deposition efficiency was 

approximately 1 um/hr. 

[0114] Figure 5 shows the hysteresis curve of this particular embodiment of target 12. When 

target 12 under goes the transitioA from metallic to poison mode, the target voltage drops from 
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an average of about 420V to an average of about 260V. Before each film deposition, in step 

401, target 12 is cleaned by pure Argon sputtering in the metallic mode. Then target is then 

conditioned in poison mode with the oxygen flow much higher than the flow required at the 

transition region. 

[0115] Tables lA through 1 C shows some effects on the deposited films of depositions with the 

0.8/0.8 target under different operating conditions. Table lA includes photoluminescence 

(pumped at 532 nm) and index of refraction for films deposited on substrate 16 with different 

Ar/02 gas flow ratios with no bias power applied to substrate 16. 

Table lA 

Target Ar/02 Frequency Reverse Bias (W) PUum Index 
Power (KHz) Pulsing (532nm) 
(KW) Time (us) 
6 30/42 200 2.3 0 1973 1.5142 
6 30136 200 2.3 0 2358 1.5215 
6 60130 200 2.3 0 3157 1.5229 
6 60/28 200 2.3 0 3421 1.5229 

[0116] Table lB shows the variation in photoluminescence (pumped at 532 nm) and index of 

refraction of the film deposited on substrate 16 with deposition processes having with the same 

Ar/02 ratios but different pulsed DC power frequencies from power supply 14. 

Table lB 

Target Ar/02 Frequency Reverse Bias (W) PL/um Index 
Power (KHz) Pulsing (532nm) 
(KW) Time (us) 
3 60/28 100 2.3 100 1472 1.5146 
4 60/28 75 3.5 100 2340 1.5189 
6 60/28 120 2.3 100 5178 1.5220 

[0117] Table 1 C shows the photoluinescence and index as deposited where the bias power to 

substrate 16 is varied. 
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Table IC 

Target 
Power 
(KW) 
6 
6 
6 
6 

Ar/02 Frequency 
(KHz) 

60/28 200 
60/28 200 
60/28 200 
60/28 200 

Reverse Bias (W) PVum Index 
Pulsing (532nm) 
Time (us) 
2.3 0 3657 1.5230 
2.3 100 2187 1.5244 
2.3 200 3952 1.5229 
2.3 300 5000 1.5280 

(0118] The photoluminescence values can be measured with a Phillips PL-100. The deposited 

film can be pumped with a 532 nm laser and the luminescence at 980 is measured. The index is 

the index of refraction. Typically, films deposited are annealed in order to activate the erbium. 

Figure 6 shows the photoluminescence and lifetime versus anneal temperature for a typical film 

deposited as described in this example. 

e5 EXAMPLE2 

(0119] A waveguide amplifier can be deposited according to the present invention. An 

embodiment of target 12 having composition 57.4 cat.% Si, 41.0 cat.% Al, 0.8 cat.% Er 0.8 cat. 

% Yb (the ".8/.8 target") can be formed as disclosed in the '245 application. The Er-Yb (0.8/0.8) 

co-doped Alumino-Silicate film was deposited onto a 6 inch wafer of substrate 16 which 

includes a 10 µm thick thermal oxide substrate, which can be purchased from companies such as 

Silicon Quest futemational, Santa Clara, CA. Target 12 was first cleaned by sputtering with Ar 

(80 seem) only in the metallic mode. Target 12 was then conditioned in poison mode by flowing 

60 seem of Argon and 40 seem of oxygen respectively. The power supplied to target 12 during 

conditioning was kept at about 6 kW. 

[0120) An active core film was then deposited on substrate 16. The thickness of the deposited 

film is approximately 1.2 µm. The deposition parameters are shown in Table 2. 

Table 2. 
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. Target Power 
(KW) 

6 

Ar/02 (seem) 

60/28 

Pulsing Bias (W) Reverse pulsing 
Frequency time (us) 
(KHz) 
120 100 2.3 

(0121] A straight waveguide pattern can then formed by standard photolithography techniques. 

The active core was etched using reactive ion etch followed by striping and cleaning. Next, a 10 

µm top cladding layer is deposited using a similar deposition process according to the present 

invention. An embodiment of target 12 with composition 92 cat. % Si and 8 cat. % Al as shown 

in Figure 9 to form the top cladding layer. The index difference between the top cladding layer 

and the active layer is about 3.7%. The amplifier is then annealed at 725° C for about 30 min 

(see Figure 6, for example). 

[0122] The erbium excited-state lifetime and the up-conversion coefficient were measured to be 

3ms and 4.5 x 10-18 cm3/s, respectively. A net gain of about 4dB for small signal (about -20 

dBm) with fiber to waveguide and to fiber coupling was obtained. Waveguide length was lOcm 

and the width was about 1.5 to 8 µm. The coupling loss between the fiber and the waveguide is 

3-4 dB/facet, and passive excess loss is 0.1-0.2 dB/cm for 3um waveguide. The waveguide was 

both co- and counter pumped with 150 mW 980nm laser per facet. 

EXAMPLE3 

[0123) This example describes production of a dual core ErbiurnNttrbium co-doped amplifier 

according to the present invention. In one example, substrate 16 is a silicon substrate with an 

undercladding layer of thermally oxidized Si02 of about 15 µm thick. Substrate 16 with the 

thermal oxide layer can be purchased from companies such as Silicon Quest International, Santa 

Clara, CA. A layer of active core material is then deposited on substrate 16 with a Shadow Mask 

as described in the '138 application. Use of a shadow mask results in a vertical taper on each 

side of a finished waveguide which greatly enhances the coupling of light into and out of the 

waveguide. 
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[0124] Active core layer is deposited from a 0.8/0.8 target as described in the '247 application 

having composition 57.4 cat. % Si, 41.0 cat. % Al, 0.8 cat. % Er, and 0.8 cat. % Yb. The 

deposition parameters are identical to that of Example 2 described above. The active layer is 

deposited to a thickness of about 1.2 µm. 

[0125] A passive layer of aluminasilicate is then deposited over the active layer. A passive layer 

of about 4.25 µm thickness can be deposited with an embodiment of target 12 having 

composition of Si/ Al of about 87 cat. % Si and about 13 cat. % Al. The passive layer and active 

layer are then patterned by standard lithography techniques to form a core that has a width of 

about 5.0 µm for the active core and tapering to about 3.5 µmat the top of the passive core with 

an effective length of about 9 .3 cm. 

[0126] Upper cladding layer is then deposited from a Si/Al ~arget of 92 cat.% Si and 8 cat.% 

Al. Deposition of the upper cladding layer is shown in Figure 9. In some embodiments, the 

upper cladding layer can be deposited with a non-biased process. The thickness of the upper 

cladding layer can be about 10 µrn. The amplifier formed by this process is then annealed at 

725° C for about 30 min. 

[0127] The as-deposited Erbium and Ytterbium concentrations in the active layer of core 303 is 

2.3 X 1020 cm-3 Erbium concentration and 2.3 X 1020 cm-3 Ytterbium concentration. The index 

of the core is l .508·and the index of cladding layers are 1.4458 for undercladding layer 302 and 

1.452 for uppercladding layer 304. The parameter .6.n/n is therefore about 5.0%. 

(0128] A reverse taper mode size converter, see the '138 application, is utilized for coupling 

light into waveguide amplifier 300. The insertion loss at 1310 nm is about 2 dB. Figure 26 

shows the amplifier performance of this example. In Figure 26, amplifier 300 is pumped with 

150 mW from one side pumping with 984 nm light. Gain flattening is achieved within about 1 

dB in the range 1528 nm to 1562 nm for small input signals (-20 dBm). For large input signals 

(0 dBm), gain flattening is also achieved within about 1 dB. 

EXAMPLE4 
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[0129) Another example of production of a waveguide amplifier is described here. Again, 

substrate 16 can be a Si wafer with about a 15 µm thick thermal oxide as can be purchased from 

Silicon Quest International, Santa Clara, CA. The embodiment of target 12 for the deposition of 

the active core can have a composition of about 50 cat. % Si, 48.5 cat. % Al, 1.5 cat. % Er (the 

"1.5/0" target), which can be fabricated as discussed in the '138 application. Target 12 was first 

cleaned by sputtering with Ar (80 seem) only in the metallic mode. Target 12 was then 

conditioned in poison mode by flowing 60 seem of Argon and 40 seem of oxygen respectively. 

[0130) The pulsed DC power supplied to target 12 was about 6 kW. Whenever a brand new 

target was used or when the target has been expose to atmosphere, a long time of condition (for 

example more than 30hrs of conditioning) may be necessary to ensure films with the best active 

core property (longest life time and highest photoluminescence) are deposited. Substrate 16 is 

then preheat at about 350° C for about 30min before deposition. 

[0131] The active core film was deposited onto a 6 inch thermal oxide wafer, which has been 

previously discussed, from the 1.5/0 target. The thermal oxide thickness was about 10 µm as 

described in previous examples. The active core is deposited to a thickness of about 1.2 µm with 

a deposition time of approximately 1 hr. The process condition are as listed in Table 4 below. 

Table 3 

Target Power Ar/02 (seem) Pulsing Bias (W) Reverse pulsing 
(KW) Frequency time (us) 

(KHz) 
6 60/28 120 100 2.3 

[0132} A straight waveguide pattern can then be formed by a standard photolithography 

procedure. The active core was etched using reactive ion etch followed by striping and cleaning. 

Finally, a 10 µm top cladding layer is deposited using a similar process. A target having 

composition 92 cat. % Si and 8 cat. % Al with deposition parameters as described in Figure 9 

was used to deposit the top cladding. The difference between the index of refraction between the 

core and the cladding is then about 3. 7%. 
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[0133) ln this example, annealing of the amplifier structure was performed at various anneal 

temperatures. The results of the various anneals are shown graphicalJy in Figures 27 and 28. 

Figure 27 shows both internal gain in the C-band and insertion loss at 1310 nm of a 2.5µm wide, 

10.1 cm long waveguide as deposited in this example as a function of annealing temperature. 

The life time in ms and up-conversion constants in cm-3 /s measurements for the deposited active 

core film at different annealing temperature are shown in Figure 28. 

EXAMPLE 5 

[0134] One of the problems encountered during the reactive sputtering from an alloy metallic 

target is that the film composition drifts from run to run due to the difference in sputtering yields 

from the elements that forms the target alloy. For example, with Ar as a sputtering gas, the 

sputtering yield of Aluminum is about 3-4 times that of Silicon, while sputtering yield of 

Alumina is only about 50% that of Silica. Therefore, during the metal bum in; more Aluminum 

is sputtered from the target, resulting in a Si rich target surface. When sputtering in the poison 

mode, more Silica will be removed from target. Thus, as deposition goes on, the composition of 

the film deposited on substrate 16 will drift from lower Alumina concentration to higher 

Alumina concentration. This results in the index of refraction of a film drifting up with 

subsequent depositions from a target 12, as is shown for the deposition described in Example 4 

in Figure 29. Figure 30 shows the drift in photoluminescence pumped at 532 nm with 

subsequent depositions. Figure 31 shows drift in the excited state lifetime with subsequent 

depositions from a target. The embodiment of target 12 utilized in Figures 29 through 31 is the 

1.5/0 target and the deposition parameters are as described above in Example 4. 

[0135) The drift can be stabilized by recondition target 12 prior to deposition. The recondition 

process (or bum in) consists of both sputtering in metallic mode and then sputtering in poison 

mode to condition target 12. The bum in time in metallic mode needs to be as short as possible 

and at the same time insure no arcing during the poison mode deposition. Figure 32 shows the 
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much improved drift in the index of refraction and the photoluminescence when target 12 is 

reconditioned between subsequent depositions. 

EXAMPLE 6 

[0136] This example describes the fabrication of another Er-Yb codoped waveguide amplifier 

according to the present invention. The active core is deposited with an embodiment of target 12 

with composition about 49 cat. o/o Si, 48 cat. 0/o Al, 1.6 cat.% Er and 0.5 cat. 0/o Yb, which 

can be fabricated as described in the '247 application. Target 12 was first cleaned by sputtering 

with Ar (80 seem) only in the metallic mode. Target 12 was then conditioned in poison mode by 

flowing 60 seem of Argon and 40 seem of oxygen respectively. The pulsed DC power supplied 

to target 12 was kept at 5 kW. Table 4 shows photoluminescence and index of refraction of as

deposited films from this example at some typical process conditions. The units for 

photoluminescence are the number of counts per micron. Lifetime and photoluminescence 

measured after annealing at various different temperatures are shown in Table 5. 

Target4 

Target Ar/02 Pulsing Bias Reverse 532nm Index 
Power (seem) Frequency (W) pulsing time PL/um 
(KW) (KHz) (us) 
5 60/34 120 100 2.3 3367 1.5333 
5 60130 120 100 2.3 3719 1.5334 

Table 5 

Anneal Temperature °C Life Time {ms} PL (532nm)/um 
72~ 3 7000 
77~ 3 7000 
800 .'1 7500 
82~ 4.i 8560 
85( 5.~ 10000 
900 6.9 17000 

[0137] A waveguide amplifier was fabricated using this material in the similar fashion as 

described in examples 2-4. The active core was first deposited on substrate 16, which includes a 
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lOum thermal oxide layer, using the following deposition parameters: target power 5KW, 

pulsing frequency 120K.Hz, bias 1 OOW, reverse time 2.3us, Argon and Oxygen flow are 60 seem 

and 30sccm respectively. The active core thickness is deposited to a thickness about l .2µm, 

which takes approximately 1 hr. All wafers are preheated at about 350° C for 30min before 

deposition. A straight waveguide pattern is then formed by standard photolithography 

procedure. The active core was etched using reactive ion etch following by striping and 

cleaning. Next, a 1 Oµm top cladding layer is deposited using similar process. The "92/8" (92 

cat. % Si and 8 cat. % Al) metallic target was used to deposit top clad according to deposition 

parameters shown in Figure 9, resulting in a 4 % index difference between active core and 

cladding. The wave guide was then annealed at 800° C for about 30 min. 

[0138] This waveguide was tested for gain using the method described in previous examples. 

However no net gain:· was observed from this waveguide since the passive loss was too high. 

:~ EXAMPLE7 

[0139] In addition to active material layers (i.e., layers having rare-earth ion concentrations), 

passive layers can also be deposited. Figure 9 shows deposition parameters for several target 

compositions, including some targets for deposition of passive (i.e., alloys of Al and Si with no 

rare earth ion concentration) layers. In this example, an embodiment of target 12 with a material 

composition of pure silicon is utilized. 

[0140] Apparatus 10 can be based on an AKT 1600 reactor and deposited with about 1 to 3 kW 

of pulsed DC target power supplied to target 12. Particular depositions have been accomplished 

at 2.5 kW and 1.5 kW. The frequency of the pulsed DC power is between about 100 and 200 

Khz. Some depositions were performed at 200 kHz while others were performed at 100 kHz. 

The reverse time was varied between about 2 µs and about 4 µs with particular depositions 

performed at 2.3 µsand 3.5 µs. The bias power to substrate 16 was set to zero. 

[0141] Index variation of Si02 films with bias to substrate 16 and deposition rates as a function 

of bias power to substrate 16 is shown in Figure 10. 
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[0142] The process gas included a mixture of Ar, N2 and 0 2 • The Ar flowrates was set at 20 

seem while the 0 2 flow rate was varied between about 5 and about 20 seem and the N 2 flow rate 

was varied from about 2 to about 35 seem. Figure 33 shows the variation in the index of 

refraction of a film deposition on substrate 16 as the 0 2/N2 ratiO is varied. 

EXAMPLES 

[0143] Alternatively, films can be deposited on substrate 16 from a pure alumina target. In an 

example deposition with an embodiment of target 12 of alumina in an embodiment of apparatus 

10 based on the AK.T 1600 reactor, the pulsed DC target power was set at 3 kW and the 

frequency was varied between about 60 kHz and 200 kHz. The reverse time was set at 2.5 µs. 

Again, no bias power was supplied to substrate 16. The 0 2 flow rate was varied from about 20 

":3 to about 35 seem, with particular depositions performed at 22 and 35 seem. The Ar flow rate 

:_;.l was set at 26 seem. A post deposition anneal of substrate 16 at 800° C for 30 min. was 

i~ performed. 

[0144] Figure 12 shows the variation of refractive index of the film deposited on substrate 16 

with varying frequency of the pulsed DC power supplied to target 12. Figure 11 shows the 

variation in refractive index of a film deposited on substrate 16 with varying 02/ Ar ratio. As can 

be seen from Figures 33, 34 and 35, the index of refraction of films deposited from alumina can 

be adjusted by adjusting the process gas constituents or by adjusting the frequency of the pulsed 

DC power supplied to target 12 during deposition. 

EXAMPLE9 

[0145] Additionally, passive films can be deposited from targets having a composition of Si and 

Al. For example, layers have been deposited from embodiments of target 12 with composition 

83 % Si and 17 % Al. About 4.5 kW of pulsed DC power at about 200 kHz frequency was 

supplied to target 12. The reverse time was about 2.2 µs. A bias power of about 150 W was 

-33-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 135 of 1543



-~ 

: . ...::: 

M-12245 US 

852923 vl 

supplied to substrate 16 during deposition. Figures 14 and 15 show variation of the index of 

refraction for subsequent runs from this target. 

[0146] The examples and embodiments discussed above are exemplary only and are not 

intended to be limiting. One skilled in the art can vary the processes specifically described here 

in various ways. Further, the theories and discussions of mechanisms presented above are for 

discussion only. The invention disclosed herein is not intended to be bound by any particular 

theory set forth by the inventors to explain the results obtained. As such, the invention is limited 

only by the following claims. 
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Claims 

We claim: 

I. A method of depositing a film on a substrate, comprising: 

providing pulsed DC power through a filter to a target; 

providing bias power to a substrate positioned opposite the target; 

providing process gas betweeffthe target and the substrate, 

wherein the filter protects a pulsed DC power supply from the bias power. 

2. The method of Claim 1, further including holding the temperature of the substrate 

substantially constant. 

3. The method of Claim 1, wherein providing pulsed DC power through the filter includes 

supplying up to about 10 kW of power at a :frequency ofbetween about 40 kHz and about 350 

kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. The method of Claim 1, wherein providing bias power to the substrate includes supplying up 

to 1000 W of RF power to the substrate. 

5. The method of Claim 4, wherein the filter is a band reject filter at the frequency of the bias 

power. 

6. The method of claim 4, wherein the bias power is zero. 

7. The method of Claim 1, wherein the film is an upper cladding layer of a waveguide structure 

and the bias power is optimized to provide planarization. 

8. The method of Claim 1, wherein the process gas includes a mixture of Oxygen and Argon. 

9. The method of Claim 9, wherein the Oxygen flow is adjusted to adjust the index of refraction 

of the film. 

I 0. The method of Claim 8, wherein the process gas further includes nitrogen. 
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• 
11. The method of Claim 1, wherein providing pulsed DC power to a target includes providing 

pulsed DC power to a target which has an area larger than that of the substrate. 

12. The method of Claim 1, further including uniformly sweeping the target with a magnetic 

field. 

13. The method of Claim 12, wherein uniformly sweeping the target with a magnetic field 

includes sweeping a magnet in one direction across the target where the magnet extends beyond 

the target in the opposite direction. 

14. The method of Claim 1, further including depositing a film on the backside of target 12. 

15. A reactor according to the present invention, comprising: 

a target area for receiving a target; 

a substrate area opposite the target area for receiving a substrate; 

a pulsed DC power supply; and 

a bias power supply coupled to the substrate. 

16. The reactor of Claim 15, wherein the target has a surface area greater than the surface area 

of the substrate. 

17. The reactor of Claim 15, further including a scanning magnet which provides uniform 

erosion of the target. 

18. The reactor of Claim 17, wherein the scanning magnet scans across the target in a first 

direction and extends in a second direction perpendicular to the first direction. 

19. The reactor of Claim 18, wherein the magnet extends beyond the target in the second 

direction. 

20. A method of depositing a film on a substrate, comprising: 

conditioning a target; 

preparing the substrate; 
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• 
adjusting the bias power to the substrate; 

setting the process gas flow; and 

applying pulsed DC power to the target to deposit the film. 

• 

21. The method of Claim 20, wherein conditioning the target includes sputtering with the target 

in a metallic mode to remove the surface of the target and sputtering with the target in 

poisonous mode to prepare the surface. 

22. The method of Claim 21, wherein setting the process gas flow includes adjusting 

!...:.. constituents in order to adjust the index of refraction of the film. 

23. The method of Claim 21, wherein applying pulsed DC power includes setting the frequency 

in order to adjust the index of refraction of the film. 

24. The method of Claim 21, further including adjusting a temperature of the substrate in order 

to adjust the index of refraction of the film. 

25. A method of forming a waveguide amplifier, comprising: 

providing a substrate with an undercladding layer; 

providing a target having a concentration of rare-earth ions opposite the substrate; 

supplying process gas between the target and the substrate; 

applying pulsed DC power through a filter to the target to deposit a film; 

patterning the film to form a core; 

depositing an uppercladding layer over the core. 

26. The method of Claim 25, wherein providing a substrate includes providing a silicon 

substrate with a thermal oxide layer. 

27. The method of Claim 25, wherein providing a target includes providing a target having a 

concentration of up to about 5 cat. % of rare earth ions. 
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28. The method of Claim 27, wherein providing a target includes providing a target of Al and Si. 

29. The method of claim 25, wherein providing a target includes providing a target with a 

concentration of Al. 

30. The method of Claim 29, wherein providing a target includes providing a target with a 

concentration of Si. 

31. The method of Claim 29, wherein providing a target includes providing a target with a 

concentration of rare earth ions. 

~~ 32. The method of Claim 25, further including providing bias power to the substrate. 

:~ 33. The method of Claim 25, further including scanning a magnet over the target. 

34. The method of Claim 25, wherein scanning the magnet over the target includes moving the 

magnet in a first direction. 

35. The method of Claim 34, wherein the magnet extends beyond the target in a second 

direction perpendicular to the first direction. 

36. The method of Claim 25, wherein the target has a surface area greater than the surface area 

of the substrate. 

37. The method of Claim 32, wherein the filter rejects power at a frequency of the bias power. 

38. A sputtering apparatus, comprising: 

means for providing pulsed DC power to a target; and 

means for providing bias power to a substrate. 

39. The apparatus of Claim 38, further including 

means for providing process gas between the target and the substrate. 
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Biased Pulse DC Reactive Sputtering of Oxide Films 

Hongmei Zhang 
Mukundan Narasimhan 

Ravi Mullapudi 
Richard E. Demaray 

Abstract 

A biased pulse DC reactor for sputtering of oxide films is presented. The biased pulse 

DC reactor couples pulsed DC at a particular frequency to the target through a filter which filters 

out the effects of a bias power applied to the substrate, protecting the pulsed DC power supply. 

Films deposited utilizing the reactor have controllable material properties such as the index of 

refraction. Optical components such as waveguide amplifiers and multiplexers can be fabricated 

using processes performed on a reactor according to the present inention. 
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Provisional Application Number Filing Date 

NIA 

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) or 
PCT international application(s) designating the United States of America listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to 
disclose information, which is material to patentability as defined in Title 37, Code of Federal Regulations, 
§ 1.56, which became available between the filing date of the prior application( s) and the national or PCT 
international filing date of this application: 

Application Serial No. Filing Date Status (patented, pending, abandoned) 

NIA 

- Page 1 of2 -
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• Atto.ocket No.: M-12245 US 

I hereby appoint the following practitioners to prosecute this application and to transact all business in the 
United States Patent and Trademark Office connected therewith: 

Customer Number 24251 Im II~ 111111 Ill~ II ~II 

Please direct all telephone calls to: 

Gary J. Edwards 

Telephone: 408-453-9200 

I declare that all statements made herein of my own knowledge are true, all statements made herein on 
information and belief are believed to be true, and all statements made herein are made with the knowledge 
that whoever, in any matter within the jurisdiction of the Patent and Trademark Office, knowingly and 
willfully falsifies, conceals, or covers up by any trick, scheme, or device a material fact, or makes any 
false, fictitious or fraudulent statements or representations, or makes or uses any false writing or document 
knowing the same to contain any false, fictitious or fraudulent statement or entry, shall be subject to the 
penalties including fine or imprisonment or both as set forth under 18 U.S.C. 1001, and that violations of 
this paragraph may jeopardize the validity of the application or this document, or the validity or 
enforceability of any patent, trademark registration, or certificate resulting therefrom. 

Full name of first joint inventor: Hongmei Zhang 
Inventor's Signature: Date: 

Residence: 

Post Office Address: Citizenship: 

Full name of third joint inventor: 

Inventor's Signature: 
Mukundan Narasimhan 

Date: 

Residence: 

Post Office Address: 

Full name of second joint inventor: Ravi B. Mullapudi 
Inventor's Signature: 

Residence: 

Post Office Address: 

San Jose, California 

211 7 Shiangzone Court 
San Jose, California 95121. 

Full name of fourth joint inventor: Richard E. Demaray 
Inventor's Signature: 

Residence: 

Post Office Address: 

Portola Valley, California 

190 Fawn Lane 
Portola Valley, California 94028 

-Page 2 of2 -

Citizenship: 

Date: 

Citizenship: 

Date: 

Citizenship: 

India 

USA 
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SERIAL NO. I FILING DATE 

CLAIMS ONLY 
APPUCANT(S) 

CLAIMS 
AFTER AFTER * * * AS FILED 1st AMENDMENT 2nd AMENDMENT 

IND. DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP. 

1 I 51 

2 I 52 

3 i 53 
4 I 54 

5 I 55 

6 I 56 

7 I 57 

8 I 58 

9 i 59 

10 I 60 

11 I 61 

12 I 62 

13 I 63 

14 I 64 

15 I 65 

16 l 66 

17 ( 67 

18 I 68 
19 I 69 

20 I 70 

21 I 71 

22 I 72 

23 I 73 

24 I 74 

25 I 75 

26 I 76 

27 I n 
28 I 78 

29 I 79 

30 j 80 
31 ! 81 

32 I 82 

33 I 83 

34 I 84 

35 I 85 

36 ; 86 
37 I 87 

38 I 88 

39 I 89 

40 - 90 

41 91 

42 92 

43 93 

44 94 

45 95 

46 96 

47 97 

48 98 

49 99 

50 100 
TOTAL _,, • • TOTAL 

IND. ') • IND. • -· -· TOTAL 

' 7 
• • • TOTAL • - -

DEP. DEP. 
TOTAL ryr ;, if cL:A1~l h"1-.' 

: r. 52;,s CLAIMS I. .• '"< '!, " ~ );:; 

*MAY BE USED FOR ADDITIONAL CLAIMS OR ADMENDMENTS 

U.S.OEPARTMENT OF COMMERCE 
FORM PT0-2022 ( 1 ·98) Pateni and Trademark Office 

'U.S. Government Printirio Office: ~998 • 433·21417QJ03 
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective October 1, 2001 

CLAIMS AS FILED - PART I 

TOTAL CLAIMS 

FOR NUMBER FILED NUMBER EXTRA 

TOTAL CHARGEABLE CLAIMS ? ' minus 20= * 

* INDEPENDENT CLAIMS minus 3 = 

MULTIPLE DEPENDENT CLAIM PRESENT D 
* If the difference in column 1 is less than zero, enter "O" in column 2 

CLAIMS AS AMENDED - PART II 

Total * 
Independent * 

Column 1 
CLAIMS 

REMAINING 
AFTER 

AMENDMENT 

Minus 

Minus 

Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

** 

*** 
FIRST PRESENTATION OF ULTIPLE DEPENDENT C 

Total * 
Independent * 

Column 1 
CLAIMS 

REMAINING 
AFTER 

AMENDMENT 

FIRST PRESENTATION 

Column 1 
CLAIMS 

REMAINING 
AFTER 

AMENDMENT 

Total * 
Independent * 

Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

Minus ** 
Minus *** 

ULTIPLE DEPENDENT CLAIM 

Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

Minus ** = 

Minus *** 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

SMALL ENTITY 
TYPE c::::J 

RATE FEE 

BASIC FEE 370.00 

9x$9= r11 
L-x42= iY 

+140= 

TOTAL &2? 

OTHER THAN 
OR SMALL ENTITY 

RATE FEE 

OR ASIC FEE 740.00 

OR X$18= 

OR X84= 

OR +280= 

OR TOTAL ___ ... 
OTHER THAN 

SMALL ENTITY OR SMALL ENTITY 

ADDI-
RATE Tl ON AL 

FEE 

X$9= 

X42= 

+140=. 

TOTAL 
ADDIT. FEE 

ADDI-
RATE TIONAL 

FEE 

X$9= 

X42= 

+140= 

TOTAL 
ADDIT. FEE 

ADDI-
RATE TIONAL 

FEE 

X$9= 

X42= 

+140= 

AD[)I-
RATE TIONAL 

FEE 

OR X$18= 

OR X84= 

OR +280= 

TOTAL 
OR ADDIT. FEE ___ ,.. 

ADD I-
RATE TIONAL 

OR X$18= 

OR X84= 

OR +280= 

FEE 

TOTAL 
OR ADDIT. FEE ___ .. 

ADDI-
RATE TIONAL 

FEE 

OR X$18= 

OR X84= 

OR +280= 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. TOTAL TOTAL 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20." OR ADDIT. FEE ADDIT. FEE 
***If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3." ---""' 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

FORM PT0-875 (Rev. 8/01) 
*u.s nP0:2001•e2.1?.•1 s•101 

Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 

fi 
c 
L 
LL 

a 
<[ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Page 1of2 

COMMISSIONER FOR PATENiS 
UNITED STATES PATENT AND TRADEMARK OFFICE 

WASHING10N, D.C. 20231 
www.uspto.gov 

APPLICATION NUMBER FILING/RECEIPT DA TE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

10/101,863 0311612002 Hongmei Zhang M-12245 US 

Skjerven Morrill Macpherson LLP 
Suite 700 
250 Metro Drive 
San Jose, CA 95110 

CONFIRMATION NO. 6938 

FORMALITIES LETTER 

I llllllll llll llll lllll lllll lllll lllll lllll lllll lllll lllll lllll lllll lllll lllll lllll lllll llll llll 
*OC000000008148448* 

Date Mailed: 05/17/2002 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 
Applicant must submit$ 370 to complete the basic filing fee for a small entity. 

• The oath or declaration is unsigned. 
• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(1) of 

$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified 
in this letter. 

Items Required To Avoid Processing DelaY.s: 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• Additional claim fees of $255 as a small entity, including any required multiple dependent claim fee, are 
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are 
due. 

SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $690 for a Small Entity 

• $370 Statutory basic filing fee. 
• $65 Late oath or declaration Surcharge. 
• Total additional claim fee(s) for this application is $255 

• $171 for 19 total claims over 20. 
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Page 2 of2 

• $84 for 2 independent claims over 3. 

A copy of this notice MUST be returned with the reply. 

Custom~dife.ter 
Initial Patent Examination Division (703) 308-1202 

PART 3 - OFFICE COPY 
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UNITED STATES PATENT AND ThADEMARK OFFICE 

Page I of2 

COMMISSIONER FOR PATENTS 
UNITED STATES PATENT ANO l"AAoEMARK OFFICE 

\'AsHING10N, 0.C. 20231 

www.uspto.gov 

APPLICATION NUMBER FILING/RECEIPT DA TE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER I 
10/101,863 03/16/2002 Hongmei Zhang M-12245 US 
. :, 

Skjerven Morrill Macpherson LLP 
Suite 700 
250 Metro Drive 
San Jose, CA 9511 O 

CONFIRMATION NO. 69.38 

FORMALITIES LETTER 

1m1m111nnn~nD11m1n1nmm~1m~1wm11~m1 
·ocooooooooa 148448* 

Date Mailed: 05/17/2002 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

LU An application number and filing date have ~een accorded to this application. The item(s) indicated below, 
CO however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 

required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 
Applicant must submit $ 370 to complete the basic filing fee for a small entity. 

• The oath or declaration is unsigned. 
• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(1) of 

$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified 
in this letter. 

Items Required To Avoid Processing Delays: 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• Additional claim fees of $255 as a small entity, including any required multiple dependent claim fee, are 
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are 
due. 

SUMMARY OF FEES DUE: 
OM2B/2002 MAHl'IEDl 00000073 192386 
01 FC:201 
02 FC:202 370.00 CH 

Total additional fee(s) required for this application is $690 for a Small ~ig;~oJ 1tl:88 f~ 
~t.cOS 65.00 CH 

• $370 Statutory basic filing fee. 

• $65 Late oath or declaration Surcharge. 
• Total additional claim fee(s) for this application is $255 

• $171 for 19 total claims over 20. 

10101863 
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• $84 for 2 independent claims over 3. 

AU6 2 7 zoaz 
~ ~ A copy oft/tis notice MU$_[ be returned witlt tlte reply. 

f,>. ~ 

. &."' "'""~ ... 
Customer Serv· e Center 
Initial Patent Examination Division (703) 308-1202 

PART 2 - COPY TO BE RETURNED WITH RESPONSE 
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LAWOmCESOF 
SKJ£RVEN MORRILL UP 

2S METRO DRIVE 
SUITE 700 

SAN JOSE. CA 95110 
(.WS) •53-9200 

FAX (.WK) •53·7979 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Hongmei Zhang, Mukundan Narasimhan, Ravi B. Mullapudi and 
Richard E. Demaray 

Assignee: Symmorphix, Inc. 

Title: Biased Pulse DC Reactive Sputtering Of Oxide Films 

.. Serial No.: 101101,863 

.Examiner: Unknown 

Docket No.: M-12245 US 

BOX MISSING PARTS 
COMMISSIONER FOR PA TENTS 
Washington, D.C. 20231 

Filing Date: March 16, 2002 

Group Art Unit: Unknown 

San Jose, California 
August 19, 2002 

RESPONSE TO NOTICE TO FILE MISSING PARTS OF NON
PROVISIONAL APPLICATION - FILING DATE GRANTED 

Dear Sir: 

In response to the "Notice to File Missing Parts of Non-Provisional Application -

Filing Date Granted" mailed by the United States Patent and Trademark Office on May 17, 

2002, the following documents are enclosed to complete the filing of the above-identified 

patent application: 

1. A declaration signed by the inventors in compliance with 3 7 CFR 1.63; 

2. Copy of Notice to File Missing Parts of Non-Provisional Application - Filing 
Date Granted; and 

3. Petition for Extension of Time. 

The United States Patent and Trademark Office is hereby authorized to charge the 

following fees to Deposit Account No. 19-2386: 

1. Surcharge for filing declaration on a date later than the 
filing date of the application. 

888501 vi ~1-

$65.00 

Serial No. 101101,863 
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LAW OFFICES OF 
SKJERVEN MORRILL LLP 

25 MFn<O DRIVE 
SUITT 700 

SAN JOSE. CA 9l llO 
(-!08) Hl-9200 

FAX(.108).aSJ-7979 

• •'. . . 
2. Statutory basic filing fee $370.00 

3. 19 extra claims at $9.00 each $171.00 

4. 2 extra independent claims at $42.00 each $84.00 

5. Petition for Extension of Time $55.00 

TOTAL FEES: $745.00 

... 
The Commissioner is hereby authorized to charge any additional fees, which may be 

required, or credit any overpayment to Deposit Account No. 19-2386. 

It is hereby respectfully submitted that the enclosed documents complete the filing of 

the above patent application and justify the filing date of March 16, 2002. Please telephone 

the undersigned at ( 408) 453-9200, if there are any questions. This form is being submitted in 

duplicate. 

I hereby certify that this correspondence is being deposited with 
the United States Postal Service as First Class Mail in an envelope 
addressed to: Box Missing Parts, Commissioner for Patents, 
Washington, D.C. 20231, on August 19, 2002. 

888501 vi -2-

Respectfully submitted, 

~;PJ--
Gary J. Edwards 
Attorney for Applicant 
Reg. No. 41,008 

Serial No. 10/101,863 
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~ENT BY: SVMMORPHIX AUG-B-02 S:21PM; 
RECEIVED: 8/ 0/02 

J ·-

·sis P.uus1011 Auroe-zoaz 11:&1 

cd inventor, I hereby declare thai: 

My residence post office address and citii.onship are a.s stared below adjace:ni to my n ; e. 

I beUeve I am lhe od;inaJ, first and sole lnventor (ff orily one nRrne is l&sied below) or ' joim fn'Ve:IJtot if plural names an: 11.src:d below) of .subject m;srter (pro~ess, machine, ' composition ma.nm", or an improvemenr T.hereot) which is clai1ned and for which a way of the ap Jicaiion entitled 

Biased Pul~e DC Reactive Sputtering of <bide Film-

which (check) 0 
0 
fgJ 

0 

ill amv:hed hlo!reto. 

an4 l.s atnll!ntfcd by the Preliminary Ar."lcndmenr auachctl he '. 
was filed on MaTcb 16, 2002 ~ Applir.:atlon Scrl411'o. J OJJO. 
and was amended o.n. (i!applicablt1). 

J horeby SJ.are llT 1 have rl!vjewcd and undernand the contents of1he above identified s' including the c; aims, as amended by any amendment referred to above. : 

I aelcnowledp e duty to diaclose information, which is mueriHI to patemabili1y QS deli: in Tide 37, Code of Feder R.eiUlations, f 1.S6. 

J hereby claim oreign pdoriiy benllfir.s 11nder Title 35, United Stll1e~ Code, f l 19(a)-(dJ · any foreign applicadon(.1) r paie:nt or ln\'elltot'S cen.ificare or any PCT international application(s) : ilfUdini: at least one count!')' ot r 1.han lbe United Sta1" of Amctico. li.sted below "md have also ideniific : low 111y foreian eppllca on(s) for patem or inventor's cettilicatc or any PC'.T intema\ional appli : t) designadng 11 l tone coumry other than th1:1 United Swes of America filed by me on t ' same subject mimer having u 11ing dare befort that aflhe 11pplic11tioll(S) of whic!1 priori'!)' is claimed: : 

Nwn~r 

NIA 

Country Oay/Moml·tYoQI' Filed No 
~----~~=-+--+=0-----1 

i-------+-------------------···-~t-...... =..---' 
I bs:teby claim t benefit under Title 35, United Staie.s Cod~. § l l 9(e) of a.ny United Sfa · applic&don(s) Ii ed below: 

Fllins; Date 
NIA 

1 hereby claim r bentfit 1.1i1der Title 35. United Staw Code, § 120 of any United Sta11:$ : lit11iaa(s) or PCT inremation l applicalion(1) designating lhe Uniied Smres of America li11ed below an Insofar as tho subject mmer o each of the claims of this application is not disclos1~d in the prior appli1;:a: ») ln 'lbe manner providt by the finll paragraph ofTirle 3S, Unired Stares Code.§ J 12, J acknowl . the chltyto disclost inform 0.11, wbic:b is material to patc:niability as defin11d in 'ride 37, Code of Fed· R.ogulllliow, § l.56, which b ame available between the filing elate of the prior ariplication(s) .:ir:,! rhe '. oaal or PCT inlemmion&I flli date of thi;; upp!lcation: 

...,.._A.....-PP._l_ica_'d_o_n-+_a_l_N_o_. -+-----F1_·Ung __ D_ar_e __ .p.tus (pareoied. r~~dill. abandoiwd) 

.__ __ ~ ___ N_IA-+-~----i..~~~--~-~-~--'~~ ~:~--~~_, 

• J"i:age l af2 • 

PAGE 7~-S.. 

F·!TZ ·r 

(; .:" 
i·.: 
I • l }.-. 

" . 
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~ENT BY: SVMMORPHIX 
AECElVEO: 8/ 8/02 

"' -
AUG-8-02 

::.£U,.Mj 

408 541 5901; 
- ~c:J-.Unl"'n..LA • ............. I __ ..,. • 

+4D8'53T9f9 ra.-SKJERVIN,lllRRILL,lLP 

8:21PM; 

·523 P.007/Dll 

o.; M·J2245 US 

II business In the 

C:1.1scomer Number 24151 

Please cUrcct I telephone c:all.5 to: 

GQTY J. .Edwards 

Telephone: 408-4.53-9200 

l dec:late 'that J staiements. made herein of my own knowledge uc trUe, all staumients . e .herein on 
Jnto11111tiOt1 btth1f are believed to be rrue, 1111d au sra1emein:s 1uad1111 herein are made : th u11:1 JcnowJedge 
dw whoe'lu, aiiy maner wUhin the jurlsdicruon of me Patent 11.11d Tndemark Office, ~ wtngly and 
willfully falsi ooriceals, or 1.;ovcrs up by any trick, scheme, or devje11 a material fact.'. makes aD)' 
false, fictltlot.1$ or friwdulcm .mnemCJ'lts ot reprcscntanons, or makes ar uses 1111y f:il.se w: in& or dooumcnt lcnowing the e ro contain any false.. :fictitious or Crauduh:nt staremenr or entry, shall b. subject ro 'Che 
penaldu lncl'u iog fine or imprisoruneot or both as sot fonll und,:r 18 U.S.C. 1 OC .• wd . 1 violalions of VU. parasrrph y jeopatdize the validity of the applir:adoo or this document, or lhe v-.11 iry or 
enforceab.iJiry (any patent, trademark registration, or "J'tificii~ resulting ihen:frorn. · 

Jnvenw's Si 

Residence: 

Ho11gtt1ci 2.han 
e,~-··-·-

San Jo.se, California 
1330 ltodney Drivi 
San Jose, California 95 I J 8 

Full n1111e o~ ondjoint itlfl_v or:J!J M!~arnsi1nban 
lovcmor's Sign !Ute: _ • ~ ~ Date: .. ,,... -·-Residence: San Jose, C6llfomi1t 
Pcm Of6e.e Ad 2.93 B h.1efi111Jd Drive Chiz~ml:; .) 

San Jose, CaUfornio. 9.S 136 

Full n~e o~ tb joim inv~?i°r:1 ~~ RaI~ B. Mullapucli 
Inventors Sign ure; J'N4 ___ '!/' "". ..._ .. _ D1ue: 
R.esid.enoe! San Jose, ~ . 
PonOfticeAdd 2117 Shiimgzone Coun Citiienshi;·: Ind 

S11n Jose. Callfomin 9.S l 2 l 

Full name of to nb joint · 
lnvcsmor':i Si& re: 
Residence: 
Poa Office Add 190 FawB L11.r1e 

Pottol11. VaUey, California 94028 

·Pas~ 2 of2 · 

PAGE 8/13 

F·S72 

1· •• , . 

'. 
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LAW OFFICES OF 
SKJERVEN MORRILL u.r 

2l METRO DRJVE 
SUITE 700 

SAN JOSE. CA 9l 1 IO 
(.-08} .&.53-9200 

FAX C-'08) .153.7979 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Hongmei Zhang, Mukundan Narasimhan, Ravi B. Mullapudi and 
Richard E. Demaray 

Assignee: Symrnorphix, Inc. 

Title: Biased Pulse DC Reactive Sputtering Of Oxide Films 

Serial No.: 10/101,863 

Examiner: Unknown 

Docket No.: M-12245 US 

BOX Missing Parts 
COMMISSIONER FOR PA TENTS 
Washington, D. C. 20231 

Filing Date: March 16, 2002 

Group Art Unit: Unknown 

San Jose, California 
August 19, 2002 

PETITION FOR EXTENSION OF TIME 

Dear Sir: 

Applicants respectfully petition for a 1-month extension of time within which to 

respond to the May 17, 2002 outstanding Notice to File Missing Parts, such extension 

allowing the undersigned until August 19, 2002 (as August 17, 2002 is a Saturday) to 

respond. 

Please charge the amount of $55.00 as set forth in the enclosed Response to Notice to 

File Missing Parts. 

I hereby certify that this correspondence is being deposited with 
the United States Postal Service as First Class Mail in an envelope 
addressed to: Box Missing Parts, Commissioner for Patents, 
Washington, D.C. 20231, on ugust 19 2002. 

Date of Signature 

;;II;~ 
Gary J. Edwards 
Attorney for Applicants 
Reg. No. 41,008 

J8/2B:·2002 ~A~MED1 ·00000?2 :?23a; :o:o:as~ 

888511 vi -1- Serial No.: 10/101,863 
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UNITED ST A TES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

101101,863 03/16/2002 

7590 10/02/2003 

Skjerven Morrill Macpherson LLP 
Suite 700 
250 Metro Drive 
San Jose, CA 95110 

FIRST NAMED INVENTOR 

Hongmei Zhang 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Adtb=: COMMISSIONER FOR PA TENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

M·l2245 US 6938 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

DA TE MAILED: 10/02/2003 

Please find below and/or attached an Office communication concerning this application or proceeding. 

PT0-90C (Rev. 10/03) 
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. I Application No . Applicant(s) 

10/101,863 ZHANG ET AL. 

Office Action Summary Examiner 

Michelle Estrada 

Art Unit 

2823 
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH{S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b ). 

Status 

1)0 Responsive to communication(s) filed on __ . 

2a)0 This action is FINAL. 2b )[81 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[81 Claim(s) 1-39 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim{s) __ is/are allowed. 

6)0 Claim(s) __ is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)[8] Claim(s) 1-39 are subject to restriction and/or election requirement. 
Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11 )0 The proposed drawing correction filed on __ is: a)O approved b )0 disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12)0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. §§ 119 and 120 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2{a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

14)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) 0 The translation of the foreign language provisional application has been received. 
15)0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 0 Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PT0-413) Paper No(s). 

5) 0 Notice of Informal Patent Application (PT0-152) 
6)0 Other: 

PTOL-326 (Rev. 04-01) Office Action Summary Part of Paper No. 5 
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DETAILED ACTION 

Election/Restrictions 

I. Claims 1-14 and 20-24, drawn to a coating method, classified in class 427, 

subclass 1 +. 

II. Claims 15-19 and 38-39, drawn to a coating apparatus, classified in class 

118, subclass 1 +. 

Ill. Claims 25-37, drawn to a process of making a semiconductor device, 

classified in class 438, subclass 761. 

Inventions I and II are related as process and apparatus for its practice. The 

inventions are distinct if it can be shown that either: (1) the process as claimed can be 

practiced by another materially different apparatus or by hand, or (2) the apparatus as 

claimed can be used to practice another and materially different process. (MPEP § 

806.05(e)). In this case the apparatus as claimed can be used to practice another and 

materially different process such as one that does not require providing a process gas 

between the target and the substrate. 

Inventions I and Ill are related as combination and subcombination. Inventions in 

this relationship are distinct if it can be shown that (1) the combination as claimed does 

not require the particulars of the subcombination as claimed for patentability, and (2) 

that the subcombination has utility by itself or in other combinations (MPEP § 

806.05(c)). In the instant case, the combination as claimed does not require the 

particulars of the subcombination as claimed because the combination does not require 

providing an undercladding layer, patterning the film to form a core and depositing an 
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Art Unit: 2823 "'- , 

'~rk1c1"" 
uppercladding layer over the core. The subcombination has separate utility such as a J 

A 
waveguide amplifier to use in semiconductor devices. 

Inventions II and Ill are related as process and apparatus for its practice. The 

inventions are distinct if it can be shown that either: (1) the process as claimed can be 

practiced by another materially different apparatus or by hand, or (2) the apparatus as 

claimed can be used to practice another and materially different process. (MPEP § 

806.05(e)). In this case the apparatus as claimed can be used to practice another and 

materially different process such as one that does not require providing an 

undercladding layer and an uppercladding layer. 

Applicant is reminded that upon the cancellation of claims to a non-elected 

invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one 

or more of the currently named inventors is no longer an inventor of at least one claim 

remaining in the application. Any amendment of inventorship must be accompanied by 

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i). 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is (703) 308-

0729. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 703-306-2794. The fax phone numbers 
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for the organization where this application or proceeding is assigned are 703-308-7722 

for regular communications and 703-308-7724 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 703-308-

0956. 

~rad a 
September 28, 2003 

,;j··;. 

' 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140.0016 
(formerly M-12245 US) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Zhang, et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS . 

Commissioner for Patents 
Washington, DC 20231 

Sir: 

) 
) 
) Group Art Unit: 2816 
) 
) Examiner: Unassigned 
) 
) 
) 
) 
) 
) 

REVOCATION OF POWER OF ATTORNEY 
AND GRANT OF NEW POWER OF ATTORNEY 

t.SA 
•J.;.V 

/..
"'' .. 

li 
i 
t 
i· 

f 
·-t 

i'·~-~ :,,. 

The undersigned, a representative authorized to sign on behalf of the Assignee owning all 

of the interest in this patent, hereby revokes all previous powers of attorney or authorization of 

agent granted in this application before the date of execution hereof. The undersigned verifies 

that Symmorphix, Inc. is the Assignee of the entire right, title, and interest in the patent 

application identified above by virtue of the attached assignment document, which is being 

concurrently filed for recordation. The undersigned certifies that the evidentiary documents have 

been reviewed and to the best of the undersigned's knowledge and belief, title is in the Assignee 

Symmorphix, Inc. 
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The undersigned hereby grants its power of attorney to FINNEGAN, HENDERSON, 

FARABOW, GARRETT & DUNNER, L.L.P., Douglas B. Henderson, Reg. No. 20,291; Ford 

F. Farabow, Jr., Reg. No. 20,630; Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner, Reg. 

No. 19,073; Brian G. Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. No. 20,645; 

Jerry D. Voight, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, Reg. 

No. 23,098; Herbert H. Mintz, Reg. No. 26,691; C. Larry O'Rourke, Reg. No. 26,014; Albert J. 

Santorelli, Reg. No. 22,610; Michael C. Elmer, Reg. No. 25,857; Richard H. Smith, Reg. No. 

20,609; Stephen L. Peterson, Reg. No. 26,325; John M. Romary, Reg. No. 26,331; Bruce C. 

Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg. No. 27,932; Allen M. Sokal, Reg. No. 

26,695; Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, Reg. No. 28,478; David W. 

Hill, Reg. No. 28,220; Thomas L. Irving, Reg. No. 28,619; Charles E. Lipsey, Reg. No. 28,165; 

Thomas W. Winland, Reg. No. 27,605; Basil J. Lewris, Reg. No. 28,818; Martin I. Fuchs, Reg. 

No. 28,508; E. Robert Yoches, Reg. No. 30,120; Barry W. Graham, Reg. No. 29,924; Susan 

Haberman Griffen, Reg. No. 30,907; Richard B. Racine, Reg. No. 30,415; Thomas H. Jenkins, 

Reg. No. 30,857; Robert E. Converse, Jr., Reg. No. 27,432; Clair X. Mullen, Jr., Reg. No. 

20,348; Christopher P. Foley, Reg. No. 31,354; Roger D. Taylor, Reg. No. 28,992; John C. Paul, 

Reg. No. 30,413; David M. Kelly, Reg. No. 30,953; Kenneth J. Meyers, Reg. No. 25,146; Carol 

P. Einaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg. No. 31,738; Steven M. Anzalone, Reg. 

No. 32,095; Jean B. Fordis, Reg. No. 32,984; Barbara C. McCurdy, Reg. No. 32,120; James K. 

Hammond, Reg. No. 31,964; Richard V. Burgujian, Reg. No. 31,744; J. Michael Jakes, Reg. No. 

32,824; Thomas W. Banks, Reg. No. 32,719; Christopher P. Isaac, Reg. No. 32,616; Bryan C. 

Diner, Reg. No. 32,409; M. Paul Barker, Reg. No. 32,013; Andrew Chanho Sonu, Reg. No. 

33,457; David S. Forman, Reg. No. 33,694; Vincent P. Kovalick, Reg. No. 32,867; James W. 

2 
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Edmondson, Reg. No. 33,871; Michael R. McGurk, Reg. No. 32,045; Joann M. Neth, Reg. No. 

36,363; Gerson S. Panhch, Reg. No. 33,751; Cheri M. Taylor, Reg. No. 33,216; Charles E. Van 

Hom, Reg. No. 40,266; Linda A. Wadler, Reg. No. 33,218; Jeffrey A. Berkowitz, Reg. No. 

36,743; Michael R. Kelly, Reg. No. 33, 921; James B. Monroe, Reg. No. 33,971; Doris Johnson 

Hines, Reg. No. 34,629; Lori Ann Johnson, Reg. No. 34,498; R. Bruce Bower, Reg. No. 37,099; 

John Rissman, Reg. No. 33,764; Therese A. Hendricks, Reg. No. 30,389; Leslie I. Bookoff, 

Reg. No. 38,084; Michele C. Bosch, Reg. No. 40,524; Michael J. Flibbert, Reg. No. 33,234; 

Scott A. Herbst, Reg. No. 35,189; Leslie A. McDonell, Reg. No. 34,872; Thalia V. Wamement, 

Reg. No. 39,064; Ronald A. Bleeker, Reg. No. 27,773; Kathleen A. Daley, Reg. No. 36,116; C. 

Gregory Gramenopoulos, Reg. No. 36,532; Anthony M. Gutowski, Reg. No. 38,742; Yitai Hu, 

Reg. No. 40,653; Lionel M. Lavenue; Reg. No. 46,859; Christine E. Lehman, Reg. No. 38,535; 

and Gary J. Edwards, Reg. No. 41,008; both jointly and separately as their attorneys with full 

power of substitution and revocation to prosecute this application and to transact all business in 

the Patent and Trademark Office connected therewith, and to receive the Letters Patent. 

Please send all future correspondence concerning this application to Finnegan, 

Henderson, Farabow, Garrett & Dunner, L.L.P. at the following address: 

Dated}\J'mJ li}; 

Finnegan, Henderson, Farabow, 
Garrett & Dunner, L.L.P. 

1300 I Street, N.W. 
Washington, D.C. 20005-3315 

'2003 

3 

Name: Richard . Demaray 
Title: Chief Techiiical Officer 
Symmorphix, Inc. 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 162 of 1543



Attorney Docket No. 09140.0016 
(Former Atforney Docket No. M-12245 US) 

ASSIGNMENT 

JOINT INVENTION 
(Worldwide Rights) 

WHEREAS WE, the below named inventors, fhereinafter referred to as Assignor], h~ve made an invention entitled: 

BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS 

for which we executed an application for United States Letters Patent concurrently herewith or filed an application for United 

States Letters Patent March 16, 2002, (Application No. 10/101,863); and 

WHEREAS, SYMMORPHIX, INC., a corporation of Delaware, whose post office address is 1278 Reamwood 

Avenue, Sunnyvale, CA 94089-2233 (hereinafter referred to as Assignee), is desirous of securing the entire right, title, and 

interest in and to this invention in all countries throughout the world, and in and to the application for United States Letters 

Patent on this invention and the Letters Patent to be issued upon this application; 

NOW THEREFORE, be it known that for good and valuable consideration the receipt of which from Assignee is 

hereby acknowledged, we, as Assignors, have sold, assigned, transferred, and set over, and do hereby sell, assign, 

transfer, and set over unto the Assignee, its lawful successors and assigns, my entire right, title, and interest in and to this 

invention; and this application, Application No. 10/101,863, filed March 16, 2002; and all divisions, and continuations 

thereof, and all Letters Patent of the United States which may be granted thereon, and all reissues thereof, and all rights to 

-claim priority on the basis of this application, Application No. 10/101,863, filed March 16, 2002, and all applications for 

Letters Patent which may hereafter be filed for this invention in any foreign country and all Letters Patent which may be 

granted on this invention in any foreign country, and all· extensions, renewals, and reissues thereof; and we hereby 

authorize and request the Commissioner of Patents and Trademarks of the United States and any official of any foreign 

country whose duty it is to issue patents on applications as described above, to issue all Letters Patent for this invention to 

Assignee, its successors.and assigns, in accordance with the terms of this Assignment; 

AND, WE HEREBY covenant that we have the.full right to convey the interest assigned by this Assignment, and we 

have not executed and will not execute any agreement in conflict with this Assignment; · 

AND, WE HEREBY further covenant and agree that we will, without further consideration, communicate with 

Assignee, its successors and assigns, any facts known to us respecting this invention, and testify in any legal proceeding, 

sign all lawful papers when called upon to do so, execute and deliver any and all papers that may be necessary or desirable 

to perfect the title to this invention in said Assignee, its successors or assigns, execute all divisional, continuation, and 

reissue applications, make all rightful oaths and generally do everything possible to aid Assignee, its successors and 

assigns, to obtain and enforce proper patent protection for this invention in the United States and any foreign country, it 

being understood that any expense incident to the execution of such papers shall be borne by the Assignee, its successors 

and a3signs. · 

IN TESTIMONY WHEREOF, we have hereunto set our hands. 

State of CA U }-()~ll\ )_ ) 

County of ~ /\--Q.;l A 0 l A- ~ l±:J 
SS. 

.. 

llC>A tSNSON 
Com11luloi1t 1 .. 13172 

Notcry Public - Caltomla 
Santo Ciao Countv 

My Comm. Eicpies Apr 22. 'JJXJ1 

NAME: 
ADDRESS: 

BY: 

DATE: 

Hongmei Zhang 
1330 Rodney Drive 
San Jose, CA 95118 

~n;x:g ~ 
6/f '<?/ 2 OQ> 

Subscribed and sworn to before me this i/.!::aay of __ i ______ =-.;....__. 2003. 

n~ ~ 
~ d-.i, ~/Notary Public 

Page 1of2 
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Attorney Docket No. 09140:0016 
(Former' Attorney Docket No. M-1224.5 US) 

State of Q .Jtl\ ~OtU )\= ) 
) SS. 

County of ~ \ LlI A- U A) ll ) 

NAME:. 
ADDRESS: 

BY: 

DATE: 

Subscribed and sworn to before me lhis-tf:'day of ~ .! 

~ ~!~.NotaryPublic 
//1 

State of L.-6'.L !f Nl Ni 11 ) NAME: 

~ ~ ) County of~ri2177T J.. Af2. A ·) 
SS. ADDRESS: 

BY: 

DATE: 

Subscribed and sworn to before me this .P7 day of (d:.:ft,he r 

. J /) 

v4f~ u f:i ~~, Notary Public 

State of 0 ~(.\ ~~ lV I A- ) NAME: 

.I ~ ) SS. 
County of S'11-lV\ A C \.it r ~ ) 

ADDRESS: 

Mukundan Narasimhan 
293 Bluefield Drive 
San Jose, CA 95136 

N-~ 
Mukundan Narasimh.an 

0{,/15 fo3 

'2003. 

Ravi B. Mullapudi 
2117 Shiangzone Court 
San Jose, CA 95121. 

Y/·&y,' ~· 
Ravi B. Mullapudi 

/6,ltT/o > 
I 2003 . 

Richard E. Demaray 
190 Fawn Lane 
Portola Valley, CA 94028 

JOINT INVENTION. 
(Worldwide Rights} 

- CornmlsriOn. 1'13172 f"1>U~. tL..__::li~...!:::..~~~~~~'.:./ 

Notary Public • Callforr*I Richard E. Demara e. LINDA HENSON BY: 

Santo Claro County LI 
MyComm.E~Apr2131J7 DATE: . Jf'14." e._ 

l
s bs':'ibed and sworn to before me this 1!1-aay of~· 2003. 

_Q ;,.h~ L_ , Notary Public -::t '-

Page 2 of 2 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140.0016-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei Zhang 

Serial No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) 
) 
) 
) 
) 
) 

Examiner: Michelle Estrada 

RESPONSE TO RESTRICTION REQUIREMENT 

In a restriction requirement dated October 2, 2003, the Examiner required 

restriction under 35 U.S.C. § 121 between Group I (Claims 1-14 and 20-24, drawn to a 

coating method, classified in class 427, subclass 1+), Group II (Claims 15-19 and 38-39, 

drawn to a coating apparatus, classified in class 118, subclass 1 +),and Group Ill 

(Claims 25-37, drawn to a process of making a semiconductor device, classified in class 

438, subclass 761.) Applicants provisionally elect to prosecute Group I, claims 1-14 

and 20-24 drawn to a coating method. 

Please grant a one-month extension of time required to enter this response and 

charge the required small entity extension fee of $55.00 under 37 C.F.R. 1.17(a)(1) to 

the deposit account No. 06-0916. Petition for 1-month Extension of Time is being filed 

concurrently. 
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If there is any additional fee due in connection with the filing of this Response, 

please charge the fee to our Deposit Account No. 06-0916. 

Dated: December 2, 2003 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By: ~j,JLJ, 
V ry J. Edwards 

Reg. No. 41,008 

CERTIFICATE UNDER 37 CFR § 1.10 OF 
MAILING BY "EXPRESS MAIL" 

EL 97 4556529 US December 2, 2003 
USPS Express Mail Label Number Date of Deposit 

I hereby certify that this correspondence is being deposited with the United States 
Postal Services "Express Mail Post Office to Addressee" service under 37 CFR § 1.10 
on the date indicated above and is addressed to the Commissioner for Patents, P.O. 
Box 1450, Alexandria, VA 22313-1450. 

By:._~-~---~----
Veronica Weinstein 

----------------~·············-~ 
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,· PATENT 

Customer No. 22,852 
Attorney Docket No. 09140.0016-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei Zhang 

) 
) 
) Group Art Unit: 2823 

Application No.: 10/101,863 
) 
) 
) 
) 

Examiner: Michelle Estrada 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) 

PETITION FOR EXTENSION OF TIME 

-; 
r.1 
('") 

::!: 
~··-

f:? CJ 
c• P, 
C"J n 

("') 

r<l 
z l'"-J 
-j = 
rn = 
Al (...0 

N 
co 
0 
C> 

Applicants hereby petition for a one month extension of time to reply to the Office 

Action of October 2, 2003. This Petition is accompanied by a small entity extension fee 

of $55.00 as specified by Section 1.17(a)(1 ). Please charge $55.00 to Deposit Account 

No. 06-0916. 

Please grant any extensions of time required to enter the accompanying 

response and charge any additional required fees to our deposit account 06-0916. 

Respectfully submitted, 
12/08/2003 HGUTEMA1 00000005 0&0916 10101863 

01 FC:2251 55.00 DA 

Dated: December 2, 2003 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~a,~ 
E;iY J. Edwards 

Reg. No. 41,008 

1 
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CERTIFICATE UNDER 37 CFR § 1.10 OF 

MAILING BY "EXPRESS MAIL" 

EL 97 4556529 US December 2, 2003 
USPS Express Mail Label Number Date of Deposit 

I hereby certify that this correspondence is being deposited with the United States 
Postal Services "Express Mail Post Office to Addressee" service under 37 CFR § 1.10 
on the date indicated above and is addressed to the Commissioner for Patents, P.O. 
Box 1450, Alexandria, VA 22313-1450. 

By:_~_· --~~""""""'-&?_·_, -~--
Veronica Weinstein 

2 
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LNumber Hits Search Text 
1 1 (target with "metallic mode") and (target with "poisonous") 

- 41231 "DC power" 

- 16262 bias with substrate 

- 995 "DC power" with target 

- 322 ((bias with substrate) and ("DC power" with target)) not 
(@ad>20020316 or @rlad>20020316) 

- 0 (((bias with substrate) and ("DC power" with target)) not 
(@ad>20020316 or @rlad>20020316)) and ("DC pwer" with 
filter) 

- 20 (((bias with substrate) and ("DC power" with target)) not 
(@ad>20020316 or @rlad>20020316)) and ("DC power" with 
filter) 

- 197 438/769.cels. 

- 0 ((bias with substrate) and ("DC power" with target)) and 
438/769.cels. 

- 611 438/787.cels. 

- 2 ((bias with substrate) and ("DC power" with target)) and 
438/787.cels. 

- 453 438/770.cels. 

- 0 ((bias with substrate) and ("DC power" with target)) and 
438/770.cels. 

- 89 438/771.cels. 

- 0 ((bias with substrate) and ("DC power" with target)) and 
438/771.cels. 

- 443 438/788.ccls. 

- 1 ((bias with substrate) and ("DC power" with target)) and 
438/788.cels. 

- 242 427 / 533.cels. 

- 1 ((bias with substrate) and ("DC power" with target)) and 
427 /533.cels. 

- 89227 427 /$.eels. 

- 33 ((bias with substrate) and ("DC power" with target)) and 
427 /$.eels. 

- 30 (((bias with substrate) and ("DC power" with target)) and 
427 /$.eels.) not (@ad>20020316 or @rlad>20020316) 

- 74451 438/$.cels. 

- 107 ((bias with substrate) and ("DC power" with target)) and 
438/$.cels. 

87 (((bias with substrate) and ("DC power" with target)) and 
438/$.cels.) not (@ad>20020316 or @rlad>20020316) 

- 1466 204/192.12.cels. 

- 98 ((bias with substrate) and ("DC power" with target)) and 
204/192.12.ccls. 

- 89 (((bias with substrate) and ("DC power" with target)) and 
204/192.12.ccls.) not (@ad>20020316 or@rlad>20020316) 

- 19 ((((bias with substt:ate) and ("DC power" with target)) and 
204/192.12.ccls.) not (@ad>20020316 or@rlad>20020316)) and 
filter 
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,,.. 

- 8 (((((bias with substrate) and ("DC power" with target)) and USPAT; 2004/02/1111:39 
204/192.12.ccls.) not (@ad>20020316 or@rlad>20020316)) and US-PGPUB 
filter) and (oxide or oxynitride) 

- 1572 204/192.15.cds. USPAT; 2004/02/1111:40 
US-PGPUB 

- 68 {(bias with substrate) and ("DC power" with target)) and USPAT; 2004/02/1111:41 
204/192.15.ccls. US-PGPUB 

- 43 (((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/11 11:41 
204/192.15.ccls.) and (oxide or oxynitride) US-PGPUB 

- 39 ((((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/1116:23 
204/192.15.ccls.) and (oxide or oxynitride)) not (@ad>20020316 US-PGPUB 
or @rlad>20020316) 

- 4 (((((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/1111:44 
204/192.15.ccls.) and (oxide or oxynitride)) not (@ad>20020316 US-PGPUB 
or @rlad>20020316)) and filter 

- 56595 filter with band USP AT; 2004/02/1116:23 
US-PGPUB 

- 365 (bias with substrate) and ("DC power" with target) USP AT; 2004/02/11 16:31 
US-PGPUB 

- 7 (filter with band) and ((bias with substrate) and ("DC power" USP AT; 2004/02/1116:26 
with target)) US-PGPUB 

- 6 ((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/11 16:28 
"cladding layer" US-PGPUB 

- 2007 (deposit$3 with "cladding layer") USP AT; 2004/02/1116:29 
US-PGPUB 

- 0 ((bias with substrate) and (''DC power" with target)) with USP AT; 2004/02/1116:30 
(deposit$3 witp "cladding layer") US-PGPUB 

- 0 ((bias with substrate) and ("DC power" with target)) same USP AT; 2004/02/1116:30 
(deposit$3 with "cladding layer") US-PGPUB 

- 5 ((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/1116:30 
(deposit$3 with "cladding layer") US-PGPUB 

- 197 ((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/1116:32 
nitrogen US-PGPUB 

- 559562 oxide or oxynitride USP AT; 2004/02/1116:32 
US-PGPUB 

- 140 (((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/1117:14 
nitrogen) and (oxide or oxynitride) US-PGPUB 

- 3362 target with "magnetic field" USP AT; 2004/02/1116:38 
US-PGPUB 

- 107 ({bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/1116:40 
(target with "magnetic field") US-PGPUB 

- 21 deposit$3 with (backside with target) USP AT; . 2004/02/1212:12 
US-PGPUB 

- 5 ((bias with substrate) and ("DC power" with target)) and USPAT; 2004/02/1212:12 
(deposit$3 with (backside with target)) US-PGPUB 

- 262448 @ad>20020316 or @rlad>20020316 USP AT; 2004/02/1117:15 
US-PGPUB 

- 122 ((((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/1117:15 
nitrogen) and (oxide or oxynitride)) not (@ad>20020316 or US-PGPUB 
@rlad>20020316) 

- 16 (deposit$3 with (backside with target)) not (((bias with USP AT; 2004/02/1212:11 
substrate) and ("DC power" with target)) and (deposit$3 w,ith US-PGPUB 
(backside with target))) 

- 0 (deposit$3 with ("backside of the target")) not (((bias with USP AT; 2004/02/1212:11 
substrate) and ("DC power" with target)) and (deposit$3 with US-PGPUB 
(backside with target))) 

- 0 ((bias with substrate) and ("DC power" with target)) and USP AT; 2004/02/12 12:12 
(deposit$3 with ("backside of the target")) US-PGPUB 

- 0 deposit$3 with ("backside of the target") USP AT; 2004/02/12 12:13 
US-PGPUB 

- 0 ("backside of the target") USP AT; 2004/02/12 12:13 
US-PGPUB 
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Application No. 

10/101,863 

Office Action Summary Examiner 

Michelle Estrada 

Applicant(s) 

ZHANG ET AL. 

Art Unit 

2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 

earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )['gl Responsive to communication(s) filed on 02 December 2003. 

2a)0 This action is FINAL. 2b)['gi This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)['gl Claim(s) 1-39 is/are pending in the application. 

4a) Of the above claim(s) 15-39 is/are withdrawn from consideration. 

5)0 Claim(s) \:ij;'t ~ l~/are allowed. 
6)['gi Claim(s) 4-46.and 20 is/are rejected. 

7)['gl Claim(s) 7 and 21-24 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) ['gl Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 0 Information Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 
Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. 

5) 0 Notice of Informal Patent Application (PT0-152) 

6) 0 Other: 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20040211 
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Application/Control Number: 10/101,863 

Art Unit: 2823 

DETAILED ACTION 

Election/Restrictions 

Page 2 

Applicant's election of Group I (claims 1-14 and 20-24) in Paper filed 12/02/03 is 

acknowledged. Because applicant did not .distinctly and specifically point out the 

supposed errors in the restriction requirement, the election has been treated as an 

election without traverse (MPEP § 818.03(a)). 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-13 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over the combination of Le et al. (2003/0077914) and Fukui et al. (5,755,938). 

With respect to claim 1, Le et al. disclose providing pulsed DC power (22) to a 

target (14) (Page 4, Paragraph [0070]); providing bias power to a substrate (16) 

positioned opposite the target; providing process gas between the target and the 

substrate (Page 4, Paragraph [0067]). 

With respect to claim 7, Le et al. disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075). 
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Page 3 

With respect to claim 8, Le et al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Page 4, Paragraph (0067)). 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076)). 

With respect to claim 10, Le et al. disclose wherein the process gas further 

includes nitrogen (Page 5, Paragraph [0074]). 

With respect to claim 11, Le et al. disclose wherein providing pulsed DC power to 

a target includes providing pulsed DC power to a target which has an area larger than 

that of the substrate (See fig. 3). 

With respect to claim 12, Le et al. disclose further including uniformly sweeping 

the target with a magnetic field (Page 5, Paragraph [0073]). 

With respect to claim 13, Le et al. disclose wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction (Page 5, 

Paragraph [0073]). 

With respect to claim 20, Le et al. disclose conditioning a target (Page 4, 

Paragraph [0070)); preparing the substrate (Page 3, Paragraph (0065]); adjusting the 

bias power to the substrate (Page 4, Paragraph [0041]); setting the process gas flow 

(Page 4, Paragraph [0067]); and applying pulsed DC power to the target to deposit the 

film (Page 4, Paragraph [0071]). 

With respect to claims 2-4 and 6, One of ordinary skill in the art would have been 

led to the recited temperature, DC power, time pulse and bias power to routine 
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Page 4 

experimentation to achieve a desire layer thickness, device dimension, device 

associated characteristics a·nd device density on the finished wafer in view of the range 

of values disclosed. Furthermore, Le et al. disclose that sets of process parameters 

depend on the specific process chamber (Page 6, Paragraph (0081 ]). 

In addition, the selection of temperature, DC power, time pulse and bias power, its 

obvious because it is a matter of determining optimum process conditions by routine 

experimentation with a limited number of species of result effective variables. These 

claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, time pulse and bias power or any unexpected 

results arising therefrom. Where patentability is said to be based upon particular 

chosen temperature, DC power, time pulse and bias power or upon another variable 

recited in a claim, the Applicant must show that the chosen temperature, DC power, 
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time pulse and bias power are critical. In re Woodruf, 919 F.2d 1575, 1578, 16 

USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Le et al. do not disclose providing a DC power through a filter. 

With respect to claims 1 and 5, Fukui et al. disclose a sputtering process wherein 

the DC power supply (28) is connected through a band-pass filter. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Le et al. and Fukui et al. to enable the use of a DC power supply 

through a filter to be used in the process of Le et al. to adjust the impedance to have an 

infinite value so that no RF waves are superposed on a DC power form the DC power 

supply (Col. 6, lines 32-37). 

Allowable Subject Matter 

Claims 7 and 21-24 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the· base claim and any intervening claims. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 571-272-1855. The fax phone numbers 
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for the organization where this application or proceeding is assigned are 703-308-7722 

for regular communications and 703-308-7724 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

~rad a 
February 12, 2004 

#~ 
OUK CHAUDHURI 

SUPERVISORY PATrnT EXAMlf\!ER 
TECHNOLOGY CENTER 2800 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140-0016-00000 

1N THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

H. Zhang, et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: Biased Pulsed DC Reactive Sputtering 
of Oxide Films 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: Michelle Estrada 
) 
) 
) 
) Confirmation No.: 6938 
) 

REPLY TO OFFICE ACTION 

In reply to the Office Action mailed February 24, 2004, please amend the 

above-identified application as follows: 

Amendments to the Specification are included starting on page 2. 

/ 

Amendments to the Claims are reflected in the listing of claims starting on page 6. 

Remarks/Arguments are included in this paper starting on page 9. 
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AMENDMENTS TO THE SPECIFICATION: 

Please amend the specification as follows: 

Please amend paragraph [0048] as indicated below: 

[0048] RF sputtering of oxide films is discussed in Application Serial No. 09/903,050 (the '050 

application) (now U.S. Patent No. 6,506.289) by Demaray et al., entitled "Planar Optical Devices 

and Methods for Their Manufacture," assigned to the same assignee as is the present invention, 

herein incorporated by reference in its entirety. Further, targets that can be utilized in a reactor 

according to the present invention are discussed in U.S. Application serial no. (A.:ttemey Deeket 

}fo. M 12247 US} (the '247 a13plieati0a) 10/101,341 (the '341 application), filed concurrently 

with the present disclosure, assigned to the same assignee as is the present invention, herein 

incorporated by reference in its entirety. A gain-flattened amplifier formed of films deposited 

according to the present invention are described in U.S. Application serial no. (Attemey DeelEet 

}fo. M 12052 US) (the '052 applieatiea) 10/101,493 (the '493 application), filed concurrently 

with the present disclosure, assigned to the same assignee as is the present invention, herein 

incorporated by reference in its entirety. Further, a mode size converter formed with films 

deposited according to the present invention is described in U.S. Application serial no. (Attemey 

DeelEet }lo. M 12138 US) (the '138 applieatiea) 10/101.492 (the '492 application), filed 

concurrently with the present disclosure, assigned to the same assignee as is the present 

invention, herein incorporated by reference in its entirety. 

Please amend paragraph [0060] as indicated below: 

[0060] Target 12 can be formed of any materials, but is typically metallic materials such as, for 

example, combinations of Al and Si. Therefore, in some embodiments, target 12 includes a 

metallic target material formed from iatermetalie intermetallic compounds of optical elerrients 

such as Si, Al, Er and Yb. Additionally, target 12 can be formed, for example, from materials 

such as La, Yt, Ag, Au, and Eu. To form optically active films on substrate 16, target 12 can 

include rare-earth ions. In some embodiments of target 12 with rare earth ions, the rare earth 

ions can be pre-alloyed with the metallic host components to form iatermetalies intermetallics. 

See the '247 applieatiea. See the '341 application. 

-2-
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Please amend paragraph [0062) as indicated below: 

[0062) Several useful examples of target. 12 that can be utilized in apparatus 10 according to the 

. present invention include the following targets compositions: (Si/ Al/Er/Yb) being about 

(57.0/41.4/0.8/0.8), (48.9/49/1.6/0.5), (92/8/0/0), (60/40/0/0), (501501010), (651351010), 

(70/30/0,0), and (50,48.5/1.5/0) cat. %, to list only a few. These targets can be referred to as the 

0.8/0.8 target, the 1.6/.5 target, the 92-8 target, the 60-40 target, the 50-50 target, the 65-35 

target, the 70-30 target, and the 1.5/0 target, respectively. The 0.8/0.8, 1.6/0.5, and 1.5/0 targets 

can be made by pre-alloyed targets formed from an atomization and hot-isostatic pressing 

(HIPing) process as described in the '247 aj313lieati0a the '341 application. The remaining 

targets can be formed, for example, by HIPing. Targets formed from Si, Al, Er and Yb can have 

any composition. In some embodiments, the rare earth content can be up to 10 cat. % of the total 

ion content in the target. Rare earth ions are added to form active layers for amplification. 

Targets utilized in apparatus 10 can have any composition and can include ions other than Si, Al, 

Er and Yb, including: Zn, Ga, Ge, P, As, Sn, Sb, Pb, Ag, Au, and rare earths: Ce, Pr, Nd, Pm, 

Sm, Eu, Gd, Tb, Dy Ho, Er, Tm Yb and Lu. 

Please amend paragraph [0084) as indicated below: 

[0084] Figure 5 shows the voltage on target 12 of an embodiment of apparatus 10 according to 

the present invention as a function of process gas constitution. In the example illustrated in 

Figure 5, for example, a metallic target with composition .8 cat.% Er, .8 cat.% Yb, 57.4 cat.% 

Si and 41 cat.% Si, which can be formed as described in the '247 a1313lieati0a the '341 

application, was sputtered in an embodiment of apparatus 10 based on the AKT-1600 PVD 

system with 6 kW of pulsed DC power at a frequency of 120 kHz and a reverse time of 2.3 micro 

seconds. The Argon gas flow was set at 60 seem and the Oxygen gas flow was varied from zero 

up to 40 seem. For more details regarding this deposition, see Example 1 below. 

Please amend paragraph [0112] as indicated below: 
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[0112] An AKT 1600 based reactor can be utilized to deposit a film. In this example, a wide 

area metallic target of dimension 550X 650 mm with composition (Si/ Al/ErNb) being about 

57.0 cat. % Si, 41.4 cat. % Al, 0.8 cat. % Er, and 0.8 cat. % Yb (a ".8/.8" target) was fabricated 

as described in the '247 pateat the '341 application. 

Please amend paragraph [0119] as indicated below: 

[0119] A waveguide amplifier can be deposited according to the present invention. An 

embodiment of target 12 having composition 57.4 cat.% Si, 41.0 cat.% Al, 0.8 cat.% Er 0.8 cat. 

% Yb (the ".8/.8 target") can be formed as disclosed in the '24$ atJplieatieR the '341 application. 

The Er-Yb (0.8/0.8) co-doped Alumino-Silicate film was deposited onto a 6 inch wafer of 

substrate 16 which includes a 10 µm thick thermal oxide substrate, which can be purchased from 

companies such as Silicon Quest International, Santa Clara, CA. Target 12 was first cleaned by 

sputtering with Ar (80 seem) only in the metallic mode. Target 12 was then conditioned in 

poison mode by flowing 60 seem of Argon and 40 seem of oxygen respectively. The power 

supplied.to target 12 during conditioning was kept at about 6 kW. 

Please amend paragraph [0123] as indicated below: 

[0123] This example describes production of a dual core ErbiumNttrbium co-doped amplifier 

according to the present invention. In one example, substrate 16 is a silicon substrate with an 

undercladding layer of thermally oxidized Si02 of about 15 µm thick. Substrate 16 with the 

thermal oxide layer can be purchased from companies such as Silicon Quest International, Santa 

Clara, CA. A layer of active core material is then deposited on substrate 16 with a Shadow Mask 

as described in the '138 applieatieR the '492 application. Use of a shadow mask results in a 

vertical taper on each side of a finished waveguide which greatly enhances the coupling of light 

into and out of the waveguide. 

Please amend paragraph [0128] as indicated below: 

[0128] A reverse taper mode size converter, see the' 138 atJplieatieR the '492 application, is 

utilized for coupling light into waveguide amplifier 300. The insertion loss at 1310 nm is about 
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2 dB. Figure 26 shows the amplifier performance of this exampie. In Figure 26, amplifier 300 is 

pumped with 150 mW from one side pumping with 984 nm light. Gain flattening is achieved 

within about 1 dB in the range 1528 nm to 1562 nm for small input signals (-20 dBm). For large 

input signals (0 dBm), gain flattening is also achieved within about 1 dB. 

Please amend paragraph [0136] as indicated below: 

[0136] This example describes the fabrication of another Er-Yb codoped waveguide amplifier 

according to the present invention. The active core is deposited with an embodiment of target 12 

with composition about 49 cat. % Si, 48 cat. % Al, 1.6 cat. % Er and 0.5 cat. % Yb, which 

can be fabricated as described in the '247 a1313lieati0B the '341 application. Target 12 was first 

cleaned by sputtering with Ar (80 seem) only in the metallic mode. Target 12 was then 

conditioned in poison mode by flowing 60 seem of Argon and 40 seem of oxygen respectively. 

The pulsed DC power supplied to target 12 was kept at 5 kW. Table 4 shows photoluminescence 

and index ofrefraction of as-deposited films from this example at some typical process 

conditions. The units for photoluminescence are the number of counts per micron. Lifetime and 

photoluminescence measured after annealing at variqus different temperatures are shown in 

Table 5. 
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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

Please cancel claims 15-19 and 25-39, without prejudice. 

Claim 1 (Original): A method of depositing a film on a substrate, comprising: 

providing pulsed DC power through a filter to a target; 

providing bias power to a substrate positioned opposite the target; 

providing process gas between the target and the substrate, 

wherein the filter protects a pulsed DC power supply from the bias power. 

Claim 2 (Original): The method of Claim 1, further including holding the temperature of the 

substrate substantially constant. 

Claim 3 (Original): The method of Claim 1, wherein providing pulsed DC power through the 

filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz 

and about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

Claim 4 (Original): The method of Claim 1, wherein providing bias power to the substrate 

includes supplying up to 1000 W of RF power to the substrate. 

Claim 5 (Original): The method of Claim 4, wherein the filter is a band reject filter at the 

frequency of the bias power. 

Claim 6 (Original): The method of claim 4, wherein the bias power is zero. 

Claim 7 (Original): The method of Claim 1, wherein the film is an upper cladding layer of a 

waveguide structure and the bias power is optimized to provide planarization. 

Claim 8 (Original): The method of Claim 1, wherein the process gas includes a mixture of 

Oxygen and Argon. 
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Claim 9 (Original): The method of Claim 9, wherein the Oxygen flow is adjusted to adjust the 

index of refraction of the film. 

Claim 10 (Original): The method of Claim 8, wherein the process gas further includes nitrogen. 

Claim 11 (Original): The method of Claim 1, wherein providing pulsed DC power to a target 

includes providing pulsed DC power to a target which has an area larger than that of the 

substrate. 

Claim 12 (Original): The method of Claim 1, further including uniformly sweeping the target 

with a magnetic field. 

Claim 13 (Original): The method of Claim 12, wherein uniformly sweeping the target with a 

magnetic field includes sweeping a magnet in one direction across the target where the magnet 

extends beyond the target in the opposite direction. 

Claim 14 (Original): The method of Claim 1, further including depositing a film on the backside 

of target 12. 

Claims 15-19 (Canceled). 

Claim 20 (Currently Amended): A method of depositing a film on a substrate, comprising: 

conditioning a target; 

preparing the substrate; 

adjusting [[the]]£!: bias power to the substrate; 

setting [[the]]£!: process gas flow; and 

applying pulsed DC power to the target through a filter to deposit the film. 

Claim 21 (Original): The method of Claim 20, wherein conditioning the target includes 

sputtering with the target in a metallic mode to remove the surface of the target and sputtering 

with the target in poisonous mode to prepare the surface. 

-7-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 187 of 1543



Claim 22 (Original): The method of Claim 21, wherein setting the process gas flow includes 

adjusting constituents in order to adjust the index of refraction of the film. 

Claim 23 (Original): The method of Claim 21, wherein applying pulsed DC power includes 

setting the frequency in order to adjust the index of refraction of the film. 

Claim 24 (Original): The method of Claim 21, further including adjusting a temperature of the 

substrate in order to adjust the index of refraction of the film. 

Claims 25-39 (Canceled). 
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REMARKS 

Claims 1-39 are pending in the above identified application. Claims 15-19 and 25-39 

have been withdrawn from consideration in this application. Claims 1-14 and 20-24 are being 

considered in the present application. The Examiner has rejected claims 1-6, 8-13, and 20 and 

has objected to claims 7 and 21-24. Applicants herein traverse these rejections and request 

reconsideration by the Examiner. Applicants have amended the specification only to update 

references to pending applications that are referenced in the disclosure. Claim 20 has been 

amended. No new matter has been added by these amendments. 

Election/Restrictions 

The Examiner acknowledged Applicant's election of Group I claims for consideration in 

the present application. On the Office Action Summary form, the Examiner has incorrectly 

indicated that claims 15-39 have been withdrawn from this application. Instead, claims 15-19 

and 25-39 have been withdrawing while claims 1-14 and 20-24 are to be considered in the 

present application. 

Claim Rejections under 35 USC § 103 

The Examiner has rejected claims 1-13 and 20 under 35 U.S.C. 103(a) as being 

unpatentable over the combination of Le et al. (2003/0077914) and Fukui et al. (5,755,938). 

However, the combination of Le and Fukui does not teach all of the elements of the claims. 

Further, there is no motivation to combine the references Le and Fukui as suggested by the 

Examiner. 

As is discussed in the MPEP, 
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[t]o establish a prima facie case of obviousness, three basic criteria 
must be met. First, there must be some suggestion or motivation, 
either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference 
or to combine reference teachings. Second, there must be a 
reasonable expectation of success. Finally, the prior art reference 
(or references when combined) must teach or suggest all the claim 
limitations. The teaching or suggestion to make the claimed 
combination and the reasonable expectation of success must both 
be found in the prior art, and not based on applicant's disclosure. In 
re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). See 
MPEP § 2143 - § 2143.03 for decisions pertinent to each of these 
criteria. 

MPEP § 2142. In particular, there is no motivation to combine Le and Fukui as is suggested by 

the Examiner. Further, even if Le and Fukui were combined as suggested by the Examiner, the 

combination does not teach or suggest all of the claim elements of claims 1-13 and 20. 

1. Claims 1-13 and 20 are allowable over Le and Fukui because the combination of Le and 

Fukui does not teach all of the elements of these claims 

Claim 1 recites "providing pulsed DC power through a filter to a target" and "providing 

bias power to a substrate .... " Claim 20 recites "adjusting a bias power to the substrate" and 

"applying pulsed DC power to the target through a filter to deposit the film." Le and Fukui do 

not teach the combination of providing pulsed DC power to the target and a bias power to the 

substrate or providing pulsed DC power through a filter. 

Le teaches "processing of an anti-reflective coating on a substrate." (Le, par. 0001). In 

particular, Le teaches a process chamber, as shown in Figure 3 of Le, where 

[t]he substrate 16 is introduced into the chamber 36a through a 
substrate loading inlet (not shown) in a sidewall 45 of the chamber 
36a and placed on the support 18. The support 18 can be lifted or 
lowered by support lift bellows (not shown) and a lift finger 
assembly (also not shown) can be used to lift and lower the 
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substrate 16 onto the support 18 during transport of the substrate 
16 into and out of the chamber 36a. 

(Le, par. 0066). Process gas is introduced to the chamber through supply 23 of Figure 3. (See, 

Le, pars. 0067-0069). Additionally, Le teaches that 

[t]he PVD chamber 36a further comprises a sputtering target 14 
comprising titanium, facing the substrate 16. A collimator (not 
shown) may be mounted between the target 14 and the substrate 
support 18 if desired. The PVD chamber 36a may also have a 
shield 20 to protect a wall 12 of the chamber 36a from sputtered 
material, and typically, to also serve as an anode grounding plane. 
The shield 20 is electrically floating or grounded. The target 14 is 
electrically isolated from the chamber 36a and is connected to a 
voltage source, such as a pulsed DC power source 22, but which 
may also be other types of voltage sources. In one version, the 
pulsed DC power source 22, target 14, and shield 20 operate as a 
gas energizer 90 that is capable of energizing the sputtering gas to 
sputter material from the plasma. The pulsed DC power source 22 
applies a pulsed DC voltage to the target 14 relative to the shield 
20. The electric field generated in the chamber 36a from the 
voltage applied to the sputtering target 14 energizes the sputtering 
gas to form a plasma that sputters off the target material. 

(Le, par. 0070). 

Therefore, as described in Le, a pulsed DC power supply is connected to the target. 

However, no bias is applied to the substrate as is suggested by the Examiner. (See, OA, pgs. 2). 

At best, Le teaches that "shield 20 is electrically floating or grounded," (Le, par. 0070), which is 

not a bias as claimed in claims 1 and 20 of the present application. 

Furthermore, as opposed to the Examiner's suggestion, the teaching of Fukui et al. does 

not cure the defects in the teachings of Le. In particular, Fukui teaches "[a]n apparatus which 

allows a first film to be formed on a substrate by chemical vapor deposition (CVD) and a second 

film to be formed on the substrate by sputtering .... " (Fukui, abstract). In particular, Fukui · 

teaches a process chamber as shown in Figure 1 of Fukui. As described by Fukui, 
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.._/ 

[i]n the deposition chamber 10, as shown in FIG. 1, a first 
electrode 20 is disposed in a top portion thereof and a target 21 is 
detachably attached to a lower surface of the first electrode 20, 
while a second electrode 22 is disposed in a bottom portion of the 
deposition chamber 10 and a substrate 23 is detachably attached to 
an upper surface of the second electrode 22. The target 21 can be 
attached in place by using a known target mounting mechanism 
such an electrostatic chuck. 

(Fukui, col. 6, lines 10-18). Further, Fukui teaches that 

[a]n RF power supply (first power supply) 25 for outputting RF 
power is connected to the first electrode 20 with a matching circuit 
26 inserted between the first electrode 20 and the RF power supply 
25. The matching circuit 26 serves to make zero reflected waves of 
the RF power. 

(Fukui, col. 6, lines 26-30). Therefore, Fukui teaches that RF power is coupled to the target 

through a matching circuit. In addition, Fukui teaches that a DC power supply is coupled to bias 

the target. As Fukui states, 

[a]lso connected to the first electrode. 20 is a de power supply 28 
through a band-pass filter 27 such as a low-pass filter for 
adjustment of impedance. The band-pass filter 27 serves to adjust 
the circuit impedance to have an infinite value so that no RF waves 
are superposed on a de power from the de power supply 28. 

(Fukui, col. 6, lines 26-36). Therefore, Fukui teaches utilizing a DC power supply coupled 

through a filter to the target. Additionally, Fukui teaches applying another RF power supply to 

the second electrode. As is stated in Fukui, 

[f]urther, an RF power supply (second power supply) 30 for 
outputting RF power is connected to the second electrode 22 with a 
matching circuit 31 inserted between the second electrode 22 and 
the RF power supply 30, the matching circuit 31 serving to act as 
with the matching circuit 26. 

(Fukui, col. 6, lines 37-41). 

Therefore, Fukui teaches applying RF power supplies to both target and substrate and . 

applying a DC voltage to the target. Fukui does not teach a pulsed DC power supply or applying 
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power from a pulsed DC power supply through a filter to the target, as is suggested by the 

Examiner. (OA, page 5). 

Therefore, the combination of Le and Fukui do not teach "providing pulsed DC power 

through a filter to a target" as is recited in claim 1 or "applying pulsed DC power to the target 

through a filter to deposit the film" as is recited in claim 20. Additionally, the combination of Le 

and Fukui does not suggest the combination of providing pulsed DC power to the target and a 

bias power to the substrate or providing pulsed DC power through a filter. Therefore, claims 1 

and 20 are allowable over the combination of Le and Fukui because that combination does not 

teach all of the elements of the claims. 

Claims 2-13 depend from claim 1 and are therefore allowable for at least the same 

reasons as is claim 1. The Examiner's comments with regard to claims 2-13 are rendered mute 

by this discussion and therefore Applicant's neither comments on nor agrees with those 

comments. 

2. Claims 1-13 and 20 are allowable over Le and Fukui because there is no motivation to 

combine Le and Fukui as is suggested by the Examiner 

The Examiner has not fulfilled the burden required to show obviousness of claims 1-13 

and 20 over Le and Fukui. Instead, the Examiner has utilized impermissible hindsight to 

combine the~e two references. As discussed in the MPEP, 

[t]he initial burden is on the examiner to provide some suggestion 
of the desirability of doing what the inventor has done. "To support 
the conclusion that the claimed invention is directed to obvious 
subject matter, either the references must expressly or impliedly 
suggest the claimed invention or the examiner must present a 
convincing line ofreasoning as to why the artisan would have 
found the claimed invention to have been obvious in light of the 
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teachings of the references." Ex parte Clapp, 227 USPQ 972, 973 
(Bd. Pat. App. & Inter. 1985). See MPEP § 2144 - § 2144.09 for 
examples of reasoning supporting obviousness rejections. 

MPEP § 2142. The Examiner simply states that "[i]t would have been within the scope of one of 

ordinary skill in the art to combine the teachings of Le et al. and Fukui et al. to enable the use of 

a DC power supply through a filter to be used in the process of Le et al. to adjust the impedance 

to have an infinite value so that no RF waves are superposed on a DC power form [sic] the DC 

power supply (Col. 6, lines 32-37)." (OA, page 5). However, Le utilizes a pulsed DC power 

supply and not a DC power supply. Therefore, utilizing a filter provided for a DC power supply 

is not obvious and may not be necessary in the system taught by Le because of the lack of a bias. 

Fukui teaches an RF power supply coupled to the target but does not teach a pulsed DC 

power supply. Instead, Fukui utilizes a dual RF system where an RF power supply is coupled to 

the target and another RF power supply is coupled to the substrate. There is no suggestiot;l. in 

Fukui that a pulsed DC power supply can be substituted for the RF power supply coupled to the 

target, nor would one skilled in the art be inclined to replace that RF power supply with a pulsed 

DC power supply. Further, there is no suggestion in Le to substitute a pulsed DC supply for an 

RF power supply. 

Additionally, Fukui claims several advantages to utilizing separate RF power supplies on 

the two electrodes (i.e., coupled to the target and the substrate) during depositions, in effect 

teaching away from application of other power supplies. In particular, Fukui suggests that 

"[ s ]ince the first and second electrodes are provided in the deposition chamber and are supplied 

with the RF power separately, the ion bombardment energy and the ion flux can be controlled 

independently of each other." (Fukui, col. 9, lines 23-26). As a result, several benefits of the 

Fukui process are discussed in Fukui, including controlled cleaning of the deposition chamber, 
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See Fukui, col. 9, lines 26-29, film depositions can be performed in optimum conditions, See 

Fukui, col. 9, lines 35-36, and along with a small DC bias placed on the target, greater sputtering 

efficiency can be achieved, See Fukui, col. 9, lines 46-48. 

As discussed above, therefore, there is no motivation for one skilled in the art to combine 

the references Le and Fukui in the fashion suggested by the Examiner. Therefore, claims 1 and 

20 are not obvious from the references Le and Fukui. Claims 2-13 depend from claim 1 and are 

therefore allowable for at least the same reasons as is claim 1. The Examiner's comments with 

regard to claims 2-13 are rendered mute by this discussion and therefore Applicant's neither 

comments on nor agrees with those comments. 

Allowable Subject Matter 

The Examiner has objected to claims 7 and 21-24 "as being dependent upon a rejected 

base claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims." (OA, page 5). As discussed above, 

claim 1 is allowable over the cited art. Claim 7 depends from claim 1 and is therefore allowable 

for at least the same reasons as is claim 1. Applicants, therefore, decline to amend claim 7 to 

include the limitations of claim 1. 

Similarly, claims 21-24 depend on the allowable claim 20 and are therefore allowable for 

at least the same reasons as is claim 20. Applicants, therefore, decline to amend claims 21-24 to 

include the limitations of claim 20 and any intervening claims. 
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t) I .. 

Conclusion 

In view of the foregoing amendments and remarks, Applicant respectfully requests 

reconsideration and reexamination of this application and the timely allowance of the pending 

claims. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Dated: July 23, 2004 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140-0016-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

H. Zhang, et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSED DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: Michelle Estrada 
) 
) Confirmation No.: 6938 
) 
) 
) 

TRANSMITTAL LETTER 

Enclosed is a reply to the Office Action of February 24, 2004. The item(s) checked below are 

appropriate: 

(gJ Applicant(s) hereby petition(s) for a 2 month(s) extension of time to respond to the above Office 
Action. The Commissioner is hereby authorized to charge the fee of $210 for the Extension to 
our deposit account No. 06-0916. 

The claims are calculated below: 

Claims Remaining Highest Number Present Rate Additional 
After Amendment Previously Paid Extra Fee 

Total 24 - 39 0 x $ 18 $ 0 

Indep. 2 - 5 0 x $ 86 $ 0 

LJ First Presentation of Multiple Dep. Claim(s) +$290 

Subtotal$ 

Reduction by Y2 if small entity -

TOTAL$ 0 

D A fee of $0 to cover the cost of the additional claims added by this reply is enclosed. 
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..... 

Commissioner is hereby authorized to charge a fee of$180 to our deposit account No. 06~0916 to 
cover filing of Information Disclosure Statement under 3 7 C.F.R. § 1.97( c ). 

D A check for $0 to cover the above fee(s) is enclosed. 

Please grant any extensions of time required to enter this response and charge any additional 

required fees to our deposit account 06-0916. 

Dated: July 23, 2004 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER, L.L.P. 

By:At:t4~ 
Reg. No. 41,008 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140-0016-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

H. Zhang, et al. ) Group Art Unit: 2823 
) 

Application No.: 10/101,863 ) Examiner: Michelle Estrada 
) 

Filed: March 16, 2002 ) Confirmation No.: 6938 
) 

For: Biased Pulsed DC Reactive Sputtering ) 
of Oxide Films 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

PETITION FOR 2 MONTH EXTENSION OF TIME 

Applicants hereby petition for a two month extension of time to reply to the Office 

Action of February 24, 2004. Commissioner is hereby authorized to charge a fee of $210.00 to 

our deposit account No. 06-0916. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

07/2G/2004 HDEMESS1 00000013 OG091G 101018G3 

02 FC:2252 210.00 DA 

Dated: July 23, 2004 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:JililL 
y J. dw s 

Reg. No. 41,008 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140-0016-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 
) 

H. Zhang, et al. ) Group Art Unit: 2823 
) 

Application No.: 10/101,863 ) Examiner: Michelle Estrada 
) 

Filed: March 16, 2002 ) Confirmation No.: 6938 
) 

For: Biased Pulsed DC Reactive Sputtering ) 
of Oxide Films 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants brings to the attention of 

the Examiner the documents listed on the attached PTO 1449. This Information Disclosure 

Statement is being filed after the events recited in Section l .97(b) but, to the undersigned's 

knowledge, before the mailing date of either a Final action, Quayle action, or a Notice of 

Allowance. Under the provisions of 37 C.F.R. § l.97(c), the Commissioner is hereby authorized 

to charge a fee of$180.00 as specified by Section l.l 7(p) to our deposit account No. 06-0916. 

Copies of the listed documents are attached. 

Applicants respectfully request that the Examiner consider the listed documents 

and indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better 

art exists and does not constitute an admission that each or all of the listed documents are 

07/2&/2004 HDErtESS1 00000013 OG091b i01018&3 

01 FC:1806 180.00 DA 
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material or constitute "prior art." If the Examiner applies any of the documents as prior art 

against any claims in the application and Applicants determine that the cited documents do not 

constitute "prior art" under United States law, Applicants reserve the right to present to the office 

the relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the 

patentability of the disclosed invention over the listed documents, should one or more of the 

documents be applied against the claims of the present application. 

lfthere is any additional fee due in connection with the filing of this Statement, 

please charge the fee to our Deposit Account No. 06-0916. 

Dated: July 23, 2004 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 
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FIG._9 

toured rails. contoured surfaces (415, 418), cam plates 
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or thickness control due to anomalies in magnetic field 
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when sputtering substrates (utilized primarily for rectan
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Description 

This invention relates to the field of magnetrons and 
particular configurations for their use with sputtering 
chambers to control film thickness for sputter deposited 
film. In particular this invention relates to controlling the 
deposited film thickness on substrates by varying the 
distance between a portion or the permanent magnets 
comprising the magnet array in the magnetron and the 
sputtering target as the magnetron moves laterally 
across the back of the sputtering target during sputter
ing. 

Sputtering describes a number of physical tech
niques commonly used in, for example, the semicon
ductor industry for the deposition of thin films of various 
metals such as aluminum. aluminum alloys, refractory 
metal silicides, gold, copper. titanium, titanium-tung
sten, tungsten, molybdenum. tantalum and less com
monly silicon dioxide and silicon on an item (a sub
strate). lor example a substrate or glass plate being 
processed. In general. the techniques involve producing 
a gas plasma of ionized inert gas 'particles' (atoms or 
molecules) by using an electrical field in an evacuated 
chamber. The ionized particles are then directed toward 
a 'target' and collide with it. As a result of the collisions. 
free atoms or neutral or ionized groups of atoms of the 
target material are released from the surface of the tar
get, essentially liberating target material are released 
from the surface of the target, essentially liberating 
atomic-level particles from the target material. Many of 
the free particles which escape the target surface con
dense and form (deposit) a thin film on the surface of 
the object (e g. wafer. substrate) being processed, 
which is located a relatively short distance from the tar
get. 

One common sputtering technique is magnetron 
sputtering. When processing substrates using magnet
ron sputtering. sputtering action is concentrated in the 
region of the magnetic field on the target surface so that 
sputtering occurs at a higher rate and at a lower process 
pressure than possible without the use of magnets. The 
target itself is electrically biased with respect to the sub
strate and chamber, and functions as a cathode. Objec
tives in engineering the cathode and its associated mag
netic field source include uni1orm erosion of the target 
and uniform deposition of pure target material on the 
substrate being processed. 

II, during sputtering, magnets generating a magnet
ic field are stationary at a location, then continuous sput· 
tering consumes a disproportionate fraction of the· sput
tering target thickness at that location quickly and gen· 
erates hot spots at the locations of sputtering. Therefore 
magnets are continuously moved across the back side 
of the target in a path designed to cause uniform utiliza
tion of the target's surface and sputter deposit a corre
spondingly un~orm film thickness on the substrate being 
processed. Spullering a target creates a deposition pat
tern on the substrate which generally matches the utili-

iNSDOCrO: <EP _0820re8A2_1_> 

zation (erosion) pattern on the target surface. 
To avoid contamination of the processing chAmber 

and substrate processed therein. sputtering is stopped 
before the non-uniform sputtering wear pattern has con-

5 sumed the lull thickness of the target material at any 
point. II any point on the plate behind the target were to 
be reached, sputtering of the target backing plate ma
terial (often copper) would occur, contaminating the vac
uum chamber and the substrate being processed with 

10 the target backing material. Because of the non-uniform 
pattern of target utilization, sputtering is usually stopped 
when a large percentage of the target remains. 

As the target erodes, the distance between the tar
get surface (Which is eroding away) and the substrate 

15 being sputtered is slowly increasing. The change in the 
distance between the target surface and the substrate 
being sputtered creates a change in the qualities of the 
sputtered material deposited and its uniformity. When 
material is deposited on large areas such as glass 

20 plates, variations in lhe thickness or deposited sputtered 
material are measurable and, may be unacceptable. 

In generating the gas plasma and creating ion 
streams impacting on the cathode, considerable energy 
is supplied. This energy must be dissipated to avoid 

25. melting or nearly melting the structures and components 
involved. A common technique used for cooling sputter
ing targets is "to pass water or other cooling liquid 
through a fixed internal passage of the sputtering target. 
Another cooling technique which is commonly used is 

30 to expose a back side of a target to a cooling bath. Cool
ing liquid circulating through the bath container assists 
in controlling the temperature of the back of the target 
assembly. A magnet assembly (magnetron) located on 
the back side of the target with a backside cooling bath 

35 moves within the liquid of the cooling bath. 
Figures 1, 2, and 3 show a prior art sputtering cham

ber 50 in which a rectangular substrate 64 (shown in 
dashed lines in Fig. 1) is supported on a pedestal 52. A 
target assembly 58, consisting of a target backing plate 

40 56 and a target 54 having a front face facing the pedestal 
52, covers the upper flange of the processing chamber 
sealing it. On the side of the target assembly opposite 
from the pedestal 52 a magnetron chamber 60 encloses 
a magnetron assembly 62. The magnetron chamber 60 

45 can be made vacuum tight to reduce the differential 
pressure across the target assembly 58 (with cooling flu
id being routed through the target assembly), or it can 
be filled with cooling liquid to provide a cooling bath in 
contact with the back side of the target assembly 58. To 

50 enhance sputtering of a rectangular shaped substrate 
64 (generally matching the shape of the outside of the 
chamber 50) the magnetron assembly 62 is a linear bar 
with rounded ends. The magnetron assembly 62 moves 
in a horizontal, back and forth (reciprocal) pattern within 

55 the magnetron chamber 62 as shown in by the arrows 
68. The magnetron assembly passes through the mag
netron chamber 62 and to the dashed outline of the mag
netron assembly 62a. The outline of the area covered 

2 
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by magnetron movement is shown by the dashed line 

66. 
The magnetron assembly 62 as shown in Figure 3 

runs parallel to the target assembly 58 along one of a 

range of elevations between the low and high extremes 

(e.g., 96, 98), which are greatly exaggerated in this fig-

ure. The particular elevation (e.g., 96, 98) is dependent 

on the desired distance 92 from the front face of the tar-

5 

spending deposition thickness anomalies on the sub
strate being sputtered. 

The current specifications for target film thickness 

uniformity (even for large plates. such as the 50 by 60 

centimeter plate shown in Figure 6) is 5% or better. The 

anomalies of high erosion at the corners of the target as 

shown by the regions 242, 244 cause great concern in 

meeting the specification as they distort the film thick
ness uniformity so that a film thickness uniformity of only get 54, which in turn determines the degree of sputtering 

enhancement desired for a particular process chamber 

pressure and sputtering process being used. 
A conceptualized illustration of the magnetic field 

present around the strong Neodymium Boron Iron mag
nets used in the magnetron assembly is shown in the 

cross section of Figure 4. The positive poles 72, 74, 76, 

78 of the magnets shown, e.g., 70, are on the top (away 

from the sputtering target) in the outside loop 84 (Fig. 

10 approximately 7% can be achieved. To improve uniform

ity the excessive erosion in the two regions 242, 244 

must be reduced or eliminated so that the specification 

tor film thickness uniformity can be met. 
The observation of the high erosion in the corners 

1) of permanent magnets and on the bottom (close to 

the sputtering target) in the inside loop 82 (Fig. 1 ), al
though the polarilies may be reversed. A magnet back
ing plate 80 bridges the magnetic field on the top side 

of the magnetron thus preventing the magnetic field 
from extending up from the top side of magnetron as
sembly. In contrast, the magnetic field on the bottom 

side between adjacent magnets is conceptualized by 

the loops 86 showing a diminishing magnetic field 

strength farther down from the magnetron assembly 62. 

15 has initiated a great deal of scrutiny without an identifi

cation of its true source. The positioning of an array of 

permanent magnets in the magnetron assembly as

sures a uniform magnetic field throughout the magnet

ron assembly. The general uniformity of the magnet field 

20 emanating from the magnetron is confirmed by the gen

erally uniform erosion profile across the center of face 

of the target. Speculation about the source of the reason 
for the anomaly in the corners included research to de

termine whether a source of electrical or magnetic field 

25 anomalies could be identified. None has been identified. 

The loops of the magnetic field lines 86, portray a com

paratively strong magnetic field in the loop 88 adjacent 
to the magnets, and drop off in the magnetic field 30 

strength rapidly as a function of the distance to a com
paratively weakened magnetic field strength at the loop 

90 farthest from the magnets. (The loops show an ap
proximation of the diminution of the magnet field 
strength with distance). Any vertical movement of the 35 

magnetron assembly 62 that increases the distance be

tween the front face of the target and the magnetron as
sembly 62 from the distance 92 (Fig. 3) to the distance 

94 (Fig. 5), reduces the magnetic field strength at the 

surface of the target lacing the pedestal 52 by a factor 40 

of approximately 5, relative to the range of field strength 

loops shown in Figure 4. 
Figure 6 shows a target erosion profile for a target 

of 6061 Al in 2000 kilowatt hour power range. The con
tours shown by the plot show a generally unitorm utili- -is 
zation of the target with a slight increase in erosion near 
the ends ot the profile (a dwell location). The pattern ob

servable from at lhe dwell locations corresponds to the 

shape of the magnet tield emanating from magnetron 

assembly. The target erosion profile as shown here is 50 

related to the rate of deposition and film thickness uni
formity or thickness control on a substrate being sput

tered located opposite such a target (areas showing 
greater erosion on the target result in areas having 

greater deposition on the substrate). In this particular 55 

instance, there are two areas of relatively high erosion, 

one at the upper right corner 242 and the other at lower 

left hand corner 244 of Figure 6, which produce corre-

3 
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Figure 7 is a plot representing the film thickness on 

the surtace of a substrate. It confirms the uniformity of 

the film thickness on the surface of a rectangular sub

strate. This plot shows an approximately mirror image 

correlation with the target erosion profile of Figure 6. 

In the field of thin film deposition. a size of sub

strates is becoming larger and larger since there is in
creasing need for larger size LCD screen. For example, 

current substrate size for production is up to 400 mm X 

500 mm, however, the size will be expanded up to 600 

mm X 700 mm or larger in the future. 
One of the most difficult tasks in thin film deposition 

is how to achieve uniform deposition over a substrate. 

This shortcoming becomes the dominant factor prevent
ing the economical production of larger and larger LCD 

screens. 
The shortcomings in film thickness uniformity or 

thickness control of the existing sputtering target sys

tems as described above continue to inhibit the wide use 

of sputtering as an efficient and cost-effective means for 

applying surtace coatings on large substrates. 
A structure and method according to the invention 

reduces the film thickness anomalies as discussed 

above. 
Where target erosion anomalies occur, a change in 

the strength o1 the magnetic field exposed to the target 

at those locations has been found to improve the uni

formity or control the variation in thickness of the depos

ited film. One way to change the film thickness at any 

such location is to provide a localized change in the 

magnetic field strength while maintaining the uniformity 

of magnetic field strength over the rest of the target area. 
A magnet member (the magnetron assembly) is lo-
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cated in proximity to the sputtering target. and is provid· 

ed with ;:i milgnetic member cycling system (drive sys· 

tern), which causes the magnet member to move in a 

sel or-recurring pattern. The recurring pattern is defined 

by a set of points defining a pattern reference surface. 

The pattern reference surface is defined by a set ot lat· 

eral coordinates and a set ot vertical coordinates ot the 

pattern. The lateral coordinates establish a grid defining 

the lateral locations at which the vertical coordinates de· 

tine a set ot elevations of the pattern reference surface, 

either on the reference surface or on an offset reference 

surface {which is parallel to but offset from the reference 

surface). 
The pattern reference surface includes a divergent 

portion (a preset pattern of relative motion) having a 

subset ot elevations which tall outside a range ot toler

ance tor parallelism between the pattern surface and a 

relerence surtace of the sputtering target. Movement of 

the magnetron in the divergent portion reduces or in· 

creoses the magnetron field strenglh at the surface of 

the tC119et. 
The reference surface of the sputtering target can 

be its front face. It could be a middle axis of the sputter· 

ing target. or it could be a back face. It should be obvious 

5 

high end of the first bearing rail. Such a tilted configura

tion will cause a flight path or surface pilttern {profile) 

for the magnetron assembly that includes regions of the 

surface pattern that fall outside a standard tolerance for 

parallelism between the magnetron path pattern refer· 

ence surface and the reference surface of the target. In 

one configuration the magnetron is tilted in one direction 

at one end of the back and forth travel. and is tilted in 

the opposite direction at the opposite end ot the back 

10 and forth travel. A change in rail elevation as small as 

0.020' • 0.030' (500-750µm) in central regions of the 

travel has a noticeable effect because of the strength of 

the magnetic field decreases greatly over a small dis· 

tance. The effect of a change in the elevation of a linear 

15 rail of 0.030' end to end of a 2-foot travel path provides 

an improvement in the variation in tilm thickness uni

formity from approximately 8% to approximately 3-4% 

(providing a improvement which meets the 5% specifi· 

20 
cation). 

In another configuration, according to the invention, 

it is possible that when utilizing two bearing rails that 

they be curved or otherwise patterned to move the mag· 

net member (magnetron assembly or one end of the as· 

to persons of ordinary skill in the art that the intensity of 25 

the magnetic field should be approximately equal over 

sembly) close to and away from the target surface in a 

particularly described pattern to increase and decrease 

the magnetic field strength to promote an improvement 

the surface of lhe sputtering target facing the sputtering 

chamber. Therefore. the definition of the reference sur

face of a sputtering target can be any surface real or 

imng1ned thFlt can be defined generally by geometric or 

mathematical means as being parallel to the surface ot 

a sputtering target, whether that surface be straight or 

curved. It is assumed that such a straight or curved sur-

face is a continuous one (without sudden steps) and is 

generally used as a reference for parallelism before 

sputtering occurs (an un-used pre-sputtering configura

tion). because after sputtering has begun the target ero-

sion will deform the shape of the sputtering target and 

start to generate differences in the uniformity of film 

thickness due to small, but detectable, differences in the 

target erosion rate across its surface. 
It may be desirable to have uniform film thickness 

over some portions of the substrate and have varying 

thicknesses 1n other regions. The structure and method 

according to the invention allows control of the film thick

ness deposited, by varying the strength of the magnetic 

field. An approximately uniform film thickness can be 

ochieved, but so can a prescribed pattern of film thick

ness which is not necessarily uniform, for example one 

which is thicker at the edges to provide an easier con

nection to external wiring. 
In one configuration. a change in the magnetic field 

strength can be accomplished when using a two bearing 

rail system merely by tilting opposite corners of oppos

ing rails in opposite directions (the magnetron acting as 

a bearing truck between the rails). For example, by pro

viding a high end and a low end on one bearing rail while 

the opposite beRring rail has its low end opposite the 
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in the control or uniformity of. the deposited film thick· 

ness. 
Utilizing a magnet member moving in the trans-

30 verse (lateral) direction, it is possible to provide several 

tracks (more than two) to help guide the magnet mem· 

ber. The magnet member (magnetron) can be divided 

into two or more sub-sections to assist in maintaining a 

uniform target profile. For example, it is possible to pro-

35 vide three generally parallel bearing rails (a set of tracks) 

which support two magnet member sub-sections be

tween them. The outside bearing rails can be relatively 

flat, while the inside bearing rail could dip down or rise 

up to change the magnetic field intensity. Similarly, the 

40 magnet member could be constructed of a 'series of 

magnet member sub-sections (connected in a housing 

or separate from one· another) with each magnet sub· 

section following the contour of its own rail or path as it 

moves from one end to the other end of the processing 

45 chamber. 
In another configuration, a cam plate surtace which 

includes a series ol slots and surface followers which 

are connected to the subsections of the magnet mem· 

ber. Movement of the magnet member from one end to 

50 the other causes the elevation of each separate sub· 

section of the magnet member to follow the pattern of 

the cam surface. Varying the elevation of various mag· 

net subsections by the use of a mechanical cam surface 

follower system can also be reproduced by utilizing 

55 vertical activation devices such as motors and vertical 

drives which cause each magnet member subsection to 

move vertically according to a pre-programmed contour 

depending on its lateral location. Such movement could 

4 
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potentially change the sputtering intensity at the osten

sible location of sputtering anomfllies, which create an 

uneven erosion profile, to eliminate such anomalies and 

improve the film thickness uniformity. 

It is known that the distance between the face of the 5 

sputtering target and the substrate being sputter depos-

ited is one factor in determining the film thickness de

posited on the substrate. However when sputtering 

large substrates, because the center of the target is far-

ther away from the source of sputtering power, and there 10 

tends to be a drop in the sputtering intensity at the center 

of a large target. Therefore, to compensate for this drop, 

the magnet field at this location (region) could be grad· 

ually increased by moving the magnetron closer to the 

sputtering target at the center to improve the film thick- 15 

ness uniformity. 

Another configuration for improving film thickn~ss 
uniformity is to tilt (roll or pitch) only the end of the mag

netron near the end ol its travel. The bearing rails sup

porting the magnetron are kept straight and level and 20 

the end of the magnetron is tilted by utilizing a localized 

ramp (cam) and roller (cam follower). Either the ramp or 

the roller is located on the end of the magnetron and the 

ramp or follower is located on a stationary support fixed 

to the processing chamber. Tho lateral motion of the 25 

magnetron at a particular location causes the cam to en

gage the cam follower causing a tilling force to be gen· 

erated. The tilting force pushes the end of the magnet-

ron in a vertical direction to cause the magnet member 

reference surface to describe the divergent portion. The 30 

lilt can be a roll motion or a pitch motion as the terms 

roll and pitch are understood when referring to an air

craft's attitude - the magnet member (magnetron) relat-

ing to a fixed wing on an aircraft. 

Electromagnets can be used in the magnetron and 35 

the magnetic field of the electromagnets can be varied 

to cause changes in the strength of the magnetic field 

to affect and control the film thickness desired. 

A method according to the invention includes the 

steps of moving a magnet member laterally in the prox· 40 

imity of a sputtering target and moving portions of said 

magnet vertically, a distance greater than a tolerance 

for parallelism between a reference plane and the plane 

of motion at selected locations to vary the magnetic lield 

strength causing a divergence from the plane to improve 45 

the film thickness control. Another method according to 

the invention includes the steps of moving a magnet 

member laterally along a track and moving portions of 

the magnet member in a vertical direction simultaneous-

ly with the lateral motion of the magnet member to so 
chE)nge the magnetic field intensity utilized for sputtering 

at one or more locations along the track to improve film 

thickness uniformity for sputtering. 

These structures and methods provide a degree of 

improvement in the control of film thickness not known 55 

or utilized in the prior art. 

The following is a description of some specific em

bodiments of the invention, reference being made to the 

BNSOOCtO: <EP _0820066A2.I.> 
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accompanying drawings, in which: 

Figure 1 is a schematic top view of a prior art mag

netron enclosure: 

Figure 2 is a cross sectional end view of the sput

tering chamber separated from the prior art magn

etron chamber of Figure I by the target assembly; 

Figure 3 is a side cross sectional view of the appa

ratus of Figure 2 showing the conceptualized mag· 

netic field of the magnetron extending far beyond 

the sputtering target; 

Figure 4 is a cross sectional view of the magnetron 

including permanent magnets and a conceptualiza

tion of the magnetic field emanating downwardly 

therefrom; 

Figure 5 is a second side cross sectional view of the 

apparatus of Figure 2 showing the magnetron 

raised up to a higher elevation with the conceptual· 

ized magnetic field from the magnetron just barely 

extending beyond the sputtering target; 

Figure 6 is a prior art target erosion profile showing 

the pattern of erosion (utilization) of the sputtering 

target during sputtering; 

Figure 7 shows the film thickness profile on a sub

strate as determined from a sheet resistance anal· 

ysis using a five point probe (which is inversely pro· 

portional to film thickness).for a sputtering target uti

lizing the prior art magnetron chamber; 

Figure B is a plot of the film thickness contours of a 

-sputtering target assembly from a sheet resistance 

analysis using a five point probe (which is inversely 

proportional to film thickness) when using a struc· 

ture and method according to the invention; 

Figure 9 is a schematic perspective view of a mag

netron chamber utilizing a center bearing rail to sup· 

port the magnetron; 

Figure 10 is a schematic representation showing an 

exaggerated dimension of the center magnetron 

support beam of Figure g and its rotation as it travels 

along the center beam support; 

Figure 11 is a cross sectional view of a magnetron 

support beam taken at 11·11 of Figure 14; 

Figure 12 is a cross sectional view of a magnetron 

support beam taken at 12·12 of Figure 14; 

Figure 13 is a cross sectional view of the magnetron 

support beam taken at 13· 13 of Figure 14; 

Figure 14 is a top view of a magnetron chamber ac

cording to the invention with a center magnetron 

support beam; 

Figure 15 is a perspective view of a bearing channel 

beam with bearing tracks (rails) supported on the 

central beam as shown lor example in f'igure 9; 

Figure 16 is a modified bearing support rail showing 

the channel being split and being raised one side ol 

each end of the channel to provide the vertical travel 

of portions of the magnetron; 

Figure 17 shows a top plan view of the end of the 

magnetron as shown in Figure 18 as it about to en-
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gage the ramp (cam) to be lifted; 
Figure 17A shows a top plan view of the end of the 

magnetron as shown in Figure 18A as it about to 

engage the ramp (cam) to be lifted; 

Figure 18 is a partial cross sectional view of a mag- s 
netron chamber taken at 18-18 of Figures 20 and 

24, showing the ramp which raises the end of the 

magnetron at opposite ends of the chamber; 

Figure 18A is a partial cross sectional view of a 

mi;ignetron chamber taken at 18A-18A of Figures 10 

20A. showing the ramp which tips the edge of the 

magnetron at opposite ends of the chamber; 

Figure. 19 shows a cross sectional side view show-

ing the position of the ramp in relation to the mag-

~~: ~ 

Figure 20 shows the top plan view of the magnetron 

chamber having a magnetron whose ends are sub-

ject to being raised by ramps at opposite corners; 

Figure 20A shows the top plan view of the magne-

tron chamber having a magnetron whose ends are 20 

subject to being raised by ramps at its corners: 

Figure 21 shows a schematic cross section of a de

formable horizontal magnetron whose end is bent 

up in a curved shape, taken at 21-21 in Figure 24; 

Figure 21 A shows a schematic cross section of a 25 

rigid horizontal magnetron whose end is raised up, 

taken at 21-21 in Figure 24; 
Figure 22 is a schematic cross sectional view of the 

deformable horizontal magnetron, taken at 22-22 in 

Figure 24; 30 

Figure 22A is a schematic cross sectional view of 

the rigid horizontal magnetron. taken at 22-22 in 

Figure 24; 
Figure 23 is a cross sectional view of the deforma-

ble horizontal magnetron whose end is bent up, tak- 35 

en at 23-23 in Figure 24; 

Figure 23A is a cross sec1ional view of the rigid hor

izontal magnetron whose end is bent up. taken at 

23-23 in Figure 24; 
Figure 24 is a schematic top view of a magnetron 40 

chamber where the magnetron is supported near its 

center, including ramps at opposite corners to influ

ence the vertical position of the end of the magne-

tron when the magnetron is moved near either end 

of its travel; 45 

Figure 25 is a bottom plan view of a magnetron 

chamber utilizing a central beam support for the 

magnetron track; 
Figure 26 is a cross sectional view of the magnet ran 

chamber of Figure 25; 50 

Figure 27 is a schematic perspective view of a mag

netron chamber enclosing a traveling magnetron 

supported by two horizontal beams near its ends; 

Figure 28 is a schematic representation of the ele

vation change (rotation) of the magnetron as it trav- 55 

els one end to the other along inclined tracks as 

shown in Figure 27; 
Figure 29 is a schematic cross sectional view of a 

6 
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magnetron supported from two generally parallel 

rails (tracks) according to the invention; 

Figure 30 is a cross sectional view showing the 

magnetron support rails and magnetron attitude, 

taken at 30-30 in Figure 33: 
Figure 31 is a cross sectional view showing the 

magnetron support rails and magnetron attitude. 

taken at 31-31 in Figure 33; 
Figure 32 is a cross sectional view showing the 

magnetron support rails and magnetron attitude, 

taken at 32-32 in Figure 33; 

Figure 33 is a schematic top view of a magnetron 

chamber where the magnetron is supported near its 

ends by two horizontal support rails; 

Figure 34 is a bottom plan view of a magnetron sup

ported along two generally parallel beams at the 

edges of the magnetron chamber; 
Figure 35 is a cross sectional end view of Figure 34; 

Figure 36 shows a cross sectional view of a hinged 

magnetron in a magnetron chamber, for example 

as shown in Figure 37; 
Figure 37 shows a schematic perspective view of a 

hinged magnetron w~h a bowed down center track 

according to the invention; 

Figure 38 shows a moving magnetron assembly 

(device) having permanent magnet sub-sections 

whose vertical travel is influenced by a contour plate 

which changes the vertical spacing between each 

magnet sub-section and the target during sputtering 

as the magnetron moves laterally; 

Figure 38A shows a moving magnetron assembly 

(device) having a deformable magnetron connected 

through several cam follower linkages to a contour 

plate, the vertical travel al portions of the magnetron 

connected to the cam follower linkages is influ

enced by a contour plate which changes the vertical 

distance between each portion of the magnetron 

and the target during sputtering as the magnetron 

moves laterally; 
Figure 39 provides an alternate conceptualized 

magnetron reference surface pattern tor a contour 

plate showing high points at the right and left cor

ners and low points at the front and back corners of 

the conceptualized plate shown; 

Figure 40 shows a conceptualized magnet refer

ence surface pattern having a lateral central axis in 

a parabolic or circular° concave down type shape 

with all paths perpendicular to the lateral axis being 

equal lengths; 
Figure 41 shows a conceptualized magnet bowl

shaped type parabola pattern plate for use as a 

magnet section guide, the shape being similar to the 

shape pictured in Figure 38; 

Figure 42 shows a conceptualized reference sur

face pattern convex surface to use as a magnet pat

tern contour plate; 
Figure 43 shows a flat magnet contour plate assem

bly utilizing activators for raising and lowering the 

t 
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magnet sections individually using electrical or oth· 
er activators according to ;:i pre-progmmmed p;:it

tern; 
Figure 44 shows an magnetron whose magnets are 

electro-magnets. the strength of the magnetic field 
is controlled by varying the electrical energy sup

plied to each electro-magnet segment in the mag· 

netron as the magnetron moves laterally during 

sputtering; and 
Figure 45 shows a cross section of an electro-mag

netic magnetron according to the invention as used 

in the configuration of Figure 44. 

An understanding of the improvement the invention 

provides results from comparison of the film uniformity 

plots of Figures 7 and 8. In the plot 250 of Figure 7 the 

plots of the contour shows several heavy black contour 

lines showing the film thickness variation across areas 

of the substrate as the thickness is plotted from a center 

to an edge of lhe substrate. The non-symmetrical 

(skewed) plot shows that the upper left corner and the 

lower right corner depositions include severe variations 

at those locations. The variation in film thickness uni· 

formily for the analysis of Figure 7 being approximately 

8%. In comparison a similar plot 260 using a structure 

and method according to the invention results in the film 

uniformity plot as shown in Figure 8. The plot from the 

analysis is now generally symmetrical about the center 

and is rectangular without being skewed. The thickness 

variation from center to the edge being approximately 

equal on both sides of a vertical center axis. Figure 8 
provides a smaller distance between the maximum and 

the minimum than the plot of Figure 7. The resulting var· 

iation in film thickness uniformity being approximately 

4%. 

Single Beam Bearing Support 

. Figure 9 shows a perspective schematized view of 

a device according to the invention wherein a magnet· 

ron assembly 272 is moved within a magnetron cham

ber 270 in the direction shown by the arrows 274. The 

magnetron assembly 272 is supported on a central 

bearing support beam 276 which can be moved verti

cally uniformly as shown by the arrows 278. A set of 

bearing rails, (e.g., 382, 384) supports the magnetron 

assembly 272 through a set of bearing truck receiving 

members (e.g .. 282). The lateral motion of lhe magne· 

Iron assembly is produced by turning a threaded drive 

rod 284 which is engaged with a threaded drive nut 286 

contained in a threaded drive nut housing 288. The 

threaded drive nut housing engages and can slide ver· 

tically on a pair of connecting pins 290a, 2gob. which 

5 

fixed to the walls of the magnetron chamber 270 and the 

m;:ignetron 272 supported by the support beam 276. 

The sliding connection allows vertical motion of a portion 

of the magnetron as it cycles from end to end and tips 

as it cycles as shown in Figure 10. 

Figure 10 shows an idealized exaggerated sche· 

matic perspective view of the motion of the magnetron 

assembly as shown in Figure 9. The magnetron assem

bly 300 moves laterally (horizontally in this case, but the 

10 lateral motion could be across a curved (e.g., spherical) 

substrate suriace as well) supported on a central bear

ing support rail 302 showing a twist from end to end. 

Dashed lines 304, 306 show a change in the elevation 

of the ends of the magnetron assembly (roll • as that 

15 term is understood for aircraft motion) as the magnetron 

300 moves laterally from one end of the chamber to the 

other. As the magnetron assembly 272, 300 moves from 

one end of the processing chamber to the other, its left 

and right ends rise and fall, respectively. th us becoming 

20 farther lrom and closer to the target assembly, respec

tively. The end (a portion) of the magnetron assembly 

that is farther from the target .suriace reduces the mag

netic field influence enhancing sputtering, while an end 

of the magnetron that is closer to the target surface in-

2s creases the magnetic field influence enhancing sputter

ing. This end to end tilting arrangement provides greater 

influence on sputtering at opposite corners of opposite 

ends of the magnetron chamber and magnetron respec

tively as the member moves from laterally from end to 

30 end. 
Conventional thinking requires the magnet field 

strength to be held constant over the whole area of the 

target as the magnetron moves. Such thinking imposes 

a specification for flatness of the tracking or parallelism 

35 between the path of the magnetron and a reference sur

face (usually the front surface) of the target. The paral

lelism between members is intended to provide a con· 

slant magnetic field. Specification of the range of the 

usual tolerance for flatness or parallelism which is usu· 

40 ally approximately 5 thousandths of an inch in I foot or 

less. is utilized to help define an aspect of the invention 

according to the claims. Such tolerances also exclude 

variations in alignment due to natural variation in man

ufacturing and practical limits in aligning of mechanically 

45 mating pieces. The actual ditterence in elevation of the 

ends of the magnetron according to the invention can 

be quite subtle. Variations in elevation slightly falling out

side the natural range of the tolerance of the specifica

tion for flatness or parallelism as slight as 0.0075" per 

so foot will have an ettect on film thickness uniformity, be

cause the magnetic field strength varies strongly with 

the distance. A localized variation in elevation will have 

a localized effect. The localized variation can be defined 

are fixed to and extend upwardly from the top of the 

magnetron assembly 272. The sliding connection be- 55 

tween the connecting pins 290a, 290b and the threaded 

drive nut housing 288 accommodates differential verti-

as a divergent portion (that portion of the reference sur

face of the magnetron motion that exceeds the tolerance 

for flatness or parallelism. both ol which under normal 

circumstances are defined as plus or minus 0.005' ele· 

val ion variation per lateral foot or less. less than 0.05%). cal motion between the threaded drive rod 284 which is 

7 
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Therefore a configuration according to the invention 

can be defined in terms of the tolerance for flatness or 

parallelism. The imaginary surtace formed by the lateral 

and vertical motion of the magnetron is evaluated for 

flatness or for parallelism against a reference surtace. 

A configuration according to Iha invention provides that 

the imaginary surtace include a. divergent portion which 

has vertical components of the imaginary surface which 

fall outside the range of the conventional tolerance for 

flatness and/or parallelism and as a result of lhe motion 

of the magnetron in the divergent portion the motion pro

duces an improvement in the uniformity of film thickness 

deposited on a substrate. Because the magnetic field 

strength varies strongly as a function of distance from 

the magnetron, progressively larger departures from 

flatness or parallelism create progressively larger 

changes in the film thickness achieved. A departure 

from flatness or parallelism of 0.030" at the end of the 

magnetron track, or as much as approximately 10 mm 

out of plane at the end of the magnetron, for the config

uration of Figure 9, results in changes in film thickness 

uniformity al opposite corners of the substrate and tar· 

get which provide an observable improvement when 

compared to the plot of Figures 7, (the setup in Figure 

7 having the normal maximum range of 0.010" from rail 

end to rail end, wher:i the tolerances for flatness or par· 

allelism are met). The elevation change provides an im

provement in film thickness uniformity to meet the spec

ification requirements of a 5% variation, as shown in Fig· 

ure 8. 
While this example provides one configuration of 

the invention. this same technique can be used at other 

locations where the film thickness uniformity or thick

ness control needs to be improved. The motion of the 

magnetron is adjusted so that the imaginary surtace pat

tern describing its motion includes divergent portions 

which exceed the normal tolerances for flatness or par· 

allelism and create a change in the magnetic field at the 

surtace of the target being sputtered,.so that the film 

thickness unilormity or thickness control deposited on 

the substrate is improved. 
The vertical motion of a portion exceeding the spec· 

ification for flatness and for parallelism from end to end 

5 

of the magnetron)) to provide an improvement in the film 

thickness uniformity or thickness control across the sur

face of the substrate which is being sputter deposited. 

Figure 11, 12. and 13are progressive sectional cuts 

showing the attitude (tilt or bend • roll) of a magnetron 

assembly 272 as it moves from one end to the other end 

of the magnetron chamber 270 as shown in Figure 9. 

The center support rail 276 supports a one-piece bear

ing frame 380 as shown in Figures 9 and 15. Generally 

10 speaking, the bearing rails 382. 384 are constructed to 

be fixed parallel to one another. However. if a portion of 

the bearing rail as shown in Figure 16 is cut along a split 

separation 392 in the top of the channel, between the 

holes pictured therein, and shims typically multiples of 

15 0.010• up to 0.060' depending upon the process, e.g., 

0.050'. for example 394, 396, are positioned and fixed 

in place between the center bearing support beam 276 

and the one-piece bearing frame 380 on opposite sides 

at opposite ends. The shims cause a slight vertical bend 

20 in the bearing rails 382 and 384. The slight vertical oflset 

371 (Fig. 13) at the center bearing support is amplified 

as the magnetron projects further outward towards its 

end, where the vertical offset is a maximum (approxi· 

mately 10 mm). The configuration of the bearing rails 

25 382, 384 causes the magnetron assembly 272 to follow 

the path of the rails. Movement of the magnetron creates 

a series of points in an imaginary surface pattern (flight 

path) tracing the position of each point of the magnetron 

assembly 272 as it moves laterally. Some of the points 

30 in the imaginary surface pattern areverticallyoffsetfrom 

an imaginary horizontal plane (in which the magnetron 

assembly would move if its bearing rails were not verti

cally offset from the neutral axis 368 (see Figure 12) of 

the lateral motion and intersecting with the pattern of the 

35 horizontal reference plane) a distance greater than a tol

erance for flatness or parallelism with a reference sur· 

face. The vertical adjustment to the bearing rail position 

can also be done by using vertical slots through which 

bolts are tightened in the side .of the one-piece bearing 

40 frame instead of or in addition to the shims 394, 396. 

and side to side is measured against an imaginary rel· 

erence surtace superimposed on the imaginary refer- 45 

ence surtace pattern/profile created by the motion of the 

magnetron assembly 272. An elevation view showing 

As shown in Figure 13, the offset in the vertical di

rection of the left side split bearing rail frame 360 in a 

vertical direction by a distance 370 causes the magne

tron assembly to assume a roll attitude as shown by the 

dashed line 372. The offset of the bearing rail from a 

central axis 364 is set by a distance 366. Similarly in 

Figure 11 a right side split bearing rail 362 is shown such 

that the offset of the bearing rail on the right side from 

a central axis 368 by a distance 371 (approximately 10 
the characteristics of the motion of the magnetron as

sembly 272 departing from flatness or parallelism is 

shown in Figures 11, 12, and 13 for tilting of a linear mag

netron assembly 272, and in Figures 21, 22, and 30 for 

the bending of the magnetron assembly 272. In both 

configurations the ends of the magnetron assembly 272 

near the end of its travel is raised to exceed the normal 

(or otherwise selected) tolerance (e.g., 0.005•/ft, 

0.0075"/ft, 0.010'/11, 0.015'/lt, 0.020"/lt, 0.025"/tt, 

0.030'/ft, 0.0035'/ft, 0.040'/ft, or 0.0050"/ft (producing 

an approximately 10 mm change in elevation at the end 
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50 mm) provides a magnetron roll attitude as shown by the 

dashed line 374. Thus, a small change in elevation near 

a central support will provide a much larger change in 

elevation at the extreme end of the magnetron assembly 

272 extending out far beyond the central support rail 

55 276. 

8 

Figures 17-20, 17A, 18A, 20A, and 21-24 show an

other configuration of a magnetron supported on a cen

tral support beam 276 according to the invention. In this 
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configuration instead of tilting the bearing rails, the bear

ing r::iils ;:ire mAintAined in their origini:il flat hori7ontal 

attitude which without interference would provide a pla· 

nar flat travel path for the magnetron parallel to a refer· 

ence surface of the target assembly. In this configuration 

the magnetron assembly 272 is supported not just from 

the central bearing support beam 276, but as the mag· 

netron assembly approaches the ends of the chamber 

a cam follower (roller) 442 engages a ramp (cam) 422 

so that the end of the magnetron assembly is bent or 

tilted upwards away from the sputtering target assem

bly. Ramps 422, 428 are positioned at opposite corners 

of the chamber, corresponding to the locations on the. 

sputtering target where the excessive erosion anomaly 

is observed (Fig. 6). In one configuration a rigid gener· 

ally non-detormable magnetron housing can be used 

with a spring loaded joint to hold the magnetron to the 

bearing trucks of the center bearing rails. The springs 

are loaded to hold the magnetron straight and level with 

5 

sembly while the other side is bent up in a curve approx

imi:itely AS shown (the lineAr hori7.ontal dAshed lines are 

a reference against which the change in elevation at the 

end ol the magnetron assembly can be evaluated). in 

practice there will be some impact on the free end of the 

assembly as there is some play between the linear bear

ings in the truck and the bearing rails and some vertical 

motion at the free end will occur. 
In the top view of Figure 24, probable locations for 

10 an upper left corner ramp 422 and a lower right corner 

ramp 428 are shown (the locations providing elastic 

bending of the magnetron assembly without excessive 

material stress· for example when an easily deformable 

material such as rubber is used). When the magnetron 

15 assembly 270 moves from its centrally located horizon

tal attitude (contiguration) 420 taken at 22·22 in Figure 

24 to a first end of the chamber as shown by the attitude 

taken at 21 ·21, the resulting bending of the magnetron 

the bearing rails, and to allow hinging with a pivot axis zo 
at tne center bearing rail when the end of a magnetron 

comes in contact with a cam to raise it. In another con· 

figuration the magnetron housing is made of an easily 

deformable plastic. rubber or other similar material, with 

assembly is shown by the dashed line 424 and provides 

an offset dimension 426 from the center line (e.g .. 420) 

at the end of the magnetron assembly. Similarly when 

the magnetron assembly 272 moves to the other end of 

the chamber as shown by the view taken at 23·23, the 

bent attitude of the magnetron assembly is shown by 

the dashed 430 provides a dimensional offset 432 from 

the center line (e.g., 420). In a symmetrical system the 

vertical offset dimensions 432, 426 due to the bend of 

the magnetron assembly at the two ends should be 

nearly identical, however it is possible to have a different 

a rigid connection al the center rail to the center bearing 25 

truck(s), such that when the magnetron end comes in . 

contact with a cam (i.e .. 422) ii bends in a curve and to 

raise the end of the magnetron away from the target as

sembly. Compare the roll attitudes shown in Figures 21 

versus 21A and 23 versus 23A. 30 vertical offset dimension at each end should empirical 

data show that such varying offsets are necessary. The 

control ol sputtering to achieve non-uniform film thick· 

ness in a prescribed pattern can also be performed. 

Figures 17, 17 A. 18. 1 SA, 19, 20, and 20A are a 

series of related cross sectional schematic views show· 

ing the motion of the end of the magnetron assembly 

272 where a cam (ramp) and cam follower (roller) posi· 

tioned a certain locations causes the whole magnetron 

or a portion of the magnetron to move toward or away 

from the target assembly. The magnetron assembly us· 

es a cam 1ollower (roller) 442 and cam surface (ramp) 

422 to produces a vertical roll motion with a dimension 

432 as shown in Figure 17. The end 440 of the magne

tron assembly 272 includes a lift roller assembly frame 

444 having a lilt roller 442. The lilt roller 442 and frame 

444 travel with the magnetron assembly 272 at its ends 

(only one end 440, is shown). and when the lift roller 442 

encounters the lilt ramp 422 fixed to the chamber 

through a support fixture (e.g .• support block 446), it rolls 

up the ramp 422 and as it iS rolling up the ramp the end 

of the magnetron assembly is bent up a distance 432. 

In this configuration the translational force moving the 

magnetron assembly 272 from end to end also causes 

an end (e.g., 440) of the magnetron to be bent upwards 

when the ramps 422, 428 are encountered. The dashed 

lines, 424, 420, 430 in Figures 21, 22 and 23 represent 

the idealized bent, straight, and bent attitude (configu

rations), respectively, of the magnetron assembly 272 

as it moves from end to end. In the ideali7.ed case, one 

side of the magnetron assembly 272 remains straight 

and parallel with the reference surface of the target as· 

BNSDOCID: <EP _0820086Al?_I.> 

The illustrations of Figures 17 A, 1 SA, and 20A show 

35 the use of four ramps (or cams) 415, 416, 417, 418, with 

a spring loaded center magnetron connection to the 

center bearing rails trucks (not shown here). The ends 

of he magnetron the top view o1 which is shown in Figure 

17A includes two sets of rollers 434, 436 which are lo· 

40 cated above a side of the magnetron 272a. When the 

magnetron nears the end of its lateral travel two ol its 

rollers on one side (only one of which is shown, e.g., 

434) contacts two ramps (i.e .. 415. 418) and the magn· 

etron undergoes an upward pitch to raise the edge of 

45 the magnetron nearest to the edge o1 the chamber by a 

distance 432a. This edge rise due a change in the pitch 

(again using an aircraft attitude reference) of the mag

netron cause a reduction in the magnetic field at the 

edge of the target assembly and avoids excessive dep· 

so osition due to edge effects which might otherwise be 

present. Thus the magnetron can undergo changes in 

its roll and pitch attitudes. A change in its yaw attitude 

would be possible ii the bearing tracks were not gener

ally linear or if the bearing trucks included a suspension 

55 allowing for some differential motion between adjacent 

bearing truck on a magnetron. 

9 

The conceptualized configurations of magnetron 

assemblies described above are carried out in practice 
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by mechanisms as shown in Figures 25 and 26. 

Figures 25 and 26 show the bottom i:1nd cross sec

tional views of a magnetron assembly 118 supported by 

a central bearing support frame 136 consisting of a lin

ear bearing support section 142 and a lateral extension 

section 144. The linear bearing support section 142 has 

fixed to each of its sides bearing rails 138, 140 (a set of 

tracks). The magnetron assembly 118 is supported from 

the bearing rails 138, 140 through a set of linear rail 

trucks .120, 121. The linear rail trucks are fixed to the 

magnetron assembly 118 and slide back and forth on 

the linear rails 138, 140. The motion of the magnetron 

assembly in a back and forth (lateral) direction is accom

plished by rotation of a threaded drive rod (ball screw) 

112, which is received by a ball screw receiving nut 122 

that includes a set of nut housing pin receiving holes 

5 
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in Figure 6, a parallel lifting of the magnetron assembly 

would not provide an improvement in the variation in film 

thickness uniformity or thickness control over the cur

rent vertically fixed arrangement. An alternate arrange

ment would be to drive each vertical support by separate 

motor/actuators, to control the vertical motion of the sup

port beams and the magnetron assembly through elec

tronic controls tied to the lateral position of the magne

tron assembly. 

Two Parallel Beam Bearing Supports 

For large rectangular substrates approximately 600 

mm x 700 mm in size, a second mechanism shown con-

15 ceptualized in Figures 27. and 28 and in detail in Figures 

34 and 35 is utilized. 

126. 128. A set of drive pins extend vertically from the 

magnetron assembly 118 into the holes 126. 128 to slide 

vertically to avoid binding in the mechanism due to mis

alignment bet ween the linear rails 138, 140 and the ro- 20 

tatable threaded drive rod 112. The threaded drive rod 

Figure 27 shows the context ol this second mech-

anism of the invention. A magnetron chamber 310 con

tains a magnetron assembly 312. The magnetron as

sembly 312 is supported by two bearing support beams 

316, 317, which allow the magnetron assembly 312 

is turned by a ball screw drive motor 114 supported out

side the chamber top while the second end of the ball 

screw is supported by a ball screw end bearing 116. In 

this configuration, the movement of the central bearing 

support frame 136 in a vertical direction is accomplished 

by rotating a set of vertically oriented lead screws 148, 

150, 152, to which toothed drive belt pulleys have been 

attached. A drive pulley and motor 156. are linked to the 

toothed drive belt pulleys by a toothed drive belt 154. 

When the belt drive pulley and motor 156 are turned, 

the pulleys 148, 150, 152 tum simultaneously to turn 

equally pitched lead screws engaged with stationary 

nuts to move the central bearing support frame 136 up 

and down while maintaining parallelism between the lin

ear bearing support section 142 and the target. 

In a conventional configuration, the horizontal atti· 

tude of the magnetron assembly 118 is controlled 

through the sliding attachment to the very precisely 

aligned bearing rails 138, 140. 

In this way, the movement of the magnetron assem

bly is uniform and parallel with the usually flat front lace 

of an unsputtered target prior to its being eroded or uti· 

lized. This configuration is used for sputtering of rela

tively small rectangular substrates up to approximately 

400 mm X 500 mm in size. 
In the instance when the magnetron is to be tilted 

using a configuration according to the invention, the 

bearing rails 138, 140 are tilted (for example as shown 

by the configuration of Figure 22), while the central bear

ing support frame 136 continues to be moved up and 

down while being held in a parallel attitude with the tar

get assembly. 
A method according to the invention includes verti

cally moving the magnetron assembly as shown in Fig

ures 25 and 26, as the magnetron assembly moves lat· 

erafly across the target assembly. However, given the 

variations in the depth target erosion profile as shown 

BNSOOCIO: <EP _0820088A2_1_> 

fixed toa set of bearing trucks (e.g., 324) to move along 

a set ol bearing rails (e.g .. 322) in a lateral direction as 

shown by the arrows 314. The vertical movement of the 

25 bearing support beams 316, 318 is shown by tho arrows 

320. The lateral motion ol the magnetron assembly 312 

along the bearing rail 322 is produced by rotation of the 

threaded drive rod 326 which engages a threaded drive 

nut 328 contained within a threaded drive nut housing 

30 330. The threaded drive nut housing 330 is fixed to a 

bowed section of a flexible spring-like connection 332, 

which is fixed to the magnetron assembly 312 such that 

misalignment or relative motion between the bearing 

support beams 316, 318 and threaded drive nut 326 pro-

35 vides a flexible connection in a vertical direction while 

providing rigidity in a transverse direction. The idealized 

tracking of the magnetron assembly 312 in the configu

ration of Figure 27 is shown in Figure 28. In Figure 28 

a magnetron assembly 342 is supported on two bearing 

40 support rails 344, 346 supported by end frames 348, 

350. The end frames 348, 350 in this configuration being 

level and parallel with each other. The positioning of the 

left side rail 344 showing a vertical progression of the 

lell end of the magnetron 342 from a lower edge of the 

45 frame 348 to an upper edge of the frame 350 at the op

posite end. The positioning of the right side bearing sup

port 346 shows vertical progression from an upper edge 

of the end frame 348 to a lower edge of the end frame 

so 
350 at the opposite end. 

A magnetron assembly supported by end rails is 

shown in Figures 29 through 33. Figure 29 shows the 

cross section of a processing chamber with the magn

etron assembly 312 supported by two perimeter support 

rails 400, 402. This configuration is consistent with the 

55 conceptualized visualization of Figures 27 and 28. At 

one extreme end as can be seen in Figure 30 (taken at 

the location of 30-30 in Figure 33). the offse1 of the end 

of the rail 402 in a vertical direction an amount shown 

10 
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by the distance 408i1 r<'sul1s :n c; magnetron assembly 

attitude (tilt) nS shown r.pp·ox rn.illed by the dnshed line 

412. At a central locnhon ,-1!°> :nn be seen in Figure 31 

(taken at the locallon ot ~11 31 in Figure 33) a horizontal 

atlitude 404 conliqur·~:. 11 .. ~ rn. rqnelron to be parallel with 

the target surface or 1o1"1•.:l rctc1cnce surface (usually a 

plane). At the seconc.t .:·no ol thc processing chamber as 

shown in Figure 32 the cro:,s scct1on taken at 32-32 of 

Figure 33. thepo!.1110" ol ll•c l>enring rail 400 above the 

reference plane re o ,,.,r.,11.~1 to 404 in Figure 31 ), of 

the target asscmbl~· c .... '-'''•Hie 11tt1tude (tilt) of the mag

netron assembly :J 1 :· " .,, , •;>proximately as shown by 

the dashed hnc .i 1.: 11 " ' ... 11 c ,.,'. offset distance is rep

resented by 402l· 111 n .. :. 1·1,.1 111cc the horizontal offset 

from a laterc;I ccn:cr 1 .... .i: ._, c.t 1t·.e processing chamber 

is a distance 410 .,,,., 1:u· the vertical offset dimen

sions at the bc·..,m .iu,..,, .i.,r-1, must be larger to achieve 

a similar Chi1n'.)e •• ·•l!•h . .:l•' •: 111 Nhen compared to the 

configuration 01 "'" m., ,. ... ,, ,:" ..,:.scmbly as is shown in 

Figures t t 1111out.:1. le ..... " ., :.mi111er vertical offset at 

the bea1111µ 1r1rl ''A . ''"1 ....... , tu ti 1e opposite support 

rail results 1n 1 :.•"• .,, .• ::.i.,,:""'' change {lilt) per unit 
length frorr o. .-, , .. ,,,,, 1• .. <.·•· .. ~r end of the magnetron 

assembly :::.1::: 
The dct." cd , .• ,., , .1 1 , ""'c~ 34 and 35 show a 

magnetroi1 .• ~~.-,,,,i,,., 1 · .. '" onr tcmented in a magne-

tron ch;,mbcr le· 1. "''" .... , ... n.~11ng chamber. A magn-

etron<-issernbl,. 1 ·- ,,...,. •' • .... 1c positions ol which are 

shown 1n F '"' "·· -...: . • • •1 •1 • , ,,.,.., nn R set ol two bearing 
rRils 206 ?O~ ,.,,., • ..... · .. ,; 1·-.. ·~1 on a set o1 pseudo 

parallel edqc 1;,,-.,, ... ·1 • •• ,;-; · "'. 1 :.:; 200. A set of linear 

rail lruc~.s 1 :-o 1 ~: .... ~ •• • r· .... :m1ring rails 206, 208, 

and move b· 1c ~ . "•· i 1 · • • ' ;;n1nn oy a threaded drive 

rod (brill sere.,., 1:. · "' · .,... "',by ;.i dashed line in Fig· 

5 

10 

turn, each of the lead screws in the four corners are 

turned by the toothed pulleys fixed to the lead screws to 

cause parallel adjustment of the bearing support frame 

in a vertical direction. An alternate arrangement would 

be to drive each vertical support by separate motor/ac

tuators, to control the vertical motion of the support 

beams and the magnetron assembly through electronic 

controls tied to the lateral position of the magnetron as

sembly. 

Two-Piece Hinged Magnetron 

Another configuration for a magnetron assembly 

460 and its vertical manipulation is shown in Figures 36 

15 and 37. These Figures show a cross section of a hinged 

magnetron assembly 460 utilizing a center support rail 

462 which can be continuously bent as shown in Figure 

37 or can be a series of linear segments. In these con

figurations a center intersection of the two hinged sec-

20 lions or the magnetron assembly 460 are supported 

from the center bearing rail 462 to provide variations in 

the distance from the sputtering target to the center of 

Hie magnetron assembly 460 as the magnetron assem· 

bly cycles from end to end. The variation in horizontal 

25 distances due to the different horizontal dimensions 

when comparing a hinged magnetron and a straight 

magnetron is accommodated by curving the perimeter 

bearing beams inward or by providing a fixed connection 

between the a bearing truck attached to the center sup-

30 port rail 462 while the bearing truck connections to the 

side support rails 464. 466. are free to move {slide) to· 

ward and away from the center bearing rail 462. details 

of such connections can be developed and executed by 

persons of ordinary skill in the art. 

ure 34) In llH·, " .... ,,,. .... '"" t..1ck and forth motion 35 

of the m-tqn·~tr(" ........... : ··•· i · ·· ,,, ;.i:complished by the 

rot<1lion ot 11 ... o,,.. • • • · '. ·•><">unfed between a ball 

screw d11vc m·.1u• ·: ..1 • ·: • : •• :: ·...;:rcw end bearing 176. 

The bnll ~c11:,., 1 :. •·· . ·; ... 1_,.,11 ~crew receiving nut 

184 c11pturcu ~' .• :. ,1. • " • .. i ·1~cc1ving housing 186. 

The biill ~c 1 c .... ""' "'... " , , ,,.-l 1 :'-6 1s lixed to a flexible 
leafsp11nq·ti•• ,.,.,.,.,', •-· Ni1a:.·h1sconnectedtothe 

magnetron "" ,..,.~ " · ... •· 1t; ends. The bearing 

rails 206 :.·u:· ..... r·.. .: · .. · "'•:n11oned mechanism 

arep1ec1!,Cl1 ..... , ... 1 :- • .:~.-1 .... 11honeanotherand 

with the 1.1cc <.I .. : " ~ ·: · • · ; .• ,, 111cred so that uniform 

depos111011 JI, , · .. .i: .. : , .: •. r ,. ·~ pti1ce. 

Tl1c """·I' ...r. • ..... ".:" "J r 14u1es 34 and 35 is 

suppo11eu..,.' 1,._ ... • •. ; ...... •' 1 <·~ 200 aligned to one 

anothertor1.:1 1:.. ,,. •"• r ·1· ""~' wrthasetolendsup· 

port lramc rnc1n1 ..... · . .· . ..1 le, provide vertical ad

justment. tour b•~ '"'"I"' '"'''·:tl ltucnded support rods 
engaged w11h 111rc;. 10 ......... ,.,. •-:i nutc on the frame are 

fixed to toothed pulh'\'' '.'Hi :? 12. 214 and 216. A 

toothed drive boll ;::;:::;: 1ur,., .. 1ou·1d the toothed pulleys 

210, 212. 214. ctnd 21 €> ,.,1tt ,.-ou"ld lo idler pulleys 218, 

220 to engage anri h" 111 rv"n hy ;.i hell drive pulley and 

motor 224 When lhn hr.II rh vn pulley and motor 224 
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Segmented Magnetron Following Reference Contour 

Another embodiment according to the invention is 

pictured in Figure 38. In this embodiment one or more 

40 cam surfaces and cam followers are utilized to change 

the distance between portions o1 a magnetron assembly 

having magnetron sub-sections which can move inde

pendently while maintaining a semblance of a continu

ous loop of adjacent permanent magnets in the magnet 

45 array in the magnetron. The magnet sub-sections (a se

ries of magnet member subsections) can be pivotable 

and can be hinged together like a chain, to provide a 

continuous magnetic field, or can be encased in a flex· 

ible housing. As shown in Figure 38, several cam sur· 

so faces (a series of cam surfaces) can be combined to 

form a continuous cam sur1ace plate 476 reflecting the 

profile/pattern to be followed by each sub-section of the 

magnetron and the magnetron assembly as a whole. 

The cam surface plate 476 includes several adjacent 

55 cam surface slots (e.g .. 478) through which a cam fol· 

lower rod (e.g., 474) connects a cam follower (e.g., 482) 

with a sub-section (e.g., 472) of the magnetron assem· 

bly. A magnetron contour tracking trame 486 maintains 

11 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 218 of 1543



21 EP 0 820 088 A2 22 

the vertical alignment between the.cam followers (e.g., 

482) and m<19netron sub-sections (e.g., 472) so that 

they track together (as driven by a lateral drive) to pro

vide an improvement in the control of film thickness and/ 

or its uniformity. Each track of the profile·sur1ace pattern 

varies the distance between each particular sub-section 

(e.g., 472) of the magnetron assembly and the target 

below. 
Another configuration according to the invention is 

shown in Figure 38A. In Figure 38A a magnetron 488 is 

constructed of a flexible material such that each vertical 

control member (of a series of vertical drives) controls 

the vertical elevation of a portion of the magnetron 488. 

The tracking frame 486 is cut away for clarity. In this con· 

figuration, the influence of the magnetron 488 on the tar

get can be precisely controlled, by increasing the 

number of vertical control members (push/pull rods) 

and/or by providing such vertical control members on 

each side of the magnetron so that a desired pitch atti

tude can be achieved. 
Figures 39-42 show conceptualized idealized ap· 

proximations of three of a variety of surface patterns/ 

profiles that might be utilized for the cam surface 476. 

5 
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ing to form a specially shaped magnetron. In using this 

configun=1tion the deposition film thickness can be kept 

relatively constant utilizing a magnetron sub-section 

surface pattern/profile as shown by Figure 41. 

Figure 42 shows a concave down circular or para

bolic surface shape with four corners 528. 530, 532 and 

534 being the low point of the surface profile/pattern. 

while a high point of the surface profile/pattern is at a 

center 527. 
A person of ordinary skill in the art will understand 

that the mechanical cam shape (e.g., of Figure 38) or 

any generally reasonably continuous cam surface pro

file/pattern can be utilized to change the distance be· 

tween the magnetron sub-sections and the target as-

75 sembly. The surface patterns/profiles shown are but 

several ol the'many varieties of surface patterns that 

might be utilized. Variations in the cam surlace/profile 

can accommodate desired localized changes in the 

sputtering rate at those particular locations by forming 

20 the cam surface accordingly. 

Vertical Actuators . 

In Figure 39 a surface pattern/profile has a shape 

similar to the surface pattern/profile tracked by the mag- 25 

netron assembly of the configuration as shown in Fig· 

ures 9-15 (opposite corners being high, while adjacent 

opposite corners are low). In this profile a back corner 

Another configuration of the device according to the 

invention is to utilize a planar follower plate 546 which 

utilizes an approximately flat plate and a structure which 

correlates a lateral position and a vertical position of 

each sub-section (e.g., 542) of the magnetron as shown 

in Figure 43. Each sub-section (e.g., 542) is connected 

through a ver1ical positioning rod (e.g .. 544) toa contour 

plate follower activator (e.g., 552). These collectively 

makeup an activator assembly (e.g., 550). The activator 

assembly (e.g., 550) moves in a slot (e.g., 548) in the 

planar follower plate 546 according to the motion of a 

494 and a front comer 498 are low, while a right side 

corner 492 and a left side corner 496 are raised. There- 30 

tore. the elevation change between the rails which os

tensibly connect the bottom corner 498 with the right 

corner 492 is from low to high, while the rail which con

nects from back corner 494 to left corner 496 is from 

high to low. 3S magnetron contour tracking frame 558 (shown in 

dashed lines) which ties all of the activator assemblies 

together so that they move simultaneously in a lateral 

direction as the magnelron assembly (including all of the 

Figure 40 shows a surface following a two dimen

sional circular or parabolic shaped curve. A high point 

of the curve and the arc shaped surface is along the 

center lateral axis 503. In practice, a bearing rail eleva-

tion would follow a edge of the pictured surface, for ex- 40 

ample from the right corner 504 to the bottom corner 

magnetron sub-sections) sweeps laterally across the 

target assembly. The vertical position of each magnet· 

ron sub-section 542 is set according to a control system 

510 and from the top corner 506 to the left hand corner 

508. 
The surtace profile/pattern contour of Figure 41 

shows an upwardly parabolic or rounded type shape 

where all of the corners, right corner 516, back corner 

518, left corner 520, and front corner 522 are approxi

mately at equal high elevations, while a center 515 of 

the corners is at a low point. A magnetron assembly fol

lowing this surtace pattern will have magnet sub-sec

tions in the magnet array of the a magnetron assembly 

which cause the center portion of the magnet array to 

approach the back of the target to increase the sputter-

ing at that location. Alternately, the configuration may 

be used so that the magnetic field effect uniformly sput

ters a circularly or parabolically shaped target to sputter 

deposit a similarly shaped circularly or parabolically 

shaped substrate (e.g .. a parabolic mirror) without hav-

INSOOCIO: <EP _0620088A2_1_> 

554 which receives elevation control data which estab

lishes an elevation for each magnetron sub-section lo

cation as the magnetron cycles from end to end. The 

4S elevation control data causes the magnet sub-sections 

to moves in a programmed manner according to a pro· 

grammed surface profile/pattern. The programmed pat

tern causes the magnet sub-section to move as it it were 

following a surface pattern of a mechanical earn surface 

so (i.e., as shown in Figure 38) utilizing electronic program

ming to cause the activators to move the magnetron 

sub-sections according to programming of a contour 

generator 556, which provides a reference contour to 

the control system 554. The programming of the contour 

55 data is easily changed to adjust the magnetron tracking 

according to a desired surface pattern/profile. 

12 
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Electro-Magnet Magnetron Control of Sputtering 

Figures 44 and 45 show a magnetron configuration 

using electro-magnets which can be used to control 

sputtering. A magnetron 560 held in a plane generally 

parallel to a target's surface is swept back and forth 

across the back of a target assembly. As the magnetron 

560 is moved electromagnets in the magnetron are en· 

ergized and the intensity of the magnetic field generated 

by each electro-magnet in the array is varied according 

to a contour plot 556a which sets out the desired film 

deposition profile based on empirically derived knowl

edge of variations in the physical configuration. Thus as 

the magnetron moves back and forth the magnetic field 

is electrically varied to achieve a result similar to that 

achieved by moving a magnetron with permanent mag· 

nets closer to and further away from the back ot the tar

get assembly. The magnet array in such a configuration 

may include a combination ol permanent and electro

mC1gnets. C1nd such electro mCtgnets may be used in con

junction with a vertical motion or with motion in a plane. 

In the extreme, a static array of electromagnets could 

have an area covering the substrate surface and the 

movement of magnetic field would be electronically con

trolled by controlling the energization and deenergiza

tion of selected electromagnets. 
Figure 45 shows a configuration of the magnetron 

560 utilizing electro-magnets. The magnets are aligned 

in the same way as shown in Figure 4 except that each 

perm•ment magnet segment is replaced by a electro

magnetic core (preferably iron) possibly in the shape of 

a spool 564 as shown, with each spool 564 being sur

rounded by a wire coil 568. The strength of the magnetic 

field is individually controlled by a circuit wires 576 con

nected to the contour controller 554a. As the magnetron 

travels back and forth the magnetic field strength is var

ied by changing the electrical power supplied to the elec

tromagnetic coils and sputtering is enhanced according

ly. 
A method according to the invention for selectively 

controlling the film thickness deposited on a substrate 

during sputtering includes the steps of moving a magnet 

member laterally in the proximity of a sputtering target 

and vary mg the strength ot the magnetic lield enhancing 

sputtering at the target surface as the magnet member 

moves laterally to deposit a particular film thickness pat

tern on the substrate during processing during sputter

ing. ll mC1y be desirable to have a different than uniform 

film U1ickness. for example it may be desirable to in· 

crease the lilm thickness at the edge of the substrate so 

that wiring connections between the conductive layers 

deposited on the substrate have an increased durability 

and arc less subject to fracture. In general it is expected 

that the tolerances for film thickness uniformity over a 

substantial portion ol the substrate will have to be main

tained. whether localized anomalies in film thickness are 

desired or not The structure and method according to 

the invention provides uniformity where uniformity in film 
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thickness is desired and provides non-uniformity where 

non-uniformity is desired 
A method according to the invention utilizes moving 

magnet sections or magnetron assemblies laterally 

5 while utilizing a vertical support which changes the ele

vation ol particular portions of the magnetron assembly 

according to its lateral position to improve film thickness 

uniformity. 
A method according to the invention includes the 

10 steps of moving a magnet member laterally in the prox

imity of a sputtering target and moving portions of said 

magnet vertically, a distance greater than a tolerance 

for parallelism between a reference plane and the plane 

of motion at selected locations to vary the magnetic field 

1 s strength causing a divergence f rem the plane to improve 

the film thickness uniformity. Another method according 

to the invention includes the steps of moving a magnet 

member laterally along a track and moving portions Of 

the magnet member in a vertical direction simultaneous-

20 ly with the lateral motion of the magnet member lo 

change the magnetic field intensity utilized for sputtering 

at one or more locations along the track to improve film 

thickness uniformity or thickness control for sputtering. 

The magnet member can be moved laterally along a 

25 track and while portions of the magnet member are 

moved in a vertical direction simultaneously with the lat

eral motion of the magnet member to change the mag

netic field intensity utilized for sputtering at one or more 

locations along the track to improve the control of the 

30 film thickness deposited during sputtering. 

In a method according to the invention the step of 

varying the strength of the magnetic field includes 

changing the strength of electro-magnets in the mag

netic member according to a pattern depending on the 

35 lateral location of the magnet member. 
While the invention has been described with re

gards to specific embodiments, those skilled in the art· 

will recognize that changes can be made in form and 

detail without departing from the spirit and scope of the 

40 invention. 

Claims 

45 1. A magnetron sputtering apparatus, comprising: 

50 
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a magnet member having a magnetic field em

anating therefrom disposed in the proximity of 

a sputtering target, 
a magnet member cycling system which during 

sputtering of said sputtering target causes said 

magnet member to move in a set pattern, 

wherein said set pattern of motion is defined by 

a set of points defining a pattern reference sur

lace, wherein the pattern reference surface is 

defined by a set of lateral coordinates and a set 

of vertical coordinates of the pattern, 

wherein said set of lateral coordinates establish 
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a defined set of locations on an offset reference 
surface which is approximritely parrillel to a ref
erence surface of said sputtering target and off
set from it. 

7. The magnetron sputtering apparatus as in Claim 1. 
2, or 3, 

wherein said tolerance for parallelism is 0,015 
inches per foot of motion along said offset reference 

wherein said set of vertical coordinates estab
lish a defined set of elevations for said set pat
tem at each respective lateral coordinate of 
said set of lateral coordinates, 

5 surface. 

8. The magnetron sputtering apparatus as in Claim 1, 
2, or 3, 

wherein said tolerance for parallelism is 0.020 wherein said pattem reference surface in
cludes a divergent portion having a subset of 
said defined set of elevations establishing the 
elevation of the pattern reference surface with
in said divergent portion at a distance from said 
offset reference surface at each respective lat
eral coordinate of said set of lateral coordi· 
nates. wherein the elevation of the pattern ref
erence surface within said divergent portion 
falls outside a range of tolerance for parallelism 
between said offset reference surface and said 
reference surface or said spullering target. 

10 inches per foot of motion along said offset reference 
surface. 

9. The magnetron sputtering apparatus as in Claim 1, 
2, or 3, 

1s wherein said tolerance for parallelism is 0.025 
inches per foot of motion along said offset reference 
surface. 

10. The magnetron sputtering apparatus as in Claim 1, 
20 2, or 3, 

2. The magnetron sputtering apparatus as in Claim 1. 

wherein said tolerance for parallelism is 0.030 
inches per foot of motion along said offset reference 
sur1ace. wherein motion of said magnet member fol

lowing said divergent portion of said pattern refer
ence surface. rather than following a non-divergent 
portion of said pattern in which said distance would 

25 11. Tho magnetron sputtering apparatus as in Claim 1, 
2, or 3, 

fall within the range of tolerance for parallelism be
tween offset reference surface and said reference 
surface of said sputtering target. provides an im
provement in the uniformity or thickness control of 30 

film thickness deposited on the surface of a sub
strate. located opposite said sputtering target. be-
ing sputter deposited. 

3. The magnetron sputtering apparatus as in Claim 1, 35 

wherein said reference surface of said sput
tering target is defined by unused pre-sputtering 
configuration surface of said sputtering target fac
ing said processing chamber. 

4. The magnetron sputtering apparatus as in Claim 2, 
wherein said reference surface of said sput

tering target is defined by an unused pre-sputtering 
conliguration of a front surface of said sputtering 
target lacing said processing chamber. 

5. The magnetron sputtering apparatus as in Claim 1, 
2, 3, or4, 

40 

45 

wherein said tolerance tor parallelism is 
0.0075 inches per loot of motion along said offset 50 

reference sur1ace, 

6. The magnetron sputtering apparatus as in Claim 1, 
2, or 3, 

wherein said tolerance for parallelism is 0,01 O 55 

inches per foot of motion along said offset reference 
sur1ace. 

14 

3NSDOCID: <EP -~BA2_1_> 

wherein said tolerance for parallelism is 0.035 
inches per loot of motion along said offset reference 
surface. 

12. The magnetron sputtering apparatus as in Claim 1, 
2, or 3. 

wherein said tolerance for parallelism is 0.040 
inches per foot of motion along said offset reference 
surface. 

13. The magnetron sputtering apparatus as in Claim 1, 
2, or 3, 

wherein said tolerance for parallelism is 0.050 
inches per foot of motion along said offset reference 
surtace. 

14. The magnetron sputtering apparatus as in Claim 1, 

wherein said set pattern of said cycling system 
results from a motion along a set of tracks sup
porting and guiding the magnet member, 
wherein the configuration of said set of tracks 
establishes said set of lateral coordinates and 
said set of vertical coordinates of said set pat
tern, including said divergent portion. 

15. The magnetron sputtering apparatus as in Claim 
14, 

wherein said motion along said set of tracks 
is a back and forth motion. 

16. The magnetron sputtering apparalus as in Claim 1. 
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further comprising: 

a set of tracks supporting and guiding the mag

net member 
a cam surface fixed to a first of either said mag

net member or a fixed support adjacent said 

tracks and a cam follower fixed to a second of 

either said magnet member or said fixed sup

port, 
wherein a divergent portion of said motion. cor
responding to said divergent portion of said pat
tern reference surface, results from a motion 

along said set of tracks, 
wherein said set pattern of said cycling system 
results at least partially from a motion along 

said set of tracks where during said set motion 
said cam follower comes into contact with said 

cam surface and urges said magnet member in 

a vertical direction to follow a motion corre· 
sponding to the divergent portion of said pat· 

tern reference surface. 

17. The magnetron sputtering apparatus as in Claim 1, 

wherein said magnet member includes a series 

of magnet member subsections, 
wherein said magnetron apparatus further 
comprises: 

a set ol tracks, wherein each one of said 

set of tracks supports and guides a corre
sponding subset of said series of magnet 
member subsections, 
a series of cam surfaces, each one of said 
series of cam surfaces being fixed to a first 
of either a subsection of said series of mag

net member subsections or a fixed support 
adjacent said tracks and a cam follower 

fixed.to a second of either a subsection of 
said series of magnet member subsections 

or said fixed support, 

wherein a divergent portion of said motion. cor
responding to said divergent portion of said pat· 
tern reference surface, 
wherein said set pattern of said cycling system 
results at least partially from a motion along 
said set of lrC1cks where during said set motion 

said cam follower comes into contact with said 
cam surface and causes at least one of said 
series of magnet member sections to move in 

a vertical direction to follow a motion corre
sponding to the divergent portion of said pat
tern reference surface. 

18. The magnetron sputtering apparatus as in Claim 
17, 

wherein said series of cam surfaces form a 

BNSOO::ID: <EP _0820098A2.1 .. > 

continuous cam plate surface. 

19. The magne1ron spu11ering apparatus as in Claim 

18. 
s wherein travel of said magnet member follow-

ing said divergent portion, rather than following said 

plane. provides an improvement in the uniformity of 

film thickness deposited on the surface of a sub· 

strate, located opposite said sputtering target, be· 

10 ing sputter deposited. 

20. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 

1s 0.0075 inches per loot of motion along said track. 

21. The magnetron sputtering apparatus as in Claim 18 

or 19, 
wherein said tolerance for parallelism is 0. 010 

20 inches per foot of mo1ion along said track. 

22. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.015 

25 inches per foot of mo1ion along said track. 

23. The magnetron sputtering appara1Us as in Claim 18 
or 19, 

wherein said 1olerance for parallelism is 0.020 

30 inches per foot of motion along said track. 

24. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said 1olerance for parallelism is 0.025 

35 inches per fool of motion along said track. 

25. The magnetron sputtering apparatus as in Claim 18 

or 19, 
wherein said tolerance for parallelism is 0.030 

40 inches per loot of mo1ion along said track. 

26. The magnetron sputtering apparatus as in Claim 18 

or 19, 
wherein said tolerance for parallelism is 0.035 

4S inches per loot of motion along said track. 

27. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.040 

so inches per foot of motion along said track. 

28. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.050 

ss inches per foot of motion along said track. 

29. An magnet scanning mechanism comprising: 

15 
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30. 

31. 

32. 

a magnet member supported on series of rails, 

where the magnet member acts as a truck that 

rides said series of rails 
wherein said rails run adjacent to one another 

to accommodate an approximately constant 

track width of said truck as it moves from a first 

end of said series of rails to a second end of 

said series of rails, 
wherein said movement of said magnet mem-

: ber as it.moves from said first end of said series 

of rails to said second end of said series of rails 

describes a reference surface, wherein said 

reference surface diverges from flatness by di· 

mensional tolerances greater than a range of 

tolerance for flatness. 

The magnetron sputtering apparatus as in Claim 

29. 
wherein said tolerance for flatness is 0.0075 

inches per fex>t of motion along said rails. 

The magnetron sputtering apparatus as in Claim 

29. 
wherein said tolerance for flatness is 0.010 

inches per lex>! of motion along said rails. 

The magnetron sputtering apparatus as in Claim 

29. 
wherein said tolerance for flatness is 0.015 

inches per fex>t of motion along said rails. 

33. The magnetron sputtering apparatus as in Claim 

29. 
wherein said tolerance for flatness is 0.020 

inches per foot of motion along said rails. 

34. The magnetron sputtering apparatus as in Claim 

29, 
wherein said tolerance for flatness is 0.025 

inches per fex>t of motion along said rails. 

35. The magnetron sputtering apparatus as in Claim 

29. 
wherein said tolerance for flatness is 0.030 

inches per foot of motion along said rails. 

36. The magnetron sputtering apparatus as in Claim 

29. 
wl1erein said tolerance for flatness is 0.035 

inches per foot of motion along said rails. 

37. The magnetron sputtering apparatus as in Claim 

29. 
wherein said tolerance for flatness is 0.040 

inches per foot of motion along said rails. 

38. The magnetron sputtering apparatus as in Claim 

2!:i, 

BNSOCCIO: <EP oa2ooeeA2 I • 

wherein said tolerance for flatness is 0.050 

inches per foot of motion along said rails. 

39. A magnetron scanning apparatus comprising: 

5 a magnet member running as a truck on a set 

of separated linear bearing rails which are approx

imately parallel. where during sputtering to improve 

the uniformity of film thickness sputter deposited on 

a substrate opposite a target disposed between 

10 said target assembly and said magnet member a 

first end of a first rail of said set of bearing rails is 

raised to be further from the target than a second 

end of said first rail of said set of bearing rails. 

15 40. A magnetron scanning apparatus as in Claim 39, 

20 

25 

30 

where during sputtering to further improve the 

uniformity of film thickness spunerdeposited, a sec

ond end of a second rail of said set of bearing rails 

is raised to be further from the target than a first end 

of said second rail of said set ol bearing rails, wher.e

in said second end of said second rail o1 said set of 

bearing rails corresponds to said second end of said 

first rail o1 said set of bearing rails. 

41. A magnetron sputtering apparatus as in Claim 40, 

wherein a set of vertical positions of said first 

and said second ends of said rails is set by a vertical 

travel mechanism which can raise and lower said 

first and said second ends of said first and second 

rails to set the trac.king of the magnet member. 

42. A magnetron sputtering apparatus as in Claim 41. 

wherein said vertical travel mechanism oper· 

ates during sputtering and tracking of said magnet 

35 member. 

43. The magnetron sputtering apparatus as in Claim 

18, 

40 wherein said magnet member includes a series 

of magnet member subsections, 

wherein movement along said track results 

from a programming of a motor to raise and low

er each subsection ot said set of subsections 

45 according a programmed pattern depending on 

the lateral position of said magnet member as 

it moves laterally. 

44. The magnetron sputtering apparatus as in Claim 

50 18, 
wherein the magnet member includes at least 

two section with a center track of said set of tracks 

supporting an end of each section of said at least 

two sections, said magnet member appearing to be 

55 hinged at said center track. 

45. A magnetron apparatus comprising: 

a magnet member supported on two rails set 

16 
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at a selected amount of non-parallelism. 

46. A magnetron member comprising: 

52. A method for selectively controlling the film thick

ness deposited on a substrflte during sputtering 

comprising the steps of: 

a magnet member supported on two rails, se

lectively controllable in an amount of non-parallel

ism during a scanning of the magnet member. 
5 locating a magnetic field opposite a sputtering 

target; 
moving the magnetic field laterally across the 

target; 
varying the strength of the magnetic field at lo-

47. A method for selectively controlling the film thick

ness deposited on a substrate during sputtering 

comprising the steps of: 10 cations where a localized change in the depos

ited film thickness is desired. 

moving a magnet member laterally in the prox

imity of a sputtering target and 53. T.he magnetron spullering apparatus as in Claim 1. 

varying the strength of the magnetic field en

hancing sputtering at the target surface as the 

magnet member moves laterally to deposit a 

particular film thickness pattern on the sub

strate during processing during sputtering. 

15 wherein said magnet member includes a series 

of magnet member subsections, 

wherein said magnetron apparatus further 

comprises: 

48. The method for selectively controlling the film thick· 

ness deposited on a substrate during sputtering as 

in Claim 47, 
wherein the step of varying the strength of the 

magnetic field includes moving portions of said 

magnet member vertically. 

20 a set of tracks. wherein each one of said 

set of tracks supports and guides a corre· 

spending subset of said series of magnet 

member subsections as a lateral drive 

moves each one of said series of magnet 

49. The method for selectively controlling the film thick

ness deposited on a substrate as in Claim 48, 

25 member subsections in a lateral direction, 

a series of vertical drives. each one of said 

series of vertical drives being fixed to pro

vide relative motion between each respec-

wherein the step of moving portions of the 

magnet member vertically provides that the vertical 30 

distance is a distance greater than a tolerance for 

parallelism between a reference plane and the 

plane of motion at selected locations to vary the 

magnetic field strength causing a divergence from 

the plane to control the film thickness uniformity. 35 

50. The method for selectively controlling the film thick

ness deposited on a substrate during sputtering as 

in Claim 47, 
wherein the step of varying the strength of the 40 

magnetic field includes changing the strength of 

electro-magnets in said magnetic member accord· 

ing to a pattern depending on the lateral location of 

the magnet member. 

51. A method for selectively controlling the film thick· 

ness deposited on a substrate during sputtering 

comprising the steps of: 

45 

moving a magnet member laterally along a 50 

track and 
moving portions of the magnet member in aver-

tical direction simultaneously with the lateral 

motion of the magnet member to change the 

magnetic field intensity utilized for sputtering at 55 

one or more locations along the track to im

prove the control of the film thickness deposited 

during sputtering. 

17 

tive subsection of said series of magnet 

member subsections and said lateral drive. 

wherein a divergent portion of said motion. cor

responding to said divergent portion of said pat

tern reference surface, 
wherein said recurring pattern of said cycling 

system results at least partially from a vertical 

motion provided by said vertical drive as a re-· 

suit of programming the control of said vertical 

drive to provide a preset pattern of relative mo

tion corresponding to the divergent portion of 

said pattern reference sur1ace. 

54. A magnetron sputtering apparatus comprising: 

a sputtering target assembly having a first side 

opposite a second side wherein a target sur

face on said first side is exposed to a sputtering 

chamber; 
a traveling magnet member disposed to travel 

along a track on a second side of said target 

assembly, said magnet member including corn· 

ponents which produce a magnetic field ex

tending beyond the surface of said magnet 

member toward said target surface. 

wherein a portion of said magnet member trav

els in a plane approximately parallel to an un

used pre-sputtering configuration of said sur

face of said first side of said target. except in a 
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divergent portion, where the distance of a por

tion ol the magnetic member and said unused 

configuration of said suriace of said first side of 

said target assembly exceed a range of toler

ance for parallelism between said plane and 5 

said unused pre-sputtering configuration of 

said suriace of said first side of said target. 

10 
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Description 

[0001) The present invention relates to a planar optical waveguide. 

(0002] An optical waveguide is an important component in the field of telecommunication. A special type of optical 

5 waveguide is a planar optical waveguide, which can be manufactured as a part of an integrated circuit. 

[0003) Nowadays, optical signals are very important for transmitting information. However, when an optical signal is 

transmitted through an optical fiber, attenuation will always occur to a certain extent, such that it is necessary to amplify 

the signal after a certain distance (typically in the order of about 50-100 km). Conventionally, for that purpose an 

electronic amplifier is used. At the amplifier station, the optical signal must then be converted into an electrical signal, 

10 which is amplified in an electronic amplifer, after which the amplified electrical signal is converted back into an optical 

signal. This involves not only the disadvantage that an amplifier station has a rather complicated structure with rather 

a large number of parts, among which opticaVelectrical converters and electricaVoptical converters, but this also implies 

that the bandwith and bit-rate of the overall system is limited by the electronical components. · 

[0004] Therefore, optical fibre amplifiers have recently been developed, i.e. amplifiers which amplify the optical signal 

15 directly and do not need a conversion into an electrical signal. 

(0005) Similarly, integrated planar waveguide amplifiers are of necessity in order to realize all-optical telecommuni

cation. For example, a planar waveguide amplifier can be integrated with a passive splitter as loss-<:ompensating 

components. Due to their small sizes, planar optical waveguide amplifiers are expected to be of low cost, and more 

importantly, they offer the promise of integrating passive and active functions on the same substrate. 

20 (0006] Materials for planar optical waveguides can be divided into different categories, among which: 

(1) crystalline materials (LiNb03, Al20 3, Y 20 3, etc.) 
(2) glassy materials, such as silicate-glass (based on Si02), phosphate-glass (based on P20 5), etc. 

25 (0007] The present invention relates to an optical waveguide material of this last-mentioned category, more specif

ically, phosphate-glass. 

30 

35 

[0008) ·An optical waveguide material of this category is described in US patent 5.491. 708. This publication describes 

a substrate having the following composition: 

P205 50 • 70 mol% 

Al20 3 4 -13 mol% 

Na20 10 • 35 mol% 

La20 3 0 -6 mol% 

R203 >0 • 6 mot% 

wherein R is a lanthanide. 
[0009) The lanthanide used in such composition can be considered as 'active' component, as will be explained later. 

Generally speaking, in view of the fact that a planar waveguide device has a rather short length in the order of a few 

40 centimeters, the concentration of the lanthanide needs to be relatively high, and the pump power density needs to be 

relatively high for obtaining a sufficient optical amplifcation gain. Although it is technically possible to manufacture a 

waveguide material with a relatively high concentration of the lanthanide, the luminescence will be quenched by energy 

transfer processes due to ion-ion interactions. Furthermore, another cooperative upconversion quenching process 

dominates the amplification process of the devices when a high pump power is applied. These two luminescence 

45 quenching processes strongly influence the amplifier efficiency of planar waveguides amplifiers. 

[0010) In the publication 'Fabrication of Er Doped Glass Films as used in Planar Optical Waveguides" by Gates cs 

in Mat. Res. Soc. Symp. Proc. Vol. 392, 1995, an Er-Ooped soda-lime silicate glass film on silicon is described. In a 

specific experiment, represented in figure 10 of said publication, a 4.5 cm long waveguide containing 5.5 wt% Er20 3 
was found to achieve about 4.2 dB/cm gain. However, in order to achieve result, this prior art waveguide needs a pump 

50 power in excess of 350 mW. 
[0011) It is a particular purpose of the invention to provide an improved planar optical waveguide which can function 

as an optical amplifier. 
(0012) It is a more particular purpose of the invention to provide an improved planar optical waveguide which can 

function as an optical amplifier for optical signals having wavelengths in the range of about 1.53 µm. 

55 (0013) Especially, the present invention seeks to provide a material for an optical waveguide which has a good 

efficiency and which shows a relatively high amplification with relatively low pump power. 
(0014) The invention is defined by claim 1. Various embodiments are defined by the dependent claims. 

(0015] Hereinafter, the invention will be explained in more detail with reference to the drawing, in which: 

2 
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Figure 1 schematically shows a cross-section of a planar optical waveguide device; 
Figure 2 schematically shows an energy diagram for Er; 
Figure 3 shows a schematic illustration of an amplification process; 
and figure 4 schematically illustrates a co-operative upconversion process. 

[0016) Figure 1 schematically shows a cross-section of a planar optical waveguide device, generally indicated at 10. 
The planar optical waveguide device 10 comprises a substrate 11, a buffer layer 12 arranged on a surface 9 of the 

substrate 11, an active guiding layer 13 arranged on the buffer layer 12, and a top cladding layer 14 arranged on the 
active guiding layer 13. The active guiding layer 13, which can for instance have a thickness of about 1 µm, functions 

10 as the actual guide for light beams in a direction parallel to said surface 9. 
[0017) The light beam can not escape from the active guiding layer 13 in the direction perpendicular to said surface 
9, also indicated as the transverse direction, because the refractive indices of the buffer layer 12 and the top cladding 

layer 14 are lower than the refractive index of the active guiding layer 13. In an effective embodiment, the buffer layer 

12 consists of Si02, which can be arranged on the substrate 11 by thermally oxidising the substrate 11, as is known 

15 per se; the buffer layer 12 can for instance have a thickness of about 6. 5 µm. Similarly, the top cladding layer 14 can 

consist of Si02, which can be arranged on the active guiding layer 13 by sputtering, as is known per se; the top cladding 

layer 14 can for instance have a thickness of about 0.5 µm. 
[0018) Further, within the active guiding layer 13 the light beam can only be transported in one direction parallel to 

said surface 9, indicated here as the guiding direction. The direction parallel to said surface 9 but perpendicular to said 
20 guiding direction will be indicated here as lateral direction. The light is confined in the lateral direction by a suitable 

shaping of either the active guiding layer 13 or the top cladding layer 14 such that a suitable refractive index profile is 

obtained in the lateral direction, as is known per se and not shown in figure 1. 
[0019) The active guiding layer 13 has to satisfy several requirements in order for the guiding layer to be suitable in 

an optical waveguide, in an optical amplifier, or in a laser. The active guiding layer 13 should have a relatively high 

25 refractive index and a low optical attenuation, preferably <1 dB/cm at the applied wavelengths. Further, the active guid

ing layer 13 should have efficient optical amplification properties, for instance characterised by the luminescence effi

ciency of the active ions, like Er-ions. A very important feature of the active guiding layer 13 is the optical gain at a 
specific wavelength (region), expressed in dB/cm: it is a specific objective of the invention to obtain a relatively high 

gain with a relative low pump power. More specifically, it is an objective of the invention to provide an active guiding 
30 layer 13 which offers a gain of >4 dB/cm at a relatively low pump power (preferably less than 50 mW) for the wavelength 

of about 1.53 µm. 

35 

40 

[0020) According to an important feature of the invention, the active guiding layer 13 is manufactured as a phosphate 
glass having the following composition: 

Alp3 8 - 20 mol% 

Na~ 5 -18 mol% 

La20 3 6-35 mol%, preferably 10 · 30 mol% 

Rp3 >0 - 6 mol%, preferably 0.5 · 1.5 mol% 

P20s balance 

[0021) Herein, R represents Erbium (Er), Neodymium (Nd), or Ytterbium (Yb), or a combination of Er+ Yb, depending 

on the wavelength of the optical waves which are to be guided and amplified. For applications where the optical wave

length is about 1.53 µm, R represents Er. 

45 [0022) For applying the active guiding layer 13 onto the buffer layer 12, several techniques can be used. A method 

which is particularly suitable, and which is used in the present invention, is RF sputtering. This technique is known per 

se, for which reason it will be discussed here only briefly. In a vacuum chamber, a target having a suitable composition 
with regard to the desired composition of the active guiding layer to be deposited, is arranged opposite a substrate. In 

the vacuum chamber, argon and oxygen are introduced, such that the pressure in the vacuum chamber is in the range 

50 of about 0.3 to· 5 Pa. RF power is applied to the target. The target is hit by argon atoms, such that atoms and/or 

molecules of the target are emitted from the target and deposited on the substrate. This process is continued until the 

deposited layer has sufficient thickness. 
[0023) It will be clear to a person skilled in the art, that other techniques can be used for applying the active guiding 

layer 13 onto the substrate, and that the invention is not restricted to the technique described above. 

55 [0024) The present invention relates particularly to an optical waveguide device having an active guiding layer which 

comprises Erbium as active component. Therefore, in the following a description will be given of an optical amplification 

mechanism based on Erbium. 
[0025) Erbium is a well-known rare-earth metal. The electronic structure of Er3+ is [Xe)4f11, of which the partially 

3 
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filled 4f shell is electronically shielded by the outlying filled 5s25p6 shells from the Xe configuration. Figure 2 shows 

schematically the energy diagram for the 4f electrons of a free Er3+ ion (left hand side) and of an Er3+ ion is a solid 

(right hand side). The various levels arise from spin-spin interactions and spin-orbit interactions. The energy levels are 

labeled as 2s+1LJ, wherein S represents the spin, L represents the orbit, and J represents the total angular momentum. 

5 [0026) In the free Er3+ ion, the 4f transitions are parity forbidden. In a solid such as a glass, however, the presence 

of surrounding atoms weakly perturbs the 4f states. The electric dipole transitions become allowed due to admixing of 

states of opposite parity from higher configuration into the 4f configuration. Due to the Stark-effect, the degenerate 

levels split into manifolds (see the right hand side of figure 2). In addition to this host-<:!ependent forced electric dipole 

contribution, the 411312 -
411512 transition of Erbium at 1.53 µm has considerable magnetic dipole strength which is rel-

10 atively insensitive to the host material. The spontaneous emission lifetime of the 41 1312 • 411512 transition of Erbium at 

1.53 µm in a solid can be as long as about 1 O ms. 
(0027) Figure 3 shows a schematic illustration of the amplification process for the three-level system of E r3+, involving 

the states 411112, 411312 and 411512. 
[0028) By absorbing pump energy, Er3+ ions can be excited to a state lying above the 41 1312 state, such as the 411112 

15 state exemplified in figure 3. From this excited state, Er3+ ions quickly decay to the metastable 411312 manifold via non

radiative relaxation. Stimulated emission from the 411312 state to the ground 411512 state can cause amplification of light 

at 1.53 µm. The light amplification due to electronic transitions of Er3+ works in a three-level lasing scheme. Light 

amplification in a three-level system can occur only when more than half of the population is excited to the upper lasing 

level (i.e. the 411312 level for Er3+). 
20 (0029) The principles of Er-doped optical amplttiers are the same for fiber waveguides and planar waveguides. How

ever, in view of the required high Er doping levels in planar waveguide devices, planar waveguide devices are less 

efficient than fiber waveguide devices. The efficiency of the Er-doped waveguide amplifiers is influenced by two quench

ing processes, which are both related to the high Er doping levels, as will be discussed hereunder. 

[0030) The first quenching process is concentration quenching. With increasing concentration of Er in the waveguide, 

25 the probability increases that an excited Er3+ ion transfers its energy to a neighboring Er3+ ion in the ground state via 

ion-ion interaction. Such process may be repeated until the energy is transferred to an Er3+ ion correlated with a defect 

or an impurity ion, and the energy may be lost via non-radiative decay. 

[0031] The second quenching process, which is believed to be the dominant process causing the inefficiency of prior 

Er-doped waveguide devices, is a co-operative upconversion process, which is also due to ion-ion interactions. This 

30 process, which plays a role especially when the population inversion is high, is illustrated in figure 4. With increasing 

concentration of Er in the waveguide, the probability increases that an excited Er3+ ion transfers its energy to a neigh

boring excited Er3+ ion. Then, the first Er3+ ion may decay non-radiatively to the ground 41 1512 state, while the second 

Er3+ ion is excited to a higher lying state 41912. This second Er3+ ion then has a high probability to decay to the 411312 
state via non-radiative relaxation. The net result of this upconversion process is that the population in the upper lasing 

35 state of 41 1312 is strongly reduced and the efficiency of light amplification at 1.53 µm by stimulated emission is strongly 

40 

decreased. · 

[0032] The upconversion quenching process is a property which is related to the host material, i.e. the waveguide 

material into which the Er ions are embedded, since it is caused by the ion-ion interactions of Er3+ ions in the host. 

[0033] Therefore, an important feature of the present invention is the composition of the host material. 

EXAMPLE 

(0034] An optical waveguide device was manufactured in accordance with figure 1. As basis material, a standard 

silicon substrate was used, in the shape of a circular disk having a diameter of about 7,5 cm. By way of a standard 

45 thermal oxidisation process, a buffer layer 12 having a thickness of about 6.5 µm was applied on the substrate. 

(0035] A suitable glass target was prepared by mixing and melting Al:p3, Na20, La20 3, P20 5, and Er20 3, in a suitable 

proportion. This target was positioned opposite said oxidised substrate in a standard sputtering chamber, and by way 

of a standard low-pressure magnetron RF sputtering process as briefly discussed above, an active guiding layer 13 

having a composition (determined by X-ray photoelectron spectroscopy) as specified hereunder in Table 1 was applied 

so on the buffer layer 12. · 

TABLE 1 

P205 42-45 mol% 

Al20 3 16-18 mol% 
55 

Na20 8.5-11 mol% 

La203 27-28 mol% 

Er20 3 0.9-1.2 mol% 

4 
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[0036] The process was continued for about 4 hours. The thickness of the active guiding layer 13 was measured, 

and appeared to be about 1 µm. 
[0037) By way of a standard sputtering process, a top cladding layer 14 of Si02 was applied over said structure, the 

top cladding layer 14 having a thickness of about 0.5 µm. 
5 [0038] Then, by way of standard photolithography and etching processes, most part of the layer 14 was removed to 

form stratified line strips of 4 µm wide, providing lateral confinement of the guided light in the active layer 13. 

[0039] Finally, the active guiding layer 13 was made into a structure having a length of 10 mm by cleaving the silicon 

substrate. 
[0040] This planar waveguide device was tested for its optical properties. It appeared that the active guiding layer 

10 13 had a refractive index of about 1.56 at 633 nm; with such a high refractive index, a high light confinement can be 

obtained in the waveguide, which leads to a high density of the pump power. For a wavelength of 1.53 µm, an optical 

confinement of about 70 % was obtained. 
[0041] The optical amplification for light having a wavelength of 1.53 µm was measured, wherein pump light having 

a wavelength of 980 nm was applied to the planar waveguide device. For this experimental planar waveguide device 

15 having a length of 10 mm, a net optical gain of 4.1 dB was measured with a pump power of about 65 mW. This pump 

power is already very low. It is noted, however, that in this experiment the coupling efficiency of the pump light into the 

active guiding layer 13 appeared to be about 30%, so that the amount of pump light which actually entered the active 

guiding layer 13 was about 20 mW. In this experiment, no effort was taken to improve the coupling efficiency, but it will 

be evident for a skilled person that improvement of the coupling efficiency to about 80% or more is possible. Therefore, 

20 it is reasonable to expect that an optical waveguide device with a length of 4 cm, having the structure as described, 

wherein the active guiding layer 13 has the composition as described, will yield an optical gain of 15 dB or more with 

a launched pump power of 40 mW or less. 
[0042] From the experimental data, it was calculated that the upconversion coefficient (as defined and used in the 
publication 'Cooperative upconversion in Erbium implanted sodalime silicate glass optical waveguides• by E. Snoeks 

25 et al in J.Opt.Soc.Am.B., 12, 1468 (1995)) of the active guiding layer 13 had a value of about 2.6·10·18 cm3/s. This 

value is one of the lowest values reported to date. 
[0043] Further, it was found that in the active guiding layer, the luminescence lifetime of Er was about 7.2 ms.· 

[0044] It will be clear to a person skilled in the art that the invention is not limited to the above-described examples 

but that variations and modifications will be possible without going beyond the scope of the invention as described in 
30 the claims. For instance, although in the examples the active guiding layer 13 is manufactured by way of an RF sput

tering process, as an alternative other processes may be used for manufacturing the active guiding layer. 
[0045] Further, in practice, it may happen that the material of the active guiding layer 13 comprises impurities such 

as for instance Mg, Ca, Cr, Ba, Zn, Pb, Li, K. Although small amounts of such impurities can be permitted, according 

to the invention it is preferred that the amounts of such impurities are as low as possible, preferably zero, such that 

35 the active guiding layer 13 is composed substantially only of P20 5, Al20 3, Na20, La20 3 and Er20 3. 

40 

[0046] Further, according to an important feature of the invention, the optical device may be provided with at least 

one element for achieving optical feedback, for instance a mirror or other reflective element, such that the device can 

function as a laser. 

Claims 

1. A planar optical waveguide device, comprising: 

45 a substrate (11 ); 
an active guiding layer (13) arranged on the substrate (11 ); 
a bottom layer (12) arranged between the active guiding layer (13) and the substrate (11); 
a top cladding layer (14) arranged over the active guiding layer (13); 

50 wherein the active guiding layer (13) has the following composition: 

Al20 3 8 - 20 mol% 

Na20 5-18 mol% 

55 
La203 6- 35 mol%, preferably 10 30mol% 

R203 >0 -6mol%, preferably 0.5 • 1.5 mol% 

P20s balance 

s 
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wherein, R represents Erbium (Er), Neodymium (Nd), or Ytterbium (Yb), or a combination of Er+ Yb. 

2. A planar optical waveguide device according to claim 1, wherein the active guiding layer (13) has the following 

composition: 

P20s 42-45 mol% 

Al20 3 16-18 mol% 

Na20 8.5-11 mol% 

La20, 27-28 mol% 

Er20 3 0.9-1.2 mol% 

3. A planar optical waveguide device according to any of claims 1-2, wherein the optical waveguide device is an 

optical amplifier. 

4. A planar optical waveguide device according to any of claims 1-3, wherein the substrate (11) is made of Si, wherein 

the bottom layer (12) is made of Si02, and wherein the top cladding layer (14) is made of Si02. 

5. A planar optical waveguide device according to any of the claims 1-4, wherein the amplification gain for wavelengths 

20 of light which results by transition of Er3+ ions from the 411312 state to the 4 11512 state is at least 4.1 dB/cm with a 

pump power of no more than 65 mW, and wherein the active guiding layer (13) has a refractive index of 1.54 -

1.65 at 632.8 nm. 

6. An optical device according to any of claims 1, 2, 4, further comprising at least one optical feedback element, e. 

25 q. a coating mirror, such that the device can function as a laser. 

30 

35 

40 

45 

50 

55 

Patentanspruche 

1. Planares Lichtwellenleiterbauteil, umfassend: 

ein Substrat ( 11 ); 
eine aktive Leitschicht (13), die au! dem Substrat (11) angeordnet ist; 
eine untere Schicht (12), die zwischen der aktiven Leitschicht (13) und dem Substrat (11) angeordnet isl; 
eine obere Mantelschicht (14), die Ober der aktiven Leitschicht (13) angeordnet ist; 

wobei die aktive Leitschicht ( 13) die lolgende Zusammensetzung hat: 

Al20 3 

Na20 
La20 3 

R203 

P20s 

8- 20 Mal-% 

5- 18 Mal-% 

6 - 35 Mal-%, vorzugsweise 10 - 30 Mal-% 

>0- 6 Mal-%, vorzugsweise 0,5 - 1,5 Mol-% 

Rest, 

wobei R Erbium (Er), Neodym (Nd) oder Ytterbium (Yb) oder eine Kombination van Er+ Yb bedeutet. 

2. Planares Lichtwellenleiterbauteil gemaB Anspruch 1, wobei die aktive Leitschicht (13) die folgende Zusammen

setzung hat: 

P20s 
Al20 3 
Na20 

La20 3 

Er20 3 

42-45 Mol-% 

16 18 Mal-% 

8,5 - 11 Mol-% 

27 - 28 Mol,% 

0,9 1,2 Mal-%. 

3. Planares Lichtwellenleiterbauteil gemaB einem der AnsprOche 1-2, wobei das Lichtwellenleiterbauteil ein optischer 

6 
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Verstarker isl. 

4. Planares Lichtwellenleiterbauteil gemaB einem der AnsprOche 1-3, wobei das Substrat (11) aus Si besteht, wobei 

die untere Schicht (12) aus Si02 besteht und wobei die obere Mantelschicht (14) aus Si02 besteht. 

5. Planares Lichtwellenleiterbauteil gemaB einem der AnsprOche 1 ·4, wobei die Verstarkung fOr Lichtwellenlangen, 

die sich durch Obergang von Er3+.Jonen vom 4J 1312-Zustand zum 411512-Zustand ergibt, wenigstens 4, 1 dB/cm mil 

einer Pumpleistung von nicht mehr als 65 mW betragt und wobei die aktive Leitschicht (13) einen Brechungsindex 

von 1,54-1,65 bei 632,8 nm hat. 

6. Optisches Bauteil gemaB einem der AnsprOche 1, 2, 4, das weiterhin wenigstens ein optisches ROckkopplungs
element, z.B. einen Beschichtungsspiegel, umfasst, so dass das Bauteil als Laser fungieren kann. 

15 Revendications 

20 

25 

30 

1. Dispositif a guide d'onde optique plan, comprenant : un substrat ( 11 ), 

une couche active de guidage (13) disposee sur le substrat (11 ), 
une couche inferieure (12) placee entre la couche active de guidage (13) et le substrat (11 ), et 
une couche superieure de revetement (14) disposee sur la couche active de guidage (13), 

dans lequel la couche active de guidage (13) a la composition suivante: 

Al203 
Na20 

La203 

R203 
P20s 

8a20mol% 

5 a 18mol % 

6 a 35 mol %, de preference 10 a 30 mol % 

> o a 6 mol %, de preference 0,5 a 1,5 mol % 

le reste 

dans laquelle R represente !'erbium (Er), le neodyme (Nd) ou le !'ytterbium (Yb) ou une combinaison Er+ Yb. 

2. Dispositif a guide d'onde optique plan salon la revendication 1, dans lequel la couche active de guidage (13) a la 

35 composition suivante: 

40 

45 

50 

55 

P20s 42 a45mol % 

Al20 3 16 a 18 mol % 

Na20 8,5a 11 mol% 

La20 3 27 a 28 mol % 

Er20 3 0,9 a 1,2 mol % 

3. Dispositif a guide d'onde optique plan selon l'une des revendications 1 et 2, dans lequel le dispositif a guide d'onde 

d'onde optique est un amplificateur optique. 

4. Dispositif a guide d'onde optique plan salon Jes revendications 1 a 3, dans lequel le substrat (11) est forme de Si, 

la couche inferieure (12) est formee de Si~. et la couche superieure de revetement (14) est formee de Si~. 

5. Dispositil a guide d'onde optique plan selon l'une quelconque des revendications 1 a 4, dans lequel le gain d'am

plification pour les longueurs d'onde de la lumiere qui proviennent de la transition des ions Er3+ de l'etat 411312 a 
l'etat 41 1512 est d'au moins 4, 1 dB/cm avec une puissance de pompage ne depassant pas 65 mW, et la couche 

active de guidage (13) a un indice de refraction compris entre 1,54 et 1,65 a 632,8 nm. 

6. Dispositif optique salon l'une quelconque des revendications 1, 2 et 4, comprenant en outre au moins un element 

optique de reaction, tel qu'un miroir possedant un revetement, si bien que le dispositif peut jouer le role d'un laser. 

7 
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J.71::81::~fl!J L -Cv'Qf('.ai), ~-A ;J;t'-li~-AOJ:ilf$ 

11J{•1::i01t om~.!:: m:5<: Lttv'~~1;:1:t. m=rtJ•m~.r{ 
::7 riv (E) tJ•C:,? 117.if.1 - e x.,..:::::7 rJv (E) OJS 

f.1*'1!7.7rti:JOJ f.1 OJd:$1'1:: ..t IJ rtliilll L -C It' 7-:> Sh*'i!OJT.fi#.:OJ 
7.7rtiJ"'.!::i1!1~0-C~@. :.OJR:$7'~t0.!::t•=rOJ•• 

~-<~7-:i. ~0-C4*Yt~~~·*IJ~,Xv~:. 

OJ87t~MtC=r@•~•<~IJ.~~-c:.OJR71~• 

J;t;T 7-:i ?'-'/ 'Y r 2 OJ8:$J-tJ>M t ;v~ 'Y ?' ~ n. tfll:$J-(!9 
1::;i:.o- P~no. 
[0006) 
[HllJlti>MiR:L..t? .!::T7.:i~) 11E*OJv:7'.:f r o /A 

/{-y?'&mfJi. J::iic.OJ..t ?l::?'-'/y r 2a-•ffiH::I&IJ 
#lttu-ty~Y?'~v- r 1 OJ•E{lllJl.:8!lilJ"'t'~tt1t'ill! 
::f:i"&m 3 HiclN: L -c1t'7.:>0J"'t', 11-'/y r 2 OJ•Jm~{'."!'f 
OJ~rai1;:i01t'-cm/iX:~n7.:>~illl Lt'-*'o 4 ?1'1vSttb1:: ..t 
1Ja@•OJ~'Xv~md~h7.:>..t?~~o. -t:-OJk 
llJ. 11-'/y r 2 OJJ::"'C.'1:1:. md~nkiWi@•Cl)~' x 
vKrOJ8:$t~MtAA-y11~h.8:$7'(!9~;r.o-r~ 

n7.:> ..t ;1;::.tt7.>. i2'.!l.:1t';Hi. 11-'/y r 2 Cl)Jal~R"'t' 
~AAy?'~;h,.Q~~~•*hf". 11-'/-yr20J~ffl 

••ti•fil:rT7.:>JJi{rz;;! .!:: tt~-Cv'k. 
[0007)1iE*OJv:7'.:frP/AA'Y11&•C7)•0)
~Jn•~ 2 2. ~ 2 31.::if-~n-c1t'r.i. :.nGOJ~1;:i01t' 

-c. r~y~/:7'~v-r 10).ffil;:fi?'-'/y r2n>J& 
rHt1t c;,n,, 1:.t'-. /'(y ~Y?'~v- r 10Jmoo1;:1:t11 
-'/yr 2 Cl.)•001;: v-A r 7 'Y ::7:fk0J;jfo4 .;t1i-s~ 
a-H1:.~it7.:>S::f:i"&m3 .!:::. :.OJS::f:i"&mt3a-/<:y~:,.

:7'~v-r l OJ·ilil~ffi~-C8!1i1J~it7.:>8!1i1J&m9~!& 

IJ#ltC:,h-Cv'6. {!!L. S::f:i"&M31:t?'-'/-y r 20J 
•oo~H~Lk~7Xv~11-'/yr2~~~~tl:I~~ 

v'~IID"'C.'8t!JL. *k. ?'-'/yr 20Jf/lfil$l.:~}}1J1;:m 
=ra-H1:.~it-5 ..t? tt~®m=f-H1:.&titlilN'.lt-C1t'tt 
It'. 
[0 0 0 8) :.OJ1JE*Cl)v;7'.:f rP/A/{yJ?&ll:Cl)f!!l. 

Cl)-~J"'t'I±. ~' Xvl±S::f:i"&f!l 3 OJ8!1i1J .!:: ;!ti.:. .;;

'/ 0; r 2 OJ•El.:fi:h-c8!1i1J L. m~&tiiOJfili!n!"!!.l"'t'Jt 

c::in7.:>..t?~R:$7'~~;r.o-r~no••~11-'/yr 

21.:-t:-0-Ct!J1t'-Cl9>< Cl)"'(', S~&fftCl)fililn!~..t I'.>~"' 

~IIDOJ?'-'/y r 2n>;i:.o- l-!'~n7.:>. Lti•L. ?'-'/ 
'Y r 2 0Jf/lfill.:~5.J1J1.:flt=ra-H1:.~it7.:> ..t? tt~R'il=f-H 
1:.&tii'll±IN'.lt-C1t'tt1t 'OJ"'t'. ~7 Xvn; .;;-'/ 'Y t- 2 Cl) 

~~~~tl:IT..t?~&fll*"'t'8!1i1J~it7.:i.!::. v-~1-7 

'Y ::7~0J*'o 4 .;t1vill!~Cl)q:ia- r o ::i 4 riW1.llPHttlli~ tt 
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n>GJl!lilJL-C. a{'Fffll;:..t~-c. 4*/ • fllt=f-Ma-H~ 
~it-CV'kflt=f-OJmmi"ti>. ~'Xv OJ-Rn•?'-'/ 'Y 1-
20J~~~~ti:! Lk~f/lfil~q:i~~n-c. ~7Xv~M~ 

-c L '* ? OJ"'t'. s~•• 3 a-. ?'-'/ 'Y r 2 a-1:t~t±1 ~ 
ttlt'BT* "'t' Lt.P8!1i1J~it6:. .!:: n>"'C.'~ ttlt'. Vitti>~ 

-c. 11-'/ 'Y r 2 OJJalil!Rn>;r. o - P ~ni"1.:~ 1J. 
X. S::f:i"&til 3C7)8!1i1JI;:1b l!JIJ~_&n;-?lt Gh-5 OJ"'t'. ?'
'I 'Yr 20J~m••1i+:$7'1.:<bn>Gtt1t'. x. ;r.o- r 
~;h,f'I;:~~ k8:$11.:A/{ 'Y ?' ~;h,k ?'-'/ 'Y r:tf~tJI 

{tJilfL-C. lin>n. !if*L<ttltd'~ (/{-74~.:.V 
4r) a-H1:.L,X.A~~-~H1:.~it7.:>1Ji{rz;;!.!::~ 
?.'>. 
[0009) :.OJHllJJCl.)~(19~.~*Cl)J::iic.OO~•~M 

iR:L-C, .;J-'/:Yf-Cl)~ffl••~rtiJJ::~it?.'>.!::::lt~. A 

/{ 'Y.;; 1.: ..t -5~K4!!J&JC7)H1:.•H1.ill:T o:. .!:: OJiiJHtlttv 
:7'.:f r o YA/{';:/ ?'&til~~To:. c 1.:<b?.J. 
[0010) 
[~~~MiR:T7.:>kl/JOJf~]J:re~(!9~~~T?.'>k~ 

1;:, :.OJHllJlli, /;:';:/~~:7'~v- rOJ~fmil::?7-'l'Y 

r ~I& IJ #It. /-t 'Y ~Y:7'~v- r OJ•Jm.fll!Jl;:S~&mt 
HElN: L. :. OJS::f:i"~Jfll.: ..t -::i -C ?1-'/ 'Y I- •oo~.ffOJ 
~rdl 1;:~!1B Lt'-Sttb~m/iX: L. :. Cl)~!IB Lt.::Sttbl;: J.: IJ 
?'-'/ 'Y r •oo~{~OJ~FdH;:::.a@•Cl.)~7 Xv ~~1:. 
L. =OJ•@•OJ~7Xvq:tOJ4*/~?'-'/yr~~ 
~oo~~it-C?1-'/y ra-A/{;Y?' L-C. ?1-'l'Y H:: 

•rti:l L-Cilictil~ht'-£m1::iiJN:a-~~T?.'>v:7'.:f r o :,.
A/{ 'Y ?7&fl#t1.:i01t'""C. J:iic.S::f:i"&tii;tl::8!1i1Jfijl:~J& l'.J 
{tit, :. OJ8!1i1Jf~I:: ..t 0-C J::reS~&mta- J:iIB/;: 'Y ~ 

:,.-;7'~v- r0Jitilill.:f~0-c8!1t/J~it. n•-:J, -t:OJ8t!J 
1.:..t IJ J::iic.iWil&ili'.OJ~' 7-'vniJ::re?'-'/ 'Y rOJ-f/lfil® 
.!::f!!l.fllfilR.!:: OJ~l'.."*l'llMRl::iOv'-Cli~l±lT ..t? 1::tt7.i 1:. 
"'t', J::iIBS~~-~!lilJtJ>T:. .!:: ~~1!'!:.!::T .Q tOJ"'t'<b 
?.'>. 
[ o o 1 1 J ttiO. :.OJHllJJl::i01t'-Cl:t. J:iic.?'-'l:Y 
rOJf/lfilRCl)Mfill'.J ~•I? imtr..t? 1.:. :.Cl)f/lfilJ'.fll.!::llJJ(~~iO 

"'-c7-A~-;v r~ilictiiT7.:>. -t:-vc. J::iIBllJJ(rdl1::~ 

'X-v~Vft.A~ittt1t'..l:? 1.:To:. .!:: ti•&::·~"'t'cb?.'>. * 
k. J:res~&tflli. '11:9c®S::f:i" .!:: • :. OJt:p!R:RS~OJ 
MID I? 1.::.;ti.!::OO~~iOv'-Crfiltl~hkJal~RS~ .!:: Hiii 
*..k tOJ~~fflT.0:. .!::: ni£:.~"'t'<b-5. :51!1::. J:iic.S~ 

&tiil'±d>tt < .!:: t 2 -?Cl);j;t<:(klll!::f:i"~OO~a-i01t'-CiJZf11;: 
ifL'.11: Lt'- tC7)1'..";b~-c. ***~S::f:i"liJ:iIB?'--?':Y I-OJ 
fllfil® .!:: ii!il7.7rtiJ1::{$ut-ci.- 'o t Cl)t.i-~fflT :o:. .!:: ti&::·~"'t' 
cb7.:>.£~-t:-Cl)J::,J::E?'-'/';YrC7)fllfil8~~m=rx~ 

lll!lm=f-~f:Jt*frT.Qfllt=f-f:ltmf~. b L< Ii. J::tc?'-'/ 
'Y r 1;:::.~~T 7-:> aJaJrliifttnf:Jtmf~. x1i. ?1-'I 'Y 1-
0Jf/lfilRl.:Jiiim(!91c·"' 4 ::7 o llltflltn ~f:JtmT :o fm:~-Olii 
;;{:., ;:.Cl)tf11:$J-~fllt=f-~4::7f-o/;lt.(ECR)·fllt~ 

~= ~it.Q:. .!:: t£.~1'.."<b7.:>. 
[0012) 
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Cfl=Jlll :.O)HllJ31:..to1i,-c1'i, m~a11:1:.8!1tb:f.ma-!lil 

~Nit, :. 0)8!ltl.J:f.~1:. J:: "? -cm~•m a-/'< 'Y ::\'-~ Jf'::t 

v-rO)•ffffK~-::>-C8!1tb~-lt, ~0)8!1tbKJ::~••• 

0)7"7X7a-?1-ij-yr0)-~$t~~$c0)00-e*• 

im l:.:13 " \ -c l'i Jj.1±! t" J:: ? 1:. tt 0 * "t' !ltb ii' I.., -c " \ 0 0) •t\ 
?1-ij-y rO)Jl!ll~ll951:..to1i,-ct.A/{-y?7 ~n, ?1-f/-y 

r~~{;$:Kbk-::>-c~•K.A~-y?7~noJ::?K~o. 

[0013] ~.to, ?7-ij-yrO)~Jl950)~~a-~1'.JOO~ 

J::?K,•Rt~ooa-t-::>-C7-.A~-N~eE~L-, 

~001:: 7"7 .A.7 ~iRfJ...~-ltttv 'J:: ; 1:: L-k t ! 1::1'i, ?1 

-f/-yr~?1-0)••e.A~-y?7t"o:.t~~<~QO) 

'"C', .A/{ -y ?11:: J:: !>-'F~•O)H1:.a-11JJ.!l:: ~-Ito:. t iJi'"C' 
!QJ::?K~o. *k, ?1-f/-yrO)•RK:lt.TX~ 

ilP.l•T~~~t"o11!tT~~:f.~, t L-< 1'i, .;;-ij-y r 
l::f1€~t"?.'iil1iiJl!ll!di'iji;f.l~~:f.ij):, Xl'i, 7.{? cil'li:•t.J 
~~:f.~Hm :t -Cv'O t. 1:.11, 7"7 ;;(70)1±!H,'i'ii.'"C':lt 
.T, ilP.l•-=t-O):Jili~, RF'iji;EEl:.J::oili~, ::S~J'i7.{? 

Pil'li:l:'.:J::?.) EC Rpj(.iJiJ8l,:_ ~, J:JIBO)'f:.ij)::i'J1ltltttv' 
••0)~0)-M'"C'~, v-.Ar7-Y-7~0)-;:t7;;(~0)

R7tiJ'i ?t-7' 'Y r 0)?1-illU1:.1'i.;Tj.1±1t" J:: ? ttfilll* -em~ 
&lll~8!1i1JL--C@kc!::@, ?7-f/-yr0)?1-fJl!IK~Jj.l±!L

k$710)7"7 x~ti;m:t.01tt.1•1'.J '"C'tt<, m~••O)~ 

0)-$~?7-f/-yrO)rK<boJ::?~R71*-e7"7.:;(v 

~*#K~<~?.'i~,*HllJ30)J::?KJ:EO)'f.&~lN:~ 

?.'>:. t 1:: J:: l'.J , ::. 0) J:: ? ttfiLM* "t'S~&l!!tt.1'if!IJ1t '-C 9 
kt!t?7-f/-yr0)?1-•K~Jj.l±!L-k7"7A"vO)Jl957t 

1'im:t:;.ti;, m~••O)~O)-$ti'i?1-f/-y "O)rl.::t? 
.o J::; ttR7t"t.'11, m~&ti!ttJ'i:?'-?' 'Y rO)rl:.<boR 
710)1'J: C* l'.J O)•mti•t:,7"7 A"~iJ'iiJi( Iz:'l;,J::iJ'i l'.J, 7" 
7 A"v~l±!Hli'Rt.l•tiili< L-, ?7-ij-y r0)?1-l::li.;Tj.l±l L
k-R~M:t-ct, B~ O)Jl957t"t'~S~&~~?7-?'-y 

r 0)?1-1.::l'i.;Tj.l±l ~ ttHli'I t ~ < IPJ-O)iJi • .!:: tt l'.J, .A 

/{-y?10);;r-:Jf.8-tta-1:.c~-ittt< tto. 

[ o o 1 4] J!I::, 2*0)$~S~O)•'fr ($~S~ .!:: 
v'-::>-Ct :.O)!§f;iiEtl'til!lltt\~tLo J::? 1:.-.1ii::f.13'rP.JO)jilij• 
I:'.: N *i .!:: S *i t iJ'l <b o t 0) .!:: l:t~ < :. t ft ~ , 1:131:. S 

ti, r111:.Ntie t..-::iiz:13{;$:S~ma-~-:i;rn:.~ 9, ~ 

lOO)J::?Ktt~ktO)c, ..l::~KNa T13KSti:i' 
1b0Iz:13'{;f;:S~me~-?IH.::tt~t::. bO) ta-, ~ 9' ~ 

1 OO)J:.;1:.rP.11.-'i'l-Jtt.:tO)'"C'<botJ'i, w.~, $:l*S~ 
(ii[~:::r-.A~S~> t~t"otis, Il[~:::r-.A:l*S~'"C' 

~?7-if-yrJ:KJ:13K80)S•r~*N~'"C'9;;.~, 

:.tt.l'i v-.A r 7-y:7:l*S~O)J::?1:.lll't~l:.llf.I t.:.'°t"v'o 
tO)"t'l';}:ttv'O)'"C', v-.A r 7 -y :7:1*S~O)•i'I, llit:l* 
~ c -1 7' 1i-m•i:p a- v- .A 71' ~S•O)-•t.1• tiH!:E. 
t..,, -.lii::f.13rP.Jl:.JlX:-.lii:L-Cf.i'1.l>tl.l'Vtblt.>.. :.O)c•, 4lJ 
g1JO)'iji;.'.f-H1:.&fll1.l'ittv'ffl.::1-J::. 0)$7tl:.H1:.t" ?.'> • 

.'.f~~~<-.iii::f.13rP.JKrP:::r.{~·!ltba-L~~biil!~'"C' 

v'-::>-C~~!f!I L--C l<Jl < O)"t'<b o iJ'i, •JmO)~ftf'"C'li7"7 

A"viJ'iJlX:-Jii:t"oil:"t'l::iil!'*tl.ltftblt.>.llel~ftiJ'i 1 o c ml:: 

-4-

ttt l'.J, ::. 0)001±7"7 Xv1±*#l:.§§v'1bO)"t'<bo. L
tP 1..,, J::ii'CO)!f\'fB1J1.::m.:r-~•1:.~-1to'f:.&0)-0~-0ill:t 

-Cv'tLl'f, Mi~t.I> ti+7tttltO)fl.'.fiJ'i1ftE L-, 7"7 Xv 
Ii 1,...., 2 c m"t.'+7tili < tt l'.J, 7"7 A"vO)§§v'$711i~ 
m"t.'9ollc·m< tto. 
[0015] 

C•1ii!l#IJ] ~T, :.O)HllJ30)•:1ii!if§!J:i'~ffiil.::~-?1t'-Cim 

IY3t"o. :.O)HllJ30)M1•1ii!lM~~l.toJ::~~2K~~ 

tL-C.to~, :.tt,t,O)~l.::.tov'-C, /'it-y::\'-~J}'-;f'v- r 1 
10).ffiiK~?7-if-yr12~!1ill'.JN~titt., '*k,~ 

-y::\'-~J/::tv- r 1O)jlffiifJl!ll::1±m~a!il1 3 tJilalN:~ 

tt.-Cv'o. m~&tii 1 31:.1±*-Y$a-1b-::> t::.8!1i1J-'¥-m: 1 
4 iJiJlii ~ f-tlt tin, :. 0)8J!IJ-'¥-~ 1 41.::J:: -::>-CS~&tit 
1sti~/'<-y::\'-:/J/7"v-r110)•001a~h-cd8!1i1J 

t" o J:. :51.::tt-::>-Cv'o. S~&tit 1 3 l'ii:j:t:!R:$S~ 1 3 
a O)~ I'.> 1.:: :.tt.c!:: r~i~a-.tov'-CEl!l~tt.t::.Jl!ll~$S~ 1 
3 b c!::ti>-Oilf:ttitt.-c1.-'o. ?7-if-y r 1 20)..1::~1:.11:. 
tt.c!::MrP.lt"oJ::?K£m1s~Etit~~ *k, ~-?' 
-Yr120).$0)~~K~MJt!!~tLk7-.AY-NP1 

6~~-if-yr12:i'D~OO~J::?K•8t~OO~t-::> 

-Clalll~ ;ti,, ~001:.7"7 .A"viJ>l5ltJ... Utv 'J:: ; 1:. L- -Cli' 
o. ?7-if'Y" 1 2 .!::~•1 5 .!::0)000)~001.::1±lJ ;/Jj' 

~0)7J-~mm11~~-~;ti,, ::,0)7;-Pm•1 
71'if1€Jt!!11tfilc!:: tt-::>-Cv'o. -ti, /'~-y:\'-:/Y::tv- r 
1 11:.1±~UtJiffJJJa~tt.-c1t'o. ?7-?'-y r 1 2 0)"!£. 

ti•fl'llJ:"J50)~r~i1.::1±~?1-•* k1±)5:~?1-~:Yt• 1 s ti' 
~m ~ n, :. 0) :Yt• 1 s ti> i:i 0)~?1-~ * k 1±)5:~?1-~ ~ 

~-c-c%m.:r-~~-if-y~120)"!£.•$0)~%12a0) 

~m.toJ::Vtil'41i!fiO)~iU 2 b O)•m1:.:Jili~ vcv'o. 
/'it 'Y ::\'-~ Jf'::t v-- r 1 1 P'11.:: 1±/fl'll!J/{.{ ::t 1 g ti>tal!li: ~ 
n-Cv'o. 
[O o 1 6) M1•1ii!l#IH.::.to1t'-Cl:t, ?1-if-y r 1 20) 

•iliiili:ff0)~001:..tov'-rm~&• 1 s 1:.J:: o~Bl:r Gt.:* 
o.{ 7'1i-m•ti>~PX:~n.o .!::31:.i:., :7-';l-y r 1 2 t7 

J ~·· 1 7 .!::: 0)00 O')fltfiLZ!I:. J:: o flt•ti>~PX: ~ti,, 
:.tt,t,O)S~c!:: m•t 1:::.J:. -::>-Cii[3'.<:ftl:S•ti>1:. Co J:: :5 
1.::tt o. L-il• Util~ ti, 8!1tb:f.~ 1 4 1.:: J::-::> -CS.'.i'i&tit 
13a-/'<';1:\'-YJ/7"v-r1 1 O).ffiil;::fch-Cd~!lil:J 
~-it.OJ::; 1:. L--C1t'oO)"t', ii[3<:11tS•1b~tt.l:.f*-::>-C 

8!1i1JL-, .$.0)7"7A"viJi?7-if-y r 1 20)"!£.~$.!:: 
ti•fl'llc O)rJ.J'"C'*tillilfl'lll::.to1i'-c1±.;Tj.l±lt" J:.? 1:::tto ii: '"C' 
!lil:J<J::?K~.o. ~O)~, ?7-';l';lr120)&••0)~ 

%12aO)~~.toJ::Vti•fi0)~%12bO)•mKJ't7J.ii{ 

1 8 iJ>t,O)~?j..-'j:f.:1-J:)li:~?l-~a-~'"t"-r:ltflt-::F-a-;ff!l~ 

t"oc,s~••13~?7-if-yr12J::v~~l±l~'"t" 

v'-C t, 7"7 Xv 3 o I±~ 1 11:.~~tt.o J::; 1:.?7--;-?' 
'Y "1 20)"!£.•8Xl±ti•R1.::.tov''°t"bH1:.i"oJ:: :51:. 
tto. flt-Tl-J::?'-ij-y r 2 O)~ffffili:ff0)~000)ifi3'.<:f!1S 
•1.::J:: l'.J, :.tt.1.::~ii[tt13'f/;J-e••~? riv (E) cm 
•~?riv (B) ./::0)~-7 r1vf.i'I (Ex B) O)rP.J~1:::1t 
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@C7)~~7o~tt~m!~~&~!li:IJTo. =Cl)oo~~~ 

!J -\"- • '}f?.. (~imY ;v::f~nifftv\ &ho) :$1-T ,!::1fjg}@ 

L.. -c::i:.-*1v::¥-C7)-$~::/i::-::> it'fl-Tli, m.:r1::MT ?.:! 1f-

7~~~1ve7)i\lli1t\?1-if;,; r 1 21:1'1~hi"iE~miili:m 
r:p~J-p::z~ ttiM.iH~Wi!tti.l•G. v-;7.. · r7;,;7:f:R 
Cl)iifP~hvs.i:!i!Cl)tp~ P!J 7 r L..-Cl9><. 1 cm P!J 
7 r c-ctr< ooel) r t:l ::z~ ttiWI.ifi:OJj.!£~iWl.m*1±~+ c 

mi.l>&~s c ml:JITo. JltOJf!lH;:~~-!J -\"- • '}f7.. 
.!::1fj~l.,-C~;t~ftL.., tl-TC:~;t~~-1:.~-tt"o (a 

f'Fffl) ~~~§:: t:., 1:. t:.ttm-Tli~l'J: IJ r P ::z ~ PifilLJJ! 
~Wi!~~GP!J7rL.., 1:.Ctt~;t~~?'-if;,;rl 

2~e:~•~n-c=ne:•~c. ?7-'.7';,;r12C7)"M 
Cl)?..~;,;?1.t=~•.:rel)•W~fTv\ (y ('}f~v-) f'F 
ffl) • •w~ntt=~•.:r~-~•.:re:~•Cl)=c~:to 
=~?. =Cl)•~c-c. ?1-if;,;r12C7)•ooili:MC7)~ 

rJlll;:v-?.. · r7;;t7:f;ROJ7'7Xvn'>~*T{>. U> 
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cladding. A core index of refraction is greater than an outer cladding index of refraction. The outer cladding index of refraction is greater 
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used in other applications where optical filtering or attenuation is needed. The all fiber optical filter is manufactured by holding a length of 
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of the all fiber optical tilter is achieved. 
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WO 00122742 

ALL FIBER GAIN FLATTENING OPTICAL FILTER 

RELATED APPLICATIONS 

PCT/US99/22102 

This application claims priority under 35 U.S.C. § 119(e) of the co-pending U.S. 

. 5 provisional application Serial Number 601101,853 filed on September 25, 1998 and entitled 

"ALL-FIBER EDFA GAIN FLATTENING FILTER." The provisional application Serial 

Number 60/101,853 filed on September 25, 1998 and entitled "ALL-FIBER EDFA GAIN 

FLATTENING FILTER" is also hereby incorporated by reference. 

10 FIELD OF THE INVENTION 

The present invention relates to the field of fiber optic communications. More 

particularly, the present invention relates to the field of filtering of amplified signals used 

in fiber optic communications systems. 

15 BACKGROUND OF THE INVENTION 

Fiber optic communication systems use optical filiers to carry a modulated 

lightwave signal between a transmitter and a receiver. A cross-section of a typical optical 

fiber is illustrated in FIG. 1. The optical fiber 2 includes a core 4 and a cladding 6. 

Optionally, the optical fiber 2 includes a jacket 8. In a typical optical fiber, the core 4 has 

20 an index of refraction greater than the cJadding 6, thereby forming an optical waveguide. 

By maintaining the core diameter within an allowed range, light traveling within the core 4 

is limited to a single mode. If included, the jacket 8 protects the outer surface of the 

cladding 6 and absorbs stray light traveling within the cJadding 6. A typical single mode 

optical fiber intended for use in communication systems operating at a 1300 nm 

25 wavelength band or a 1550 nm wavelength band has a core diameter of about 8 µm and a 

cladding outside diameter of 125 µm. If the jacket 8 is included, the jacket 8 typically has 

an outside diameter of 250 µm. 

In Wavelength Division Multiplexing (WDM) systems, multiple signals are carried 

by various wavelengths of light through a single optical fiber. A typical WDM system is 

30 shown in FIG. 2. The WDM system 10 includes a transmission system 11, which includes 

a series of transmitters 12, 14, and 16, each coupled to a multiplexer 18. The multiplexer 

18 provides an output, which is coupled to an optical fiber 20. Over long distances 

amJl!ifiers 22 are included along the optical fiber 20. The optical fiber 20 is then also 
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coupled to a receiving system 23, which includes a demultiplexer 24 and a series of 

receivers 26, 28, and 30. The optical fiber 20 is coupled to an input of the demultiplexer 

24 of the receiving system 23. Outputs of the demultiplexer 24 are coupled to the series of 

receivers 26, 28, and 30. 

5 In the WDM system l 0, a first transmitter 12 transmits a light signal at a first 

wavelength (A. 1), a second transmitter 14 transmits a light signal at a second wavelength 

(A.i), and so forth until an nth transmitter 16 transmits a light signal at an nth wavelength 

("-ii). The shortest wavelength signal and the longest wavelength signal form a wavelength 

band. The signals are combined by the multiplexer 18, which then transmits the light 

10 signals along the optical fiber 20. Over distance the power of the light signals decrease 

due to attenuation. The light signals are typically amplified about every 50 - 100 km. For 

the 1550 run wavelength band, this ampJification is :generally performed by an Erbium 

Doped Fiber Amplifier (EDF A) 22. When the light signals reach their destination they are 

separated by the demultiplexer 24. The light signals are then received by the receivers 26, 

15 28, and 30. Light signal intensity versus wavelength for a typical wavelength band of. 

WDM light signals is illustrated in FIG. 3. 

Flat gain response for EDF As is crucial to the performance of the WDM system 10, 

since small variations in gain for various wavelengths will grow exponentially over a series 

of in-line EDF As 22. Agrawal in "Fiber Optic Communication Systems," (Wiley, 2nd ed., 

20 1997, pp 414 - 415) teaches that numerous methods can be used to flatten the gain 

response of these amplifiers. One method of flattening this gain response is to use channel 

filters to equalize the gain for various wavelengths. Another method is to adjust the input 

powers of different wavelengths so that amplification results in uniform intensity for 

various wavelengths. A third method is to use inhomogeneous broadening of the EDF A 

25 gain spectrum to equalize wavelength intensity. A fourth method is to use multiple EDFAs 

tuned to different wavelength ranges and configured with feedback loops. A final method 

is to use a filter or series of filters to selectively attenuate the gain response of an EDF A. 

A typical gain versus wavelength response for an EDFA is shown in FIG. 4A. 

When utilizing a filter or series of filters to flatten gain response, an optical filter, with an 

30 attenuation curve as shown in FIG. 4B, can be used to selectively attenuate the gain 

response. The resulting attenuated EDFA gain is shown in FIG. 4C. As shown in FIG. 

- 2 -
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4C, this attenuated EDF A gain is substantially flat over a range of wavelengths including 

1530 nm to 1560 run. Without a substantially flat gain, the quality of the signal received 

by the receivers 26, 28, and 30 will be poor. 

There are many different known methods for selectively attenuating the gain 

5 response of an EDF A in order to improve the signal quality of the signals received by the 

receivers 26, 28, and 30. U.S. Pat. No. 5,260,823 to Payne et al. entitled, "Erbium-Doped 

Fibre Amplifier with Shaped Spectral Gain," teaches that a wavelength-selective resonant 

coupling between a propagating core mode to a cladding leaky mode can be used for 

filtering a wavelength band for EDF A gain flattening. A periodic perturbation of the core 

10 forms a grating and the selected wavelength is attenuated by the resonant coupling between 

the core and the cladding. By varying the perturbation length, various selected 

wavelengths can be attenuated. Payne et al. also teach that multilayered dielectric coatings 

can be used for making an optical filter for EDF A gain flattening. A multilayered filtering 

apparatus includes two coupling lenses and a multilayered dielectric filter. The two 

15 coupling lenses connect to an optical fiber and sandwich the multilayered dielectric filter. 

The multilayered dielectric filter is designed to cancel out the larger gain around the peak 

wavelength and to be transparent elsewhere. 

U.S. Pat. No. 5,473,714 to Vengsarkar entitled, "Optical Fiber System Using 

Tapered Fiber Devices," teaches that tapered fiber devices can be used for filtering in an 

20 optical telecommunications system. Vengsarkar teaches that by tapering an optical fiber, 

light can be attenuated by wavelength cutoff and direct coupling from a core to a cladding. 

The tapered fiber device is formed from the optical fiber by heating the optical fiber and 

stretching it. The taper reduces the diameter of the core to a value close to the cutoff 

wavelength. Light with wavelengths near and above the cutoff wavelength are coupled 

25 directly to the cladding. 

U.S. Pat. No. 5,583,689 to Cassidy et al. entitled "Filter With Preselected 

Attenuation/Wavelength Characteristic," teaches that a fiber grating, with spatially separated 

parts having different attenuation characteristics, can perform filtering for EDF A gain 

flattening. The fiber grating is preferably a side-tap Bragg fiber grating. By varying the 

30 pitch along the fiber grating an appropriate attenuation profile can be provided for 

flattening the EDF A gain response. 
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U.S. Pat. No. 5,067,789 to Hall et al. entitled, "Fiber Optical Coupling Filter and 

Amplifier," teaches that a light~attenuating light path adjacent to a first core within a 

cladding can be used to filter wavelengths about a specific wavelength for EDF A gain 

flattening. The light attenuating light path is preferably one or more lossy cores that are 

5 evanescently coupled to the first core. The evanescent coupling between the first core and 

the light attenuating light path is greatest where the effective index of refraction of the first 

core equals the effective index of refraction of the light attenuating light path. By 

choosing a single mode or a higher multimode optical waveguide structure for the light 

attenuating light path, the effective index of refraction for the light attenuating light path 

10 can be varied. Hall et al. teach that the index of refraction for the material for the light 

attenuating light path should be greater than the index of refraction for the material for the 

first core. Hall et al. further teach that as an alternative embodiment the lossy core could 

be a lossy annular region located concentrically about the first core and within the 

cladding. A necessary feature of this filter is that the lossy core or the lossy annular region 

15 has specific light absorption characteristics. Since the lossy core or the lossy annular 

region is contained completely within the cladding, the specific light absorption 

characteristics dissipates light energy that has been filtered from the first core to the lossy 

core or the lossy annular region. The absorption characteristics of the lossy core or the 

lossy annular region determine an amount of attenuation of the filtered wavelengths. 

20 Each of these known methods for filtering an amplified signal from an EDF A can 

be inefficient, unreliable, and expensive. There is currently a lack of efficient filters for 

gain flattening in fiber optic systems, which are easy to manufacture and use within a 

WDM system. 

25 SUMMARY OF THE INVENTION 

An all fiber optical filter is formed by stretching an optical fiber. The all fiber 

filter includes a core, an inner cladding, and an outer cladding. A core index of refraction 

is greater than an outer cladding index of refraction. The outer cladding index of 

refraction is greater than an inner cladding index of refraction. The all fiber optical filter 

30 attenuates a portion of an optical signal by transferring optical energy from the core to the 
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outer cladding by evanescent coupling. The all fiber optical filter has a compact structure, 

which prevents bending and provides stable temperature performance. 

The all fiber optical filter is preferably used in Wavelength Division Multiplexing 

(WDM) systems for gain ·flattening of gain responses from Erbium Doped Fiber Amplifiers 

5 (EDFAs). Alternatively, the all'fiber optical filter is used in other applications where 

optical filtering or attenuation is needed. 

10 

The all fiber optical filter is manufactured by holding a length of an appropriate 

optical fiber between two clamps, heating the optical fiber, and stretching the optical fiber 

until a predetermined characteristic of the optical fiber is achieved. 

BRIEF DESCRIPTION OF THE ORA WINGS 

FIG. I illustrates a cross section of an optical ,fiber of the prior art. 

FIG. 2 illustrates a block diagram of a WDM system of the prior art. 

FIG. 3 illustrates a graph of intensity versus wavelength for a wavelength band of 

15 WDM light signals of the prior art. 

20 

FIG. 4A illustrates an EDFA gain curve over a range of wavelengths of the prior 

art. 

FIG. 4B illustrates a filter attenuation curve over a range of wavelengths for gain 

band flattening of the prior art. 

FIG. 4C illustrates an attenuated EDFA gain curve over a range of wavelengths 

using a filter of the prior art. 

FIG. 5 illustrates a linear cross section of an all fiber optical filter of the present 

invention. 

FIG. 6 illustrates a cross~section of the all fiber optical filter of the present 

25 invention. 

30 

FIG. 7 illustrates the all fiber optical filter and additional structure of the present 

invention. 

FIGS. SA, SB, and SC illustrate configurations including an EDF A, a first all fiber 

optical filter, and a second aJJ fiber optical filter of the present invention. 

FIGS. 9A and 9B illustrate intensity versus wavelength for an EDF A gain response 

and a filtered EDF A gain response of the present invention. 
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FIG. 10 illustrates an EDF A and an all fiber optical filter of the present invention. 

FIG. 11 illustrates a WDM system including the all fiber optical filter of the present 

invention. 

FIG. 12 illustrates a first apparatus for making the all fiber optical filter of the 

5 present invention. 

FIG. 13 illustrates a second apparatus for making the all fiber optical filter of the 

present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

1 O A linear cross section of an all fiber optical filter of the present invention is 

illustrated in FIG. 5. The all fiber optical filter 32 has a core 34, an inner cladding 36, an 

outer cladding 38, and a filter length 40. A cross-section of the all fiber optical filter 32 

showing the core 34, the inner cladding 36, and the outer cladding 38 is illustrated in FIG. 

6. The core 34 has a core diameter. The inner cladding 36 has an inner cladding 

15 thickness. The outer cladding 38 has an outside diameter. Indexes of refraction for the 

core 34, the inner cladding 36, and the outer cladding 38 are referred to as a core index of 

refraction, an inner index of refraction, and an outer index of refraction, respectively. The 

core index of refraction is preferably greater than the outer index of refraction. The outer 

index of refraction is preferably greater than the inner index of refraction. By an 

20 appropriate selection of the core index of refraction, the inner index of refraction, and the 

outer index of refraction as well as selecting the core diameter and the inner cladding 

thickness, optical energy from an optical signal within a wavelength range is transferred 

from the core 34 to the outer cladding 38 by evanescent coupling. 

The core 34 of the all fiber optical filter 32 is a single mode waveguide. A 

25 convention used when discussing optical waveguides is to refer to an effective index of 

refraction, which is defined as a waveguide propagation constant 13 divided by a free space 

wave number k0 • The effective index of refraction is both wavelength dependent and mode 

dependent. A core effective index of refraction for the core 34 has a value between the 

inner index of refraction and the core index of refraction. Reducing the core diameter 

30 reduces the core effective index of refraction provided that the single mode continues to 

propagate. The outer cladding 38 is a multimode waveguide. The outer cladding is 
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sufficiently large that an outer effective index of refraction for a first mode is equal to the 

outer index of refraction. The inner cladding 36 forms a barrier between the core 34 and 

the outer cladding 38. Optical energy will transfer from the core 34 to the cladding 38 by 

evanescent coupling if the core effective index of refraction is near to the outer index of 

5 refraction and the barrier is sufficiently narrow. Since the core effective index of 

refraction depends upon the core diameter, the core diameter determines a wavelength 

range that could couple from the core 34 to the outer cladding 38. 

The core diameter, the core effective index of refraction, and the outer index of · 

refraction determine a peak attenuation wavelength and a wavelength band about the peak 

10 attenuation wavelength that couples from the core 34 to the outer cladding 38. Optical 

energy that couples from the core 34 to the outer cladding 38 and is propagating in the 

first mode can couple back to the core 34. Accordingly, the outer diameter of the outer 

cladding and the filter length 40 adjust the peak attenuation wavelength and the wavelength 

band about the peak wavelength. Depending upon a variation of the core effective index 

15 of refraction with wavelength, other peak attenuation wavelengths and wavelength bands 

could couple from the core 34 to the outer cladding 3 8. 

The all fiber optical filter 32 and additional .structure is illustrated in FIG. 7. The 

additional structure includes an input length 42, an output length 44, a first transition 46, 

and a second transition 48. The input length 42 connects to the first transition 46, which 

20 connects to the all fiber optical filter 32. The all fiber optical filter 32 connects to the 

second transition 48, which connects to the output length 44. The core 34, the inner 

cladding 36, and the outer cladding 38 of the all fiber optical filter 32 extend through the 

input length 42, the first transition 46, the second transition 48, and the output length 44. 

The thickness of the inner cladding 36, within the input length 42 and the output length 44, 

25 is greater than an evanescent coupling thickness that allows evanescent coupling between 

the core 34 and the outer cladding 38 within the input length 42 and the output length 44. 

The input length 42 and the output length 44 are coupled to an optical fiber system by 

appropriate means available for coupling optical fiber components. 

An exemplary configuration including an EDF A and a cascaded series of all fiber 

30 optical filters used to flatten the EDF A gain over wavelength ranges of 1529 nm to 1562 

nm and 1580 nm to 1620 mn is illustrated in FIG. SA. The EDFA 52 is coupled to a first 
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all fiber optical filter 54. The first all fiber optical filter 54 is coupled to a second all fiber 

optical filter 56. An input optical signal 5S is provided to the EDF A 52, which amplifies 

the input optical signal 58 and provides an amplified optical signal. The amplified optical 

signal is then provided to the first all fiber optical filter 54, which filters the amplified 

5 optical signal and provides a first filtered optical signal. The first filtered optical signal is 

then provided to the second all fiber optical filter 56, which filters the first filtered optical 

signal and provides an output optical signal 60. 

Other configurations for the EDF A 52, first all fiber optical filter 54, and the 

second all fiber optical filter 56 are illustrated in FIGS. SB and SC. In FIG. SB, the first 

10 all fiber optical filter 54 is coupled to the EDF A 52, which is coupled to the second all 

fiber optical filter 56. In FIG. SC, the first all fiber optical filter 54 is coupled to the 

second all fiber optical filter, which is coupled to the EDF A 52. 

In the preferred embodiment of the present invention, intended to operate in the 

wavelength ranges of 1529 nm to 1562 mn and 1580 nm to 1620 nm, the core 34, the 

15 inner cladding 36, and the outer cladding 3S are silica glasses. The indexes of refraction 

are preferably 1.467 for the core index of refraction, 1.411 for the inner index of 

refraction, and 1.424 for the outer index of refraction. The core diameter is preferably 

within the range and including 3 µm and 6 µm. An outer diameter for the inner cladding 

36 is preferably within the range and including 12 µm and 30 µm. The outside diameter 

20 of the outer cladding 3S is preferably within the range and including 50 µm and S5 µm. 

The filter length 40 is preferably within the range and including 10 mm and 20 mm. 

Specific dimensions for the preferred embodiment are a result of a forming process, which 

preferably uses an optical spectrum response for the all fiber optical filter 32 as a critical 

parameter. 

25 The preferred embodiment for the all fiber optical filter 32 is formed by identifying 

a preferred peak EDF A gain response and a preferred wavelength band about the preferred 

peak gain response that is to be flattened. An inverse of the gain response for the 

preferred wavelength band becomes a preferred target response for the all fiber optical 

filter 32 such that the all fiber optical filter 32 provides a preferred attenuation response 

30 that is near to the preferred target response after the forming process. 
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Referring to FIG. 8A, the EDFA 52 provides the amplified optical signal, which is 

used to determine the first peak EDF A gain response and the first wavelength band. For a 

test EDF A used in testing an all fiber optical filter of the present invention, the preferred 

· . peak EDF A gain response was found to be at 1533 nm with a preferred relative gain 

5 response of 6.0 dB. The relative gain response is defined as the difference between a 

specific gain _response for a specific wavelength and a minimum gain response for the 

wavelength range. The preferred target response about 1533 nm was used in the forming 

process so that after the forming process, the all fiber optical filter 32 provided the 

preferred attenuation curve. 

10 An alternative embodiment is formed by identifying an alternate target response for 

an alternate peak EDFA gain response and an alternate wavelength band about the alternate 

peak EDF A gain response. For the test EDF A, the alternate peak wavelength was found to 

be at 1552 nm with an alternate relative gain response of 3.83 dB. 

Referring to FIG. 8A, tests were performed in which the EDFA 52 was the test 

15 EDFA, the first all fiber optical filter 54 was the preferred embodiment of the all fiber 

optical filter described above and having the preferred attenuation response, and the second 

all fiber optical filter 56 was the alternative embodiment of the all fiber optical filter 

described above and having an alternate attenuation response. Test results using this 

configuration for the wavelength range from 1529 nm to 1562 nm are illustrated in FIG. 

20 9A. The EDF A gain response is shown as the curve A. The first target response is the 

inverse of the EDF A gain response from 1529 nm to 1540 run. The second target response 

is the inverse of the EDF A gain response from 1540 nm to 1562 nm. The output optical 

signal 60 is shown as the curve B, which shows a substantially flat attenuated EDF A gain 

curve over the wavelength range from 1529 run to 1562 nm. 

25 Test results using this configuration for the wavelength range from 1580 nm to 

1620 are illustrated in FIG. 9B. The EDFA gain response is shown as the curve C. The 

output optical signal 60 is shown as the curve D, which shows a substantially flat 

attenuated gain curve over the wavelength range from 1580 run to 1620 nm. 

An alternative embodiment comprising the EDF A 52 and a single all fiber optical 

30 filter is illustrated in FIG. l 0. Depending upon the gain response of the EDF A 52, the 

single all fiber optical filter 62 will suffice to flatten the gain response of the EDF A 52. 
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The EDF A 52 is coupled to the single all fiber optical filter 62. The input optical signal 

58 is provided to the EDF A 52, which amplifies the input optical signal 58 and provides an 

amplified optical signal. The amplified optical signal is then provided to the single all 

fiber optical filter 62, which filters the amplified optical signal and provides the output 

5 optical signal 60. 

A WDM system with EDF A gain flattening including one or more all fiber optical 

filters according to the present invention is illustrated in FIG. 11. The WDM system 66 

includes a transmission system 11, which includes a series of transmitters 12, 14, and 16 

each coupled to a multiplexer 18. The multiplexer 18 provides an output, which is coupled 

1 O to an optical fiber 20. Over long distances EDF As 22 and the one or more all fiber optical 

filters 68 are included along the optical fiber 20. The optical fiber 20 is then also coupled 

to a receiving system 23, which includes a demultiplexer 24 and a series of receivers 26, 

28, and 30. The optical fiber 20 is coupled to an input of the demultiplexer 24 of the 

receiving system 23. Outputs of the demultiplexer 24 are coupled to the series of receivers 

15 26, 28, and 30. 

In the WDM system 66, a first transmitter 12 transmits a light signal at a first 

wavelength (A. 1), a second transmitter 14 transmits a light signal at a second wavelength 

("'2), and so forth until an nth transmitter 16 transmits a light signal at an nth wavelength 

(} .. 
0
). The light signals are combined by the multiplexer 18, which then transmits the light 

' 20 signals along the optical fiber 20. Over distance the power of the light signals decrease 

due to attenuation. The light signals are amplified approximately every 50 - I 00 km by the 

EDF As 22. The one or more all fiber optical filters 68 flatten the EDF A gain for the light 

signals, as discussed above. When the light signals reach their destination they are 

separated by the demultiplexer 24. The light signals are then received by the receivers 26, 

25 28, and 30. 

A first apparatus for manufacturing the all fiber optical filter of the present 

invention is illustrated in FIG. 12. The first apparatus 70 includes a heating source 72, a 

first clamp 74, a second clamp 76, a first stepper motor 78, a second stepper motor 79, a 

first drive means 80, and a second drive means 81. The first clamp 74 is placed to one 

30 side of the heating source 72. The second clamp 76 is placed adjacent to the heating 

source 72 on the side opposite to the first clamp 74. The first clamp 74 is connected to the 
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first stepper motor 78 by the first drive means 80. The second clamp 76 is connected to 

the second stepper motor 79 by the second drive means 81. 

A first method of manufacture uses the first apparatus 70. An initial length of 

optical fiber 82 is held between the first clamp 74 and the second clamp 76. The heating 

5 source 72 heats the optical fiber 82 to within an allowed temperature range. The first 

stepper motor 78 actuates the first drive means 80. The second stepper motor 79 actuates 

the second drive means 81. Consequently, the first clamp 74 and the second clamp 76 are 

further separated. This further separation stretches the optical fiber 82. When a 

predetermined stretch distance has been reached the first and second stepper motor 78 and 

10 79 are stopped, which stops the first and second clamp 74 and 76. Finally, the heating 

source 72 is removed, the heating source 72 is turned off, or the optical fiber 82 is 

removed from the heating source 72. This results in an all fiber optical filter, according to 

the present invention, having a predetermined filter length. 

A second and preferred apparatus for manufacturing the all fiber optical filter of the 

15 present invention is illustrated in FIG. 13. The second apparatus 84 includes the first 

apparatus 70, a process control unit 86, a light source 88, and an optical spectrum analyzer 

90. The light source 88 is located at one end of the optical fiber 82. The optical spectrum 

analyzer 90 is located at the end of the optical fiber 82 opposite to the light source 88. 

The process control unit 86 controls and monitors the heating source 72 through a first 

20 control link 92. The process control unit 86 controls the first stepper motor 78 through a 

second control link 94. The process control unit 86 controls the second stepper motor 79 

throug!'l a third control link 95. The process control unit 86 controls the light source 88 

through a fourth control link 96. The process control unit 86 controls and monitors the 

optical spectrum analyzer 90 through a fifth control link 98. 

25 A second and preferred method of manufacture uses the second apparatus 84. The 

initial length of optic~l fiber 82 is held between the first clamp 74 and the second clamp 

76. The process control unit 86 signals and monitors the heating source 72. The heating 

source 72 heats the optical fiber to within the allowed temperature range. The process 

control unit 86 turns on the light source 88. The light source 88 couples light to the 

30 optical fiber 82. Preferably, the light source 88 is a white light source. The optical fiber 

82 transmits the light to the end of the optical fiber 82 opposite the light source 88. The 
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light exits the optical fiber 82. The process control unit turns on the optical spectrum 

analyzer 90. The optical spectrum analyzer 90 detects the light that exits from the optical 

fiber 82. The process control unit 86 signals the first and second stepper motors 78 and 

79. The first and second stepper motors 78 and 79 further separate the first and second 

5 clamps 74 and 76. This further separation stretches the optical fiber 82. As the optical 

fiber 82 is stretched, the light signal at the end of the optical fiber adjacent to the optical 

spectrum is monitored for a predetermined optical spectrum response that is based on the 

target response, as described above. When the optical spectrum analyzer 90 detects the · 

predetermined optical spectrum response, the process control unit 86 stops the first and 

10 second stepper motors 78 and 79, thereby stopping the first and second clamp 74 and 76. 

Finally, the process control unit signals the heating source 72 to stop heating. This results 

in an all fiber optical filter, according to the present invention, having a desired attenuation 

response. 

Preferably, the optical fiber 82 used to form the all fiber optical filter 32 of the 

15 present invention has a core with an initial diameter of 8.3 µm, an inner cladding with an 

initial outside diameter of 45 µm, and an outer cladding with an initial outside diameter of 

125 µm. Preferably, a length of 6 mm is heated by the heating source 72 to a temperature 

within the range between 900 °C and 1100 °C. The optical fiber 82 is stretched to a length 

of about 15 mm. Preferably, the specific stretch length and other dimensions of the all 

20 fiber optical filter are determined by the predetermined optical spectrum response. 

It will be readily apparent to one skilled in the art that other various modifications 

may be made to the preferred embodiment without departing from the spirit and scope of 

the invention as defined by the appended claims. Specifically, the all fiber optical filter of 

the present invention could be used to flatten the gain of other rare earth doped fiber 

25 amplifiers or the all fiber optical filter of the present invention could be used to filter or 

attenuate any optical signal. 
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CLAIMS 

We claim: 

1. An all fiber optical filter formed from stretching an optical fiber and 

2 comprising a fiber optic core, an inner cladding formed concentrically about the fiber optic 

3 core, and an outer cladding formed concentrically about the inner cladding, wherein an 

4 outer index of refraction of the outer cladding is less than a core index of refraction of the 

5 fiber optic core and further wherein the outer index of refraction is greater than an inner 

6 index of refraction of the inner cladding. 

2. The all fiber optical filter as claimed in claim 1 wherein the optical fiber:is 

2 stretched until evanescent coupling is achieved between the fiber optic core and the outer 

3 cladding. 

3. The all fiber optical filter as claimed in claim 2 wherein the all fiber optical 

2 filter is configured to receive an optical signal, including a gain, from a fiber amplifier. 

4. The all fiber optical filter as claimed in claim 3 wherein the optical signal is 

2 filtered by the evanescent coupling between the fiber optic core and the outer cladding to 

3 flatten the gain. 

5. The all fiber optical filter as claimed in claim 1 wherein the optical fiber is 

2 stretched until a filter optical response is approximately equal to a target optical spectrum 

3 response. 

1 6. The all fiber optical filter as claimed in claim 5 wherein the target optical 

2 spectrum respo~se is an inverse of a portion of an amplifier gain spectrum. 

7. An all fiber optical filter formed by stretching an optical fiber and 

2 comprising: 
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a. 

b. 

c. 

a single mode fiber optic core having a core index of refraction; 

an inner cladding formed concentrically about the single mode fiber 

optic core, the inner cladding having an inner index of refraction, the inner 

index of refraction being less than the core index of refraction; and 

an outer cladding formed concentrically about the inner cladding, the 

outer cladding having an outer index of refraction, the outer index of 

refraction being less than the core index of refraction, the outer index being 

greater than the inner index of refraction; 

wherein the optical fiber is stretched until a filter optical response is approximately equal to 

a target optical spectrum response. 

8. The all fiber optical filter as claimed in claim 7 wherein the target optical 

spectrum response is an inverse of a portion of an amplifier gain spectrum. 

9. 

a. 

b. 

c .. 

10. 

An optical filter comprising: 

a fiber optic core having a first diameter, a filter length, and a first 

index of refraction; 

an inner cladding formed concentrically about the fiber optic core, 

the inner cladding having a second index of refraction and a first thickness, 

wherein the second index of refraction is less than the first index of 

refraction; and 

an outer cladding formed concentrically about the inner cladding, the 

outer cladding having a third index of refraction, wherein the third index of 

refraction is greater than the second index of refraction and less than the first 

index of refraction, and further wherein the first diameter and the first 

thickness are of dimensions to promote evanescent coupling between the 

fiber optic core and the outer cladding. 

The optical filter as claimed in claim 9 wherein the optical filter is 

2 configured to receive an optical signal, including a gain, from a fiber amplifier. 
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11. The optical filter as claimed in claim 10 wherein the optical signal is filtered 

2 by the evanescent coupling between the fiber optic core and the outer cladding to flatten 

3 the gain. 

12. The optical filter as claimed in claim 11 wherein the fiber optic core further 

2 includes an input length with a second diameter and an output length with a third diameter, 

3 wherein the input length is coupled to the filter length by a first transition length and the 

4 output length is coupled to the filter length by a second transition length, and further 

5 wherein the second diameter and the third diameter each are greater the first diameter. 

2 

3 

4 

5 

6 

l 

2 

3 

1 

2 

3 

13. The optical filter as claimed in claim 12 wherein the inner cladding includes 

a second thickness formed about the input length of the fiber optic core and a third 

thickness formed about the output length of the fiber optic core, the inner cladding having 

a first smooth variation thickness form the first thickness to the second thickness and a 

second smooth variation thickness from the first thickness to the third thickness, wherein 

the second thickness and the third thickness are each greater than the first thickness. 

14. The optical filter as claimed in claim 13 wherein the outer cladding includes 

an input outer cladding formed about the second thickness and the first smooth variation 

thickness. 

15. The optical filter as claimed in claim 14 wherein the outer cladding includes 

an output outer cladding formed about the third thickness and the second smooth variation 

thickness. 

16. An all fiber optical filter for flattening gain of an amplified optical signal 

2 provided from a fiber amplifier comprising: 

3 a. a fiber optic core having an input length, a filter length, an output 

. 4 length and a first index of refraction, wherein the input length is separated 

5 from the filter length by a first transition length and the filter length is 

6 separated from the output length by a second transition length and further 
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b. 

c. 

wherein the first transition length has a decreasing diameter from the input 

length to the filter length and the second transition length has an increasing 

diameter form the filter length to the output length; 

an inner cladding formed concentrically about the fiber optic core, 

the inner cladding having a second index of refraction and an input thickness 

formed about the input length of the fiber optic core and a filter thickness 

formed about the filter length of the fiber optic core and a first smooth 

variation thickness from the input thickness to the filter thickness, the inner 

cladding having an output thickness formed about the output length of the 

fiber optic core, the inner cladding having a second smooth variation 

thickness form the filter thickness to the output thickness; and 

an outer cladding formed concentrically about the inner cladding, the 

outer cladding having a third index of refraction which is less than the first 

index of refraction and greater than the second index of refraction. 

The all fiber optical filter as claimed in claim 16 wherein a core diameter of 

2 the fiber optic core and the filter thickness are of dimensions to promote evanescent 

3 coupling between the fiber optic core and the outer cladding. 

2 

I 

2 

3 

18. The all fiber optical filter as claimed in claim 17 wherein the optical filter is 

configured to receive an optical signal, including a gain, from a fiber amplifier. 

19. The all fiber optical filter as claimed in claim 18 wherein the optical filter is 

filtered by the evanescent coupling between the fiber optic core and the outer cladding to 

flatten the gain. 

20. A fiber optic communication system for transmitting an optical signal 

2 comprising: 

3 

4 

a. 

signal; 

a transmission system configured to receive and transmit the optical 

- 16 -
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b. a first length of optical fiber coupled to the transmission system for 

carrying the optical signal; 

c. an amplifier coupled to the first length of optical fiber for amplifying 

the optical signal thereby forming an amplified signal having a gain; 

d. an optical filter coupled to the amplifier for filtering the amplified 

e. 

f. 

signal and flattening the gain, thereby forming a filtered signal, the optical 

filter including: 

i. a fiber optic core having a first diameter, a filter length, a first index 

of refraction, a first end for receiving the amplified signal, and a 

second end for transmitting the filtered signal; 

ii. an inner cladding formed concentrically about the fiber optic core, 

the inner cladding having a second index of refraction and a first 

thickness, wherein the second index of refraction is less than the first 

index of refraction; and 

iii. an outer cladding formed concentrically about the inner cladding, the 

outer cladding having a third index of refraction, wherein the third 

index of refraction is greater than the second index of refraction and 

the third index of refraction is less than the first index of refraction, 

wherein the first diameter and the first thickness are of dimensions to 

promote evanescent coupling between the fiber optic core and the 

outer cladding to flatten the gain of the optical signal; 

a second length of optical fiber coupled to the optical filter for 

carrying the filtered signal; and 

a receiving system coupled to the second length of optical fiber to 

receive the filtered signal. 

The fiber optic communication system as claimed in claim 20 wherein the 

2 transmission system includes a multiplexer and a plurality of transmitters coupled to the 

3 multiplexer for transmitting the optical signal. 

- 17 -
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22. The fiber optic communication system as claimed in claim 21 wherein the 

2 receiving system includes a demultiplexer and a plurality of receivers coupled to the 

3 demultiplexer for receiving the filtered signal. 

23. A fiber optic communication system for transmitting an optical signal 

2 comprising: 

3 a. a transmission system configured to receive and transmit the optical 

4 signal; 

5 b. a first length of optical fiber coupled to the transmission system for 

6 carrying the optical signal; 

7 c. an optical filter coupled to the first length of optical fiber for filtering 

8 the optical signal, thereby forming a filtered signal, the optical filter 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

d. 

e. 

including: 

i. 

11. 

iii. 

a fiber optic core having a first diameter, a filter length, a first index 

of refraction, a first end for receiving the amplified signal, and a 

second end for transmitting the filtered signal; 

an inner cladding formed concentrically about the fiber optic core, 

the inner cladding having a second index of refraction and a first 

thickness, wherein the second index of refraction is less than the first 

index of refraction; and 

an outer cladding formed concentrically about the inner cladding, the 

outer cladding having a third index of refraction, wherein the third 

index of refraction is greater than the second index of refraction and 

the third index of refraction is less than the first index of refraction, 

wherein the first diameter and the first thickness are of dimensions to 

promote evanescent coupling between the fiber optic core and the 

outer cladding to filter the optical signal; 

an amplifier coupled to the optical filter for amplifying the filtered 

signal thereby forming an amplified signal having a flattened gain; 

a second length of optical fiber coupled to the amplifier for carrying 

the alnplified signal having the flattened gain; and 

- 18 -
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f. a receiving system coupled to the second length of optical fiber to 

receive the amplified signal having the flattened gain. 

The fiber optic conununication system as claimed in claim 23 wherein the 

2 transmission system includes a multiplexer and a plurality of transmitters coupled to the 

3 multiplexer for transmitting the optical signal. 

25. The fiber optic conununication system as claimed in claim 24 wherein the 

2 receiving system includes a demultiplexer and a plurality of receivers coupled to the 

3 demultiplexer for receiving the filtered signal. 

2 

3 

4 

5 

6 

7 

2 

26. A method of manufacturing an all fiber optical filter, which begins with an 

optical fiber having a core, inner cladding, and outer cladding, comprising: 

a. holding the optical fiber between a first clamp and a second clamp; 

b. heating a length of the optical fiber between the first clamp and the 

second clamp; and 

c. stretching the optical fiber by further separating the first clamp and 

the second clamp until a predetermined characteristic is achieved. 

27. The method as claimed in claim 26 wherein the predetermined characteristic 

is a stretch length of the optical fiber. 

28. The method as claimed in claim 27 wherein the step of heating includes 

2 heating the length of optical fiber to a temperature within the range of 900 °C to 1100 °C. 

2 

3 

1 

2 

29. The method as claimed in claim 28 wherein the step of stretching is 

completed by using a first stepper motor that controls the movement of the first clamp and 

a second stepper motor that controls the movement of the second clamp. 

30. The method of claim 26 wherein the predetermined characteristic is an 

optical spectrum response of the optical fiber. 

• 19 • 
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31. The method as claimed in claim 30 wherein the optical spectrum response is 

measured using a white light source and an optical spectrum analyzer. 

32. The method as clai:;ned in claim 31 wherein the predetermined optical 

spectrum response is based upon an inverse of a portion of an amplifier gain spectrum such 

that upon cooling of the all fiber optical filter, the optical spectrum response will be nearly 

equal to the inverse of the portion of the amplifier gain spectrum. 

33. The method as claimed in claim 32 wherein the temperature is within the 

range between and including 900 °C to 1100 °C. 

- 20 -
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An encapsulated organic light emitting device. The device includes a first barrier stack (110) comprising at least one first barrier 

layer (140) and at least one first polymer layer ( 150, 160). There is an organic light emitting layer stack (120) adjacent to the first barrier 

stack. A second barrier stack ( 130) is adjacent to the organic light emitting layer stack. The second barrier stack has at least one second 

barrier layer (170) and at least one second polymer layer (180, 190). A method of making the encapsulated organic light emitting device 
is also provided. 
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ENVIRONMENTAL BARRIER MATERIAL FOR ORGANIC 
LIGHT EMITTING DEVICE AND METHOD OF MAKING 

BACKGROUND OF THE INVENTION 

The present invention relates to organic light emitting devices (OLEDs), 

and more particularly to OLEOs encapsulated in barrier stacks. 

10 There is a need for versatile visual displays for electronic products of 

many different types. Light emitting diodes (LEDs) and liquid crystal displays 

(LCOs) have found many useful applications, but they are not adequate for all 

situations. OLEDs are a relatively new type of visual display which has shown 

great promise. An OLEO basically includes an organic electroluminescent 

15 substance placed between two electrodes. When an electric potential is applied 

across the·electrodes, the electroluminescent substance emits visible light. 

Typically, one of the electrodes is transparent, allowing the light to shine through. 

U.S. Patent Nos. 5,629,389 (Roitman et al.), 5,747, 182 (Friend et al.), 5,844,363 

(Gu et al.}, 5,872,355 (Hueschen}, 5,902,688 (Antoniadis et al.), and 5,948,552 

20 (Antoniadis et al.), which are incorporated herein by reference, disclose various 

OLEO structures. 

The use of OLEOs in flat panel displays and other information display 

formats is limited by the .poor environmental stability of the devices. 

G.Gustafson, Y.Cao, G.M.Treacy, F.Klavetter, N.Colaneri, and A.J.Heeger, 

25 Nature, Vol. 35·,··11 June 1992, pages 477-479. Humidity and oxygen 

significantly reduce the useful life of most OLEDs. As a result, these devices are 

typically fabricated on glass substrates with glass covers laminated on top of the 

OLEO and with the edges sealed to exclude water and oxygen from the active 

layers. U.S. Patent No. 5,872,355 discloses the use of a polymer such as saran 

30 to seal the device. The water vapor permeation rates (WVTR) required to 

provide sufficient lifetime for OLEDs is calculated to be approximately 1 o-6 

g/m2/day. The best polymer films (such as saran) have WVTR values that are 5 

orders of magnitude too high to be considered for OLEO encapsulation. 

- I " 
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Furthermore, saran cannot be deposited using flash evaporation, condensation, 

and in situ polymerization within a vacuum chamber. 

Thus, there is a need for an improved lightweight, barrier construction 

which can be used to encapsulate the OLEO and prevent the deterioration 

5 caused by permeation of oxygen and water vapor and for a method of making 

such an encapsulated OLEO. 

SUMMARY OF THE INVENTION 

10 These needs are met by the present invention, which is an encapsulated 

organic light emitting device (OLEO). The device includes a first barrier stack 

comprising at least one first barrier layer and at least one first polymer layer. 

There is an organic light emitting layer stack adjacent to the first barrier stack. A 

second barrier stack is adjacent to the organic light emitting layer stack. The 

15 second barrier stack has at least one second barrier layer and at least one 

second polymer layer. The device optionally includes at least one first 

intermediate barrier stack located between the substrate and the first barrier 

stack, and/or at least one. second intermediate barrier stack located between the 

organic light emitting layer stack and either the first or second barrier stacks. 

20 The first and second intermediate barrier stacks include at least one polymer 

layer and at least one barrier layer. 

Preferably, either one or both of the first and second barrier layers of the 

first and second barrier stacks is substantially transparent. At least one of the 

first and second barrier layers preferably comprises a material selected from 

25 metal oxides, metal nitrides, metal carbides, metal oxynitrides, and combinations 

thereof. The metal oxides are preferably selected from silica, alumina, titania, 

indium oxide, tin oxide, indium tin oxide, and combinations thereof, the metal 

nitrides are preferably selected from aluminum nitride, silicon nitride, and 

combinations thereof, the metal carbide is preferably silicon carbide, and the 

30 metal oxynitride is preferably silicon oxynitride. 

The encapsulated OLEO can also include a substrate adjacent to the first 

barrier stack on a side opposite to the organic light emitting layer stack. The 

-2-
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substrate can be either a flexible substrate or a rigid substrate. It is preferably a 

flexible substrate material, which can be polymers, metals, paper, fabric, and 

combinations thereof. The rigid substrate is preferably glass, metal, or silicon. If 

a rigid substrate is used, it can be removed prior to use if desired. 

5 The polymer layers of the first and second barrier stacks and the polymer 

layers in the first and second intermediate barrier stacks are preferably acrylate

containing polymers (as used herein, the term acrylate-containing polymer 

includes acrylate-containing polymers, methacrylate-containing polymers, and 

combinati<:?ns thereof). The polymer layers in the first and/or the second barrier 

10 stacks can be the same or different. 

The organic light emitting layer stack preferably comprises a first 

electrode, an electroluminescent layer, and a second electrode. The 

electroluminescent layer preferably includes a hole transporting layer, and an 

electron transporting layer, as is known in the art and shown in the patents 

15 whose disclosures have been specifically incorporated herein.· 

The invention also involves a method of making the encapsulated organic 

light emitting device. The method includes forming a first barrier stack 

comprising at least one first barrier layer and at least one first polymer layer, 

forming an organic light emitting layer stack, forming a second barrier stack 

20 comprising at least one second barrier layer and at least one second polymer 

layer, and combining the first barrier stack, the organic light emitting layer stack, 

and the second barrier stack to form the encapsulated organic light emitting · 

device. Intermediate barrier stacks can optionally be formed. The layers are 

preferably formed by vacuum deposition. 

25 Tbe organic light emitting layer stack can be combined with the first 

barrier stack and/or the second barrier stack by laminating them together. 

Alternatively, they can be combined simultaneously with forming by depositing 

one layer on the other. 

In an alternative embodiment, the invention involves an encapsulated 

30 organic light emitting device having a substrate, an organic light emitting layer 

stack adjacent to the substrate, and a barrier stack comprising at least one 

barrier layer and at least one polymer layer, the barrier stack adjacent to the 

- 3. 
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organic light emitting layer stack. The invention also involves methods of making 

the encapsulated organic light emitting device. One method includes providing 

a substrate having an organic light emitting layer stack thereon, and laminating a 

barrier stack comprising at least one barrier layer and at least one polymer layer 

5 over the organic light emitting layer stack to encapsulate the organic light 

emitting barrier layer stack. The barrier stack is preferably laminated (edge 

sealed) using an adhesive, .but other methods can be used including heat. 

Another method involves vacuum depositing the barrier stack on a 

substrate having an organic light emitting layer stack thereon. Still another 

10 method involves providing a substrate with an organic light emitting layer stack 

thereon, vacuum depositing at least one barrier layer on the organic light emitting 

layer stack, and depositing at least one first polymer layer on the at least one 

barrier layer. At least one second polymer layer can be deposited on the organic 

light emitting layer stack before the barrier layer is deposited. 

15 Accordingly, it is an object of the present invention to provide an 

encapsulated OLED, and to provide a method of making such a device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a cross-section of one embodiment of the encapsulated OLED of 

the present invention. 

Fig. 2 is a cross-section of an alternate embodiment of the encapsulated 

OLED of the present invention. 

Fig. 3 is a cross-section of an embodiment of an encapsulated OLED of 

25 the present invention. 

DESCRIPTION OF THE INVENTION 

One embodiment of the present invention is an encapsulated OLED 100 

30 as shown in Fig. 1. The encapsulated OLED 100 includes substrate 105, a first 

barrier stack 110, an organic light emitting layer stack 120, and a second barrier 

stack 130. The first barrier stack 11 O has a first barrier layer 140 and two 

- 4 -
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polymer layers 150, 160. The second encapsulation layer 130 includes a second 

barrier layer 170 and two polymer layers 180, 190. 

Although the Figures show barrier stacks with a single polymer layer on 

both sides of a single barrier layer, the barrier stacks can have one or more 

5 polymer layers and one or more barrier layers. There could be one polymer 

layer and one barrier layer, there could be multiple polymer layers on one side of 

one or more barrier layers, or there could be one or more polymer layers on both 

sides of one or more barrier layers. The important feature is that the barrier 

stack have at least one polymer layer and at least one barrier layer. 

10 The organic light emitting layer stack 120 includes a first electrode layer 

200, an electroluminescent layer 210, and a second electrode 220. The 

electroluminscent layer 210 can include a hole transport layer 230, and an 

electron transport layer 235. The exact form and composition of the organic light 

emitting layer stack is not critical. The organic light emitting layer stack includes 

15 first and second electrode layers on opposite sides of one or more active layers. 

The electrode layers are connected to a power source. At least one of the 

electrodes is transparent. The electroluminescent layer may be multiple layers 

as shown, or a single layer. The electroluminescent layer typically includes a 

hole injection layer, a hole transport layer, an electron transport layer, and an 

20 emissive layer, and combinations thereof. Additional layers may also be present, 

including dielectric layers. The organic light emitting layer stack can be made 

using known techniques, such as those described in U.S. Patent Nos. 5,629,389 

(Roitman et al.), 5,844,363 (Gu et al.), 5,872,355 (Hueschen), 5,902,688 

(Antoniadis et al.), and 5,948,552 (Antoniadis et al.), which have been 

25 incorporated herein by reference. 

The present invention is compatible with organic light emitting layer stacks 

made with light emitting polymers and small molecules. 

In the alternate embodiment shown in Fig. 2, the encapsulated OLEO 300 

also includes a first intermediate barrier stack 240 and a second intermediate 

30 barrier stack 270. The first intermediate barrier stack is located between the 

substrate 105 and the first barrier stack 110, and it includes a polymer layt:;!r 250 

and a barrier layer 260. The second intermediate barrier stack 270 includes a 

- 5 -
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polymer layer 280 and a barrier layer 290. The second intermediate barrier 

stack 270 is located between the organic light emitting layer stack 120 and the 

second barrier stack 130. Alternatively, the second intermediate layer could be 

located between the first barrier layer and the organic light emitting layer stack. 

s In addition, there could be multiple first intermediate barrier stacks on top of one 

another to provide enhanced barrier protection. Similarly, there could be multiple 

second intermediate barrier stacks on top of one another. The order of the 

barrier and polymer layers in the intermediate barrier stacks is not critical. It 

depends on where the intermediate barrier stack is located and what layers are 

10 next to them. 

The encapsulated OLEO can be made by forming the first barrier stack 

110, the organic light emitting layer stack 120, and the second barrier stack 130. 

The stacks are combined to form the encapsulated OLEO. 

Preferably, the stacks are combined by forming them us.ing vacuum .. 

IS deposition. In this method, one layer is vacuum deposited on the previous layer, 

thereby combining the layers simultaneously with forming them. Alternatively, 

the organic light emitting layer stack can be combined with the first and second 

barrier stacks by laminating it between the first and second barrier stacks and 

sealing it along the edges with adhesive, glue, or the like, or by heating. The first 

20 and second barrier stacks include at least one barrier layer and at least one 

polymer layer. If a polymer/barrier/polymer structure is desired, it can be 

preferably formed as follows. These barrier stacks can be formed by depositing 

a layer of polymer, for example an acrylate-containing polymer, onto a substrate 

or previous layer. Preferably, an acrylate-containing monomer, oligomer or resin 

2s (as used herein, the term acrylate-containing monomer, oligomer, or resin 

includes acrylate-containing monomers, oligomers, and resins, methacrylate

containing monomers, oligomers, and resins, and combinations thereof) is 

deposited and then polymerized in situ to form the polymer layer. The acrylate

containing polymer layer is then coated with a barrier layer. Another polymer 

30 layer is deposited onto the barrier layer. U.S. Patent Nos. 5,440,446 and 

5,725,909, which are incorporated herein by reference, describe methods of 

depositing thin film, barrier stacks. 
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The barrier stacks are preferably vacuum deposited. Vacuum deposition 

includes flash evaporation of acrylate-containing monomer, oligomer, or resin 

with in situ polymerization under vacuum, plasma deposition and polymerization 

of acrylate-containing monomers, oligomer, or resin, as well as vacuum 

s deposition of the barrier layers by sputtering, chemical vapor deposition, plasma 

enhanced chemical vapor deposition, evaporation, sublimation, electron 

cyclotron resonance-plasma enhanced vapor deposition (ECR-PECVO), and 

combinations thereof. 

It is critical to protect the integrity of the barrier layer to avoid the formation 

10 of defects and/or microcracks in the deposited layer. The encapsulated OLEO is 

preferably manufactured so that the barrier layers are not directly contacted by 

any equipment, such as rollers in a web coating system, to avoid defects that 

may be caused by abrasion over a roll or roller. This can be accomplished by 

designing the deposition system such that a set of layers of 

1 s polymer/barrier/polymer are deposited prior to contacting or touching any 

handling equipment. 

The substrate can be flexible or rigid. The flexible substrate may be any 

flexible material, including, but not limited to, polymers, for example polyethlyene 

terephthalate (PET), polyethylene naphthalate (PEN), or high temperature 

20 polymers such as polyether sulfone (PES), polyimides, or Transphan™ (a high 

Tg cyclic olefin polymer available from Lofo High Tech Film, GMBH of Weil am 

Rhein, Germany), metal, paper, fabric, and combinations thereof. The rigid 

substrate is preferably glass, metal, or silicon. If a flexible, encapsulated OLEO 

is desired and a rigid substrate was used during manufacture, the rigid substrate 

25 is preferably removed prior to use. 

The polymer layers of the first and second barrier stacks and the polymer 

layers of the first and second intermediate barrier stacks are preferably acrylate

containing monomer, oligomer or resin, and combinations thereof. The polymer 

layers of the first and second barrier stacks and first and second intermediate 

30 stacks can be the same or they can be different. In addition, the polymer layers 

within the each barrier stack can be the same or different. 

-7-
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The barrier layers in the barrier stacks and the intermediate barrier stacks 

may be any barrier material. The barrier materials in the first and second barrier 

stacks and first and second intermediate barrier stacks can be the same or 

different. In addition, multiple layers of the same or different barrier layers can 

s be used in a stack. Preferred transparent barrier materials include, but are not 

limited to, metal oxides, metal nitrides, metal carbides, metal oxynitrides, and 

combinations thereof. The metal oxides are preferably selected from silica, 

alumina, titania, indium oxide, tin oxide, indium tin oxide, and combinations 

thereof, the metal nitrides are preferably selected from aluminum nitride, silicon 

10 nitride, and combinations thereof, the metal carbide is preferably silicon carbide, 

and the metal oxynitride is preferably silicon oxynitride. 

Since only one side of the device must be transparent, only one of the 

barrier layers must be transparent. In this situation, the barrier layer on the 

opposite side could be an opaque barrier material, including, but not limited to, 

· 15 metal, ceramic or polymer. 

An alternate encapsulated OLED is shown in Fig. 3. The encapsulated 

OLED 400 has a substrate 105 on which is fabricated an organic light emitting 

layer stack 120. A barrier stack 130 is deposited conformally over the organic 

light emitting layer stack 120, encapsulating it. The polymer layers in the barrier 

20 stack can be deposited in vacuum or by using atmospheric processes such as 

spin coating and/or spraying. A preferred method of forming the barrier stack is 

flash evaporating acrylate-containing monomers, oligomers or resins, 

condensing on the OLEO layer stack, and polymerizing in-situ in a vacuum 

chamber. The barrier layer is then deposited on the polymer layer using 

25 conventional vacuum processes such as evaporation, sputtering, CVD, PECVD 

or ECR-PECVD. A second polymer layer is then deposited on the barrier layer 

using the process described above. 

Alternatively, the OLED device could also be encapsulated by laminating 

a lid structure, containing the barrier stack, to the substrate over the organic light 

30 emitting layer structure. The lamination can be performed using either adhesive, 

or glue, or the like, or by heating. The encapsulated OLED could' also include an 

-8-
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intermediate barrier stack 270 as shown. If the substrate is transparent, then the 

barrier material could be opaque, or vice versa, as discussed above. 

A single pass, roll-to-roll, vacuum deposition of a three layer combination 

on a PET substrate, i.e., PET substrate/polymer layer/barrier layer/polymer layer, 

5 can be more than five orders of magnitude less permeable to oxygen and water 

vapor than a single oxide layer on PET alone. See J.D.Affinito, M.E.Gross, 

C.A.Coronado, G.L.Graff, EN.Greenwell, and P.M.Martin, Polymer-Oxide 

Transparent Barrier Layers Produced Using PML Process, 39th Annual Technical 

Conference Proceedings of the Society of Vacuum Coaters, Vacuum Web 

10 Coating Session, 1996, pages 392-397; J.D.Affinito, S.Eufinger, M.E.Gross, 

G.L.Graff, and P.M.Martin, PML/Oxide/PML Barrier Layer Performance 

Differences Arising From Use of UV or Electron Beam Polymerization of the PML 

Layers, Thin Solid Films, Vol.308, 1997, pages 19-25. This is in spite of the fact 

that the effect on the permeation rate of the polymer multilayers (PML) layers 

15 alone, without the barrier layer (oxide, metal, nitride, oxynitride) layer, is barely 

measurable. It is believed that the improvement in barrier properties is due to 

two factors. First, permeation rates in the roll-to-roll coated oxide-only layers 

were found to be conductance limited by defects in the oxide layer that arose 

during deposition and when the coated substrate was wound up over system 

20 idlers/rollers. Asperities (high points) in the underlying substrate are replicated in 

the deposited inorganic barrier layer. These features are subject to mechanical 

damage during web handling/take-up, and can lead to the formation of defects in 

the deposited film. These defects seriously limit the ultimate barrier performance 

of the films. In the single pass, polymer/barrier/polymer process, the first acrylic 

25 layer planarizes the substrate and provides an ideal surface for subsequent 

deposition of the inorganic barrier thin film. The second polymer layer provides a 

robust "protective" film that minimizes damage to the barrier layer and also 

planarizes the structure for subsequent barrier layer (or organic light emitting 

layer stack) deposition. The intermediate polymer layers also decouple defects 

30 that exist in adjacent inorganic barrier layers, thus creating a tortuous path for 

gas diffusion. The permeability of the barrier stacks used in the present 

invention is shown below. 

-9-
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Table 1 

Sample Oxygen Permeation Rate Water vapor Permeation 
(cclm2/day) (g/m2/day)+ 

23°C* 38°C' 38°C 
I -barrier stack <0.005 <0.005 0.46 
2- barier stacks <0.005 <0.005 <0.005 
5-barrier stacks <0.005 <0.005 <0.005 

* 38°C, 90% RH, 100% 0 2 

5 + 38°C, 100% RH 

NOTE: Permeation rates of <0.005 are below the detection limits of current 
instrumentation (Mocon OxTran 2/20L). 

10 As can be seen from the data in Table 1, the barrier stacks used in the present 

invention provide exceptional environmental protection, which was previously 

unavailable with polymers. 

We have also compared the performan~e of OLEO devices (fabricated on 

glass and silicon) before and after encapsulation using the barrier stacks of the 

15 present invention. After encapsulation, the current density-versus-voltage and 

brightness-versus-current density characteristics were identical (within 

experimental error) to the measured behavior of the pristine (unencapsulated) 

devices. This shows that the barrier stacks and deposition methods are 

compatible with OLEO device manufacturing. 

20 Thus, the present invention provides a barrier stack with the exceptional 

barrier properties necessary for hermetic sealing of an OLEO. It permits the 

production of an encapsulated OLEO. 

While certain representative embodiments and details have been shown 

for purposes of illustrating the invention, it will be apparent to those skilled in the 

25 art that various changes in the compositions and methods disclosed herein may 

be made without departing from the scope of the invention, which is defined in 

the appended claims. 

- IO -
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What is claimed is: 

1. An encapsulated organic light emitting device comprising: 

5 a first barrier stack comprising at least one first barrier layer and at least 

one first polymer layer; 

an organic light emitting layer stack adjacent to the first barrier stack; and 

a second barrier stack comprising at least one second barrier layer and at 

least one second polymer layer, the second barrier stack adjacent to the organic 

1 o light emitting layer stack. 

15 

20 

2. The encapsulated organic light emitting device of claim 1 further 

comprising a substrate adjacent to the first barrier stack on a side opposite to the 

organic light emitting layer stack. 

3. The encapsulated organic fight emitting device of claim 2 further 

comprising at least one first intermediate barrier stack located between the 

substrate and the first barrier stack, the first intermediate barrier stack 

comprising at least one third polymer layer and at least one third barrier layer. 

4. The encapsulated organic light emitting device of claim 1 further 

comprising at least one second intermediate barrier stack located between the 

organic light emitting layer stack and either the first or second barrier stacks, the 

second intermediate barrier stack comprising at least one fourth polymer layer 

25 and at least one fourth barrier layer. 

5. The encapsulated organic light emitting device of claim 1 wherein 

the at least one first barrier layer is substantially transparent. 

30 6. The encapsulated organic light emitting device of claim 1 wherein 

the at least one second barrier layer is substantially transparent. 

- 11 -
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7. The encapsulated organic light emitting device of claim 1 wherein 

at least one of the at least one first and second barrier layers comprise a material 

selected from metal oxides, metal nitrides; metal carbides, metal oxynitrides, and 

combinations thereof. 

8. The encapsulated organic light emitting device of claim 7 wherein 

the metal oxides are selected from silica, alumina, titania, indium oxide, tin oxide, 

indium tin oxide, and combinations thereof. 

9 . The encapsulated organic light emitting device of claim 7 wherein 

the metal nitrides are selected from aluminum nitride, silicon nitride, and 

combinations thereof. 

10. The encapsulated organic light emitting device of claim 1 wherein 

1s the at least one first barrier layer is substantially opaque. 

11. The encapsulated organic light emitting device of claim 1 wherein 

the at least one second barrier layer is substantially opaque. 

20 12. The encapsulated organic light emitting device of claim 1 wherein 

at least one of the at least one first and second barrier layers is selected from 

opaque metals, opaque polymers, and opaque ceramics. 

13. The encapsulated organic light emitting device of claim 2 wherein 

25 the substrate comprises a flexible substrate material. 

30 

14. The encapsulated organic light emitting device of claim 13 wherein 

the flexible substrate material is selected from polymers, metals, paper, fabric, 

and combinations thereof. 

15. The encapsulated organic light emitting device of claim 2 wherein 

the substrate comprises a rigid substrate material. 

- 12. 
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16. The encapsulated organic light emitting device of claim 15 wherein 

the rigid substrate material is selected from glass, metal, and silicon. 

17. The encapsulated organic light emitting device of claim 1 wherein 

5 at least one of the at least one first polymer layers comprises an acrylate

containing polymer. 

18. The encapsulated organic light emitting device of claim 1 wherein 

at least one of the at least one second polymer layers comprises an acrylate-

10 containing polymer. 

15 

19. The encapsulated organic light emitting device of claim 3 wherein 

at least one of the at least one third polymer layers comprises an acrylate

containing polymer. 

20. The encapsulated organic light emitting device of claim 4 wherein 

at least one of the at least one fourth polymer layers comprises an acrylate

containing polymer. 

20 21. The encapsulated organic light emitting device of claim 1 wherein 

the organic light emitting layer stack comprises a first electrode, an 

electroluminescent layer, and a second electrode. 

22. The encapsulated organic light emitting device of claim 21 wherein 

25 the electroluminescent layer comprises a hole transporting layer, and an electron 

transporting layer. 

23. A method of making an encapsulated organic light emitting device 

comprising: 

30 forming a first barrier stack comprising at least one first barrier layer and 

at least one first polymer layer; 

forming an organic light emitting layer stack; 
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forming a second barrier stack comprising at least one second barrier 

layer and at least one second polymer layer; and 

combining the first barrier stack, the organic light emitting layer stack 

adjacent to the first barrier stack, and the second barrier stack adjacent to the 

s organic light emitting layer stack to form the encapsulated organic light emitting 

device. 

10 

24. The method of claim 23 further comprising providing a substrate 

and forming the first barrier stack on the substrate. 

25. The method of claim 24 further comprising placing at least one first 

intermediate barrier stack comprising at least one third polymer layer and at least 

one third barrier layer between the substrate and the first barrier stack. 

15 26. The method of claim 23 further comprising placing atleast one 

second intermediate barrier stack comprising at least one fourth polymer layer 

and at least one fourth barrier layer between the organic light emitting layer stack 

and either the first or second barrier stacks. 

20 27. The method of claim 23 wherein the organic light emitting layer 

stack is combined with the first barrier stack by laminating the organic light 

emitting layer stack to the first barrier stack. 

28. The method of claim 23 wherein the organic light emitting layer 

25 stack is combined with the first barrier stack simultaneously with forming by 

depositing the organic light emitting layer stack on the first barrier stack. 

29. The method of claim 23 wherein the second barrier stack is 

combined with the organic light emitting layer stack by laminating the second 

30 barrier stack over the organic light emitting layer stack. 
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. 30. The method of claim 23 wherein the second barrier stack is 

combined with the organic light emitting layer stack simultaneously with forming 

by depositing the second barrier stack on the organic light emitting layer stack. 

31. The method of claim 24 wherein the substrate comprises a flexible 

material. 

32. The method of claim 24 wherein the substrate comprises a rigid 

material. 

33. The method of claim 24 wherein the substrate is removed from the 

encapsulated organic light emitting device. 

34. The method of claim 23 wherein the first barrier stack is formed by 

15 vacuum deposition. 

35. The method of claim 23 wherein the organic light emitting layer 

stack is formed by vacuum deposition. 

20 36. The method of claim 23 wherein the second barrier stack is formed 

25 

by vacuum deposition. 

37. The method of claim 23 wherein at least one of the at least one first 

and second barrier layers is substantially transparent. 

38. The method of claim 23 wherein at least one of the first and second 

barrier layers comprises a material selected from metal oxides, metal nitrides, 

metal carbides, metal oxynitrides, and combinations thereof. 

30 39. The method of claim 38 wherein the metal oxides are selected from 

silica, alumina, titania, indium oxide, tin oxide, indium tin oxide, and combinations 

thereof. 
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40. The method of claim 38 wherein the metal nitrides are selected 

from aluminum nitride, silicon nitride, and combinations thereof. 

41. The method of claim 23 wherein at least one of the at least one first 

s and second barrier layers is substantially opaque. 

10 

42. The method of claim 23 wherein at least one of the at least one first 

and second barrier layers is selected from opaque metals, opaque polymers, and 

opaque ceramics. 

43. The method of claim 31 wherein the flexible substrate material is 

selected from polymers, metals, paper, fabric, and combinations thereof. 

44. The method of claim 32 wherein the rigid substrate material is 

15 selected from glass, metal, and silicon. 

45. The method of claim 23 wherein at least one of the at least one first 

and second pairs of polymer layers comprises an acrylate-containing polymer. 

20 46. The method of claim 25 wherein the third polymer layer comprises 

25 

an acrylate-containing polymer. 

47. The method of claim 26 wherein the fourth polymer layer comprises 

an acrylate-containing polymer. 

48. An encapsulated organic light emitting device comprising: 

a first intermediate barrier stack comprising at least one polymer layer and 

at least one barrier layer ; 

a first barrier stack comprising at least one first barrier layer and at least 

30 one first polymer layer adjacent to the first intermediate barrier stack; 

an organic light emitting layer stack adjacent to the first barrier stack; 

- 16 -
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a second intermediate barrier stack comprising at least one polymer layer 

and at least one barrier layer, the second intermediate barrier stack adjacent to 

the organic light emitting layer stack; and 

a second barrier stack comprising at least one second barrier layer and at 

s least one second polymer layer, the second barrier stack adjacent to the second 

intermediate barrier stack. 

49. The encapsulated organic light emitting device of claim 48 further 

comprising a substrate adjacent to the first intermediate barrier stack on a side 

10 opposite to the first barrier stack. 

50. A method of making an encapsulated organic light emitting device 

comprising: 

forming a first intermediate barrier stack comprising at least one polymer 

1s layer and at least one barrier layer; 

forming a first barrier stack comprising at least one first barrier layer and 

at least one first polymer layer adjacent to the first intermediate barrier stack; 

forming an organic light emitting layer stack adjacent to the first barrier 

stack; 

20 forming a second intermediate barrier stack comprising at least one 

polymer layer and at least one barrier layer adjacent to the organic light emitting 

layer stack; and 

forming a second barrier stack comprising at least one second barrier 

layer and at least one second polymer layer adjacent to the second intermediate 

25 barrier stack; and 

combining the first intermediate barrier stack, the first barrier stack, the 

organic light emitting layer stack, the second intermediate barrier stack, and the 

second barrier stack to form the encapsulated organic light emitting device. 

30 51. The method of claim 50 wherein the first intermediate barrier stack 

is formed by vacuum deposition. 

• 17 -
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52. The method of claim 50 wherein the first barrier stack is formed by 

vacuum deposition. 

53. The method of claim 50 wherein the organic light emitting layer 

5 stack is formed by vacuum deposition. 

· 54. The method of claim 50 wherein the second intermediate barrier 

stack is formed by vacuum deposition. 

10 55. The method of claim 50 wherein the second barrier stack is formed 

by vacuum deposition. 

56. An encapsulated organic light emitting device comprising: 

a substrate; 

15 an organic light emitting layer stack adjacent to the substrate; 

a barrier stack comprising at least one barrier layer and at least one 

polymer layer, the barrier stack adjacent to the organic light emitting layer stack. 

57. The encapsulated organic light emitting device of claim 56 further 

20 comprising an intermediate barrier stack located between the organic light 

emitting layer stack and the barrier stack, the intermediate barrier stack 

comprising at least one polymer layer and at least one barrier layer.. 

58. The encapsulated organic light emitting device of claim 56 wherein 

25 the at least one barrier stack is substantially transparent. 

30 

59. The encapsulated organic light emitting device of claim 56 wherein 

the at least one barrier layer comprises a material selected from metal oxides, 

metal nitrides, metal carbides, metal oxynitrides, and combinations thereof. 

- 18. 
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60. The encapsulated organic light emitting device of claim 59 wherein 

the metal oxides are selected from silica, alumina, titania, indium oxide, tin oxide, 

indium tin oxide, and combinations thereof. 

s 61. The encapsulated organic light emitting device of claim 59 wherein 

the metal nitrides are selected from aluminum nitride, silicon nitride, and 

combinations thereof. 

62. The encapsulated organic light emitting device of claim 56 wherein 

10 the at least one barrier layer is substantially opaque. 

15 

63. The encapsulated organic light emitting device of claim 56 wherein 

the at least one barrier layer is selected from opaque metals, opaque polymers, 

and opaque ceramics. 

64. The encapsulated organic light emitting device of claim 56 wherein 

at least one of the at least one polymer layers comprises an acrylate-containing 

polymer. 

20 65. The encapsulated organic light emitting device of claim 56 wherein 

the substrate comprises a rigid substrate material. 

66. The encapsulated organic light emitting device of claim 65 wherein 

the rigid substrate material is selected from glass, metal, and silicon. 

25 

67. The encapsulated organic light emitting device of claim 56 wherein 

the substrate comprises a flexible substrate material. 

68. The encapsulated organic light emitting device of claim 67 wherein 

30 the flexible substrate material is selected from polymers, metals, paper, fabric, 

and combinations thereof. 
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69. A method of making an encapsulated organic light emitting device 

comprising: 

providing a substrate having an organic light emitting layer stack 

thereon; and 

5 vacuum depositing a barrier stack comprising at least one barrier 

layer and at least one polymer layer over the organic light emitting 

layer stack to encapsulate the organic light emitting layer stack. 

70. The method of claim 69 further comprising depositing an 

10 intermediate barrier layer stack comprising at least one polymer layer and at 

least one barrier layer on the organic light emitting layer stack prior to vacuum 

depositing the barrier stack. 

71. A method of making an encapsulated organic light emitting device 

15 comprising: 

20 

providing a substrate having an organic light emitting layer stack 

thereon; 

vacuum depositing at least one barrier layer over theorganic light 

emitting layer stack; 

depositing at least one first polymer layer over the at least one 

barrier layer. 

72. The method of claim 71 further comprising depositing at least one 

second polymer layer over the organic light emitting layer stack prior to vacuum 

25 depositing the at least one barrier layer. 

73. The method of claim 71 further comprising depositing an 

intermediate barrier layer stack comprising at least one polymer layer and at 

least one barrier layer on the organic light emitting layer stack prior to depositing 

30 the at least one barrier layer. 

- 20-
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74. The method of claim 71 wherein at least one of the at least one first 

·polymer layers is deposited using a process at atmospheric pressure. 

75. The method of claim 74 wherein the process at atmospheric 

5 pressure is selected from spin coating and spraying. 

76. The process of 71 wherein at least one of the at least one first 

polymer layers is deposited using a vacuum process. 

1 o 77. The method of claim 72 wherein at least one of the at least one 

15 

20 

second polymer layers is deposited using a process at atmospheric pressure. 

78. A method of making an encapsulated organic light emitting device 

comprising: 

providing a substrate having an organic light emitting layer stack 

thereon; and 

laminating a barrier stack comprising at least one barrier layer and 

at least one polymer layer over the organic light emitting layer stack 

to encapsulate the organic light emitting layer stack. 

79. The method of claim 78 wherein the barrier stack is laminated 

using an adhesive. 

80. The method of claim 78 wherein the barrier stack is laminated 

25 using heat. 
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PLANAR OPTICAL DEVICES AND METHODS FOR THEIR MANUFACTURE 

5 RELATED APPLICATIONS 

This application claims benefit of Atty. Dkt. No. M-7637-lP US (USSN NOT YET 

KNOWN), filed 10 July 2001, which is a continuation-in-part of U.S. Serial No.: 

09/633,307, filed 7 August 2000, both of which are incorporated herein by reference. 

10 FIELD OF THE INVENTION 

This invention relates generally to planar optical devices and materials and methods 

used in their manufacture, and, in particular; to optical components such as waveguides 

and amplifiers, and physical vapor deposition methods for their manufacture. 

15 BACKGROUND 

The increasing prevalence of fiber optic communications systems has created an 

unprecedented demand for devices for processing optical signals. Planar devices such as 

optical waveguides, couplers, splitters, and amplifiers, fabricated on planar substrates, like 

those commonly used for integrated circuits, and configured to receive and process signals 

20 from optical fibers are highly desirable. Such devices hold promise for integrated optical 

and electronic signal processing on a single semiconductor-like substrate. 

The basic design of planar optical waveguides and amplifiers is well known, as 

described, for example in U.S. Patent Nos. 5,119,460 to Bruce et al. 5,613,995 to 

Bhandarkar et al., (hereafter '995), 5,900,057 to Buchal et al., and 5,107,538. to Benton et 

25 al, to cite only a few. The devices consist, very generally, of a core region, typically bar 

shaped, of a certain refractive index surrounded by a cladding region of a lower refractive 

index. In the case of an optical amplifier, the core region contains a certain concentration 

of a dopant, t)'pically a rare earth ion such as an erbium or praseodymium ion which; when 

pumped by a laser, fluoresces, for example, in the 1550 nm and 1300 nm wavelength 

30 range, respectively, used for optical communication, amp1ifying the optical signal passing 

through the core. 

The performance of these planar optical devices depends sensitively on the value 

and unifonnity of the refractive index of the core region and of the cladding region, and 

particularly on the difference in refractive index, &l, between the regions. Particularly for 

-1-
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passive devices such as waveguides, couplers, and splitters, &i needs to be sensitively 

controlled at values less than 1 % and the refractive index of both core and cladding need 

to be highly uniform, for some applications at the fewer than parts per thousand level. Jn 

the case of doped materials forming the core region of planar optical amplifiers, it is 

5 important that the dopant be uniformly distributed so as to avoid non-radiative quenching 

or radiative quenching, for example by upconversion. The refractive index and other 

desirable properties of the core and cladding regions, such as physical and chemical 

uniformity, low stress, and high density, depend, of course, on the choice of materials for 

the devices and on the processes by which they are fabricated. 

10 Because of their optical properties, silica and refractory oxides such as Ah03, are 

good candidate materials for planar optical devices. Further, these oxides serve as suitable 

hosts for rare earth dopa.nts used in optical amplifiers. A conunon material choice is so

called low temperature glasses, doped with alkali metals , boron, or phosphorous have the 

advantage of requiring lower processing temperatures. In addition, dopants are used to 

15 modify refractive index. Methods such as flame hydrolysis, ion exchange for introducing 

alkali ions in glasses, sputtering, and various chemical vapor deposition processes (CVD) 

have been used to form films of doped glasses. However, dopants, such as phosphorous 

and boron a.re hygroscopic, and alkalis are undesirable for integration with electronic 

devices. Control of uniformity of doping in CVD processes can be difficult and CVD 

20 deposited films can have structural defects leading to scattering losses when used to guide 

light. In addition, doped low temperature glasses may require further processing after 

deposition. A method for eliminating bubbles in thin films of sodium-boro-silicate glass 

by high temperature sintering is described, for exaniple, in the '995 patent to Bhandarkar et 

al. 

25 In the case of pure Si Ci, the most uniform optical material presently lmown is by 

atmospheric pressure thermal oxide (APOX). The APOX process can provide a 13 µm 

thick silica film having a precise refractive index of 1.4584, at 1550 nm, with a 1 cr 

variance in the refractive index across a 150 mm wafer of 3xl0"5
• However, the APOX 

process does not provide a method of making films \vith different indices of refraction. It 

30 is, therefore, not suitable for fonning a waveguide core film with a desired refractive index 

(n). 

Thus, there remains a need for a process to provide optical materials with a 

specified and uniform index of refraction for planar optical devices. It would be desirable 

-2-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 345 of 1543



WO 02/12932 PCT/USOl/22750 

if the material additionally exhibits high optical transparency, low stress, and high density 

and is free of structural defects. 

SUMMARY 

5 A physical vapor deposition process provides optical materials with controlled and 

uniform refractive index that meet the requirements for active and passive planar optical 

devices. According to a first aspect of the present invention, radio frequency (RF) 

sputtering of a wide area target in the presence of a sputtering gas under a condition of 

uniform target erosion is used to deposit physically and chemically uniform material on a 

10 substrate. The substrate is positioned opposite a planar target of the material to be 

deposited, the area of the target being larger than the area of the substrate. A central area 

of the target of the same size as the substrate and overlying the substrate is exposed to a 

uniform plasma condition, which provides a condition of uniform target erosion. A 

uniform plasma condition can be created without magnetic enhancement, termed diode 

15 sputtering, or by providing a time-averaged uniform magnetic field by scanning a magnet 

across the target in a plane parallel to the plane of the target 

According to an aspect of the present invention, a film deposited on the substrate 
-

using a wide area target and uniform target erosion is of uniform thickness for targets with 

an area at least 1.5 times the area of the substrate. In addition, film deposited on a 

20 substrate positioned opposite a central region of the target inside the region providing film 

thickness uniformity exhibits physical and chemical uniformity useful for fabricating 

optical devices. The region providing chemical unifonnity can be coextensive with the 

region providing thickness uniformity. 

According to another aspect of the present invention, a dual frequency RF 

25 sputtering process is used in which the high :frequency RF power applied to the target is 

augmented by applying low frequency RF power to the target, resulting in densification of 

the deposited film and better coverage of features when deposited over underlying layers. 

Further, the dual frequency RF process can be used to tune the refractive index of the 

deposited film. Keeping the total RF power the same, the refractive index tends to increase 

30 with the ratio of low frequency to high frequency RF power. 

Jn yet another method, RF power is applied to the substrate resulting in substrate 

bias. Substrate bias is used with single frequency or with dual frequency RF sputtering to 

provide improved density and morphology of deposited films and to complete coverage 

and filling of features on underlying layers. Furthermore, substrate bias contributes to 
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unifonnity of refractive index. Films deposited by diode sputtering including application 

of substrate bias demonstrate exceptional refractive index uniformity and low average 

surface roughness. 

According to another aspect of the present invention, the refractive index of the 

5 material deposited using an RF sputtering process can be deliberately tuned by modifying 

other plasma processing conditions. First, raising the deposition temperature increases the 

refractive index of the resulting material. Second, increasing the RF power applied to the 

target increases the refractive index of the deposited material. Third, a reactive process gas 

can be added to the sputtering chamber which effectively modifies the chemical 

10 composition of the deposited material with a corresponding change in refractive index. 

Additionally, the refractive index of deposited material can be modified by using a target 

material in a specific oxidation state. The RF sputtering method is applicable to depositing 

pure materials and mixed materials including materials containing rare earth dopants for 

optical amplifier applications. Thus, wide area RF sputtering can be used together with the 

15 present refractive index control methods to provide core and cladding materials with a 

desired difference in refractive index for planar optical waveguides and optical amplifiers. 

The present RF sputtering methods for material deposition and refractive index 

control are combined with processes commonly used in semiconductor fabrication to 

produce planar optical devices. A surface ridge optical device is produced by using RF 

20 sputtering to deposit a stack comprising an upper cladding layer, a middle core layer, and a 

lower cladding layer on a substrate. A ridge is etched into the upper cladding layer and 

partway through the thickness of the core layer to produce the surface ridge device. A 

buried ridge device is produced by etching a ridge into a layer of core material overlying a 

cladding layer. A top layer of cladding material is deposited over the core ridge by RF 

25 sputtering with substrate bias. Use of substrate bias enables the cladding layer to 

completely cover lhe exposed ridge without defects. Further, the deposition methods 

described here are used to fabricate a buried trench device in which RF sputtering with 

substrate bias completely fills a trench in a layer of cladding material with core material. 

Finally, a method for forming composite wide area targets from multiple tiles is 

30 provided. The method inclUdes positioning the tiles on a backing plate in a noncontact 

array. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 a is a schematic drawing of a physical vapor deposition apparatus in which 

wide area target RF sputtering, according to embodiments of the present invention, is 

performed. FIG. lb is an expanded view of a portion of the apparatus ofFIG. la. 

5 FIG. 2 is a top down view of the wide area target, scanning magnet, and carrier 

sheet of the apparatus of FIG. 1. 

FIG. 3 is a detail view of a composite target according to an embodiment of the 

present invention. 

FIGS. 4a and 4b are cross section views illustrating a process of fabricating a 

10 surface ridge planar optical device, in which processes according to embodiments of the 

present invention, are used. 

FIGS. 5a..: Se are cross section views illustrating a process offabricating a buried 

ridge planar optical device, in which processes according to embodiments of the present 

invention, are used. 

15 FIGS. 6a - 6f are cross section views illustrating the process of fabricating a buried 

trench planar optical device, in which processes according to embodiments of the present 

invention, are used. 

FIG. 7 is a scanning electron micrograph (SEM) of a layer deposited over a 

substrate patterned with trenches by a RF sputtering process including substrate bias, 

20 according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

A physical vapor deposition process provides optical materials with controlled and 

uniform refractive index that meet the requirements for active and passive planar optical 

devices. The process uses radio frequency (RF) sputtering with a wide area target and a 

25 condition of.uniform target erosion and includes multiple approaches for controlling 

refractive index. 

An apparatus 10 for RF sputtering of controlled refractive index material for planar 

optical devices is illustrated schematically in FIG. la. The apparatus includes a wide area 

sputter source target 12 which provides material to be deposited on substrate 16. Substrate 

30 16 is positioned parallel to and opposite target 12. Target 12 functions as a cathode when 

RF power is applied to it and is equivalently termed the cathode. Target 12 is a uniform 

source of material having a unifonn index of refraction. Target 12 is typi~ally composed 

of pure materials such as quartz, alumina, or sapphire, (the crystalline form of alumina), or 

mixtures of compounds of optically useful materials. Optically useful materials include 
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oxides, fluorides, sulfides, nitrides, phosphates, sulfates, and carbonates, as well as other 

wide band gap semiconductor materials. To achieve uniform deposition, target 12, itself is 

chemically uniform, flat, and of uniform thickness over an extended area. In practice, 

target 12 is a composite target fabricated from individual tiles, precisely bonded together 

5 on a backing plate with minimal separation. A method of making chemically uniform tiles 

of mixed materials and attaching them to a backing plate 25, forming target 12, comprises 

another aspect of the present invention that is described in detail below. The complete 

target assembly also includes structures for cooling the target as described in U. S. Patent 

No. 5,565,071 to Demaray et al, and incorporated herein by reference. 

10 For fabricating planar optical devices, substrate 16 is a solid, smooth surface. 

Typically, substrate 16 is a silicon wafer or a silicon wafer coated with a layer of silicon 

oxide fonned by a chemical vapor deposition process or by a thennal oxidation process. 

Alternatively, substrate 16 is a glass, such as Corning 1737 (Corning Inc., Elmira, NY), a 

glass-like material, quartz, a metal a metal oxide, or a plastic material. Substrate 16 

15. typically is supported on a holder or carrier sheet 17 that may be larger than substrate 16. 

An essential feature of the present method is that the area of wide area target 12 is 

greater than the area on the carrier sheet on which physically and chemically uniform 

deposition is accomplished. Secondly, it is also essential that a central region on target 12, 

overlying the substrate 16, be provided with a very uniform condition of sputter erosion of 

20 the target material. Uniform target erosion is a consequence of a uniform plasma 

condition. In the following discussion, all mention of uniform condition of target erosion 

is taken to be equivalent to unifonn plasma condition. Uniform target erosion is evidenced 

by the persistence of :film uniformity throughout an extended target life. A uniforin 

deposited film is defined as a film having a nonuniformity in thickness, when measured at 

25 representative points on the entire surface of a substrate wafer, ofless than about 5 %. 

Thickness nonuniformity is defined, by convention, as the difference between the 

minimum and maximum thickness divided by twice the average thickness. If films 

deposited from a target from which mote than about 20 % of the weight of the target has 

been removed continue to exhibit thickness uniformity, then the sputtering process is 

30 judged to be in a ·condition of uniform target erosion for all films deposited dttrirtg the 

target life. 

Thus, it is essential that a uniform plasma condition be created in the region 

between the target and the substrate overlying the substrate. The region of uniform plasma 

condition is indicated in the exploded view of FIG. 1 b. A plasma is created in the region 
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denoted 51, which extends under the entire target 12. The central region of the target 52, 

experiences the condition of uniform sputter erosion. As discussed further below, a layer 

deposited on a substrate placed anywhere below central region 52 will have uniform film 

thickness. 

5 In addition, the region in which deposition provides uniform film thickness is larger 

than the area in which deposition provides a film with uniform physical or optical 

properties such as chemical composition or index of refraction. In the present invention it 

is essential that the target be planar or approximately planar for the formation of a film on 

a planar substrate which is to be coated with the material of the target. In practice, 

10 planarity of the target means that all portions of the target surface in region 52 are within a 

few millimeters of a planar surface, typically within 0.5 mm. 

Multiple approaches to providing a uniform condition of sputter erosion of the 

target material can be used. A first approach is to sputter without magnetic enhancement. 

Such operation is referred to as diode sputtering. Using a large area target with a diode 

15 sputtering process, a dielectric material can be deposited so as to provide suitably uniform 

film thickness over a central portion of an adjacent substrate area. Within that area, an area 

of highly uniform film may be formed with suitable optical uniformity. The rate of 

formation of films of many microns of thickness by diode sputtering can be slow for small 

targets. However, in the present method, using large targets, a disadvantage in speed of 

20 diode sputtering can be compensated by batch processing in which multiple substrates are 

processed at once. 

Other approaches to providing a uniform condition of sputter erosion rely on 

creating a large uniform magnetic field or a scanning magnetic field that produces a time

averaged, uniform magnetic field. For example, rotating magnets or electromagnets can be 

25 utilized to provide wide areas of substantially uniform target erosion. For magnetically 

enhanced sputter deposition, a scanning magnet magnetron source is used to provide a 

uniform, wide area condition of target erosion. Diode sputtering is known to provide 

uniform films; the magnetron sputtering process described here provides diode-sputtering

like uniformity in a magnetically enhanced sputterin& process. 

30 As illustrated in FIG. la, apparatus 10 also inCludes a scanning magnet magnetron 

source 20 positioned above target 12. A scanning magnetron source used for de sputtering 

of metallic films is described in U.S. Patent No. 5,855,744 to Halsey, et. al., (hereafter 

'744), which is incorporated herein by reference, and in references therein. The '744 

patent demonstrates the improvement in thickness uniformity that is achieved by reducing 
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local target erosion due to magnetic effects in the sputtering of a wide area rectangular 

target. By reducing the magnetic field intensity at these positions, the local target erosion 

was decreased and the resulting film thickness nonunifonnity was improved from 8%, to 

4%, over a rectangular substrate of 400 x 500 mm. 

5 A top down view of magnet 20 and wide area target 12 is shown in FIG. 2. A film 

deposited on a substrate positioned on carrier sheet 17 directly opposed to the region of the 

target indicated by reference numeral 22 has good thickness unifonnity. Area 22 is the 

same size as region 52 of the target, FIG. lb, that is exposed. to a uniform plasma 

condition. In some implementations, carrier 17 is coextensive with region 22. Reference 

10 24 indicates the area below which both physically and chemically uniform deposition is 

achieved, where physical and chemical unifonnity provide refractive index uniformity. 

FIG. 2 indicates that the region 22 of the target providing thickness uniformity is, in 

general, larger than the region 24 of the target providing thickness and chemical 

uniformity. Jn optimized processes, however, regions 22 and 24 may be coextensive. 

15 Magnet 20 extends beyond area 22 in one direction, the Y direction in FIG. 2, so 

that scanning is necessary in only one direction, the X direction, to provide a time averaged 

uniform magnetic field. As shown in FIGS. la and lb, magnet 20 is scanned over the 

entire extent of target 12 which is larger than the region 52 of uniform sputter erosion. 

Magnet 20 is moved in a plane parallel to the plane of the target. 

20 Using a wide area target and a scanning magnet to RF sputter a planar silica target 

12 of dimension 550 x 650 mm, a film with thickness nonuniformity of± 5% has been 

obtained on a substrate placed opposite a region of the target of dimension 300 x 400 mm. 

The thickness nonuniformity of a 300 mm diameter circular substrate at the center of this 

region can be less than ±3%. Refractive index nonunifonnity at the 150 mm center of the 

25 region of less th.an one part in a thousand has been obtained. The results reported here 

have been obtained, however, without extensive optimization. Those skilled in the art will 

recognize that by changing details of the scanning of the magnet, such as the tilt and dwell 

of the magnet, as described, for example, in '744, further optimization can be achieved. A 

useful general criterion for the present method of RF sputter deposition, therefore, is that 

30 the wide area target be at least 1.5 times the area of the region on the carrier sheet on 

which physically uniform deposition is obtained. Since the carrier sheet can accommodate 

a single large substrate or multiple smaller substrates, the criterion can be expressed as the 

requirement that the area of the target be at least 1.5 times the area of the substrate. 
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Alternative sputter source designs might be expected to provide a film on a 150 

mm wafer with a thickness nonuniformity less than 5%. The results reported ·for sample C 

in Example 1 below, demonstrate 4.4% thickness nonunifonnity, which corresponds to 

slightly more than 1.5 % 1 sigma variance. As sample C shows, the nonuniformity of the 

5 index of refraction is .067%, or less than 1 part in a thousand. What is not obvious is that a 

fihn with more than 1.5 % 1 sigma thickness variance should have a uniformity of index of 

refraction more than an order of magnitude better. According to one aspect of the present 

invention, the uniform index ofrefraction is due to the attributes of the wide area, unifonn 

region of target erosion. 

10 The present method using a wide area target with unifonn sputter erosion offers 

significant advantages over previous deposition approaches. It is possible to fonn a film 

with unifonn thickness using a target that is smaller in plane area than the substrate. One 

way to do so is to move the substrate with respect to the source or cathode in such a 

fashion that the film formed is uniform in thickness. However, such a film will not have 

15 been fonned under uniform process conditions, such as plasma density, the rate and angle 

of arrival of the vapor at the substrate, etc. Thus such films will not be uniform in physical 

properties such as density, refractive index, or resistivity, resulting in nonuniform optical 

and electrical performance. 

It is also well known that it is possible to form a film of uniform thickness from a 

20 nonuniform sputter source, say a sputter target with a stationary sputter groove having 

substantial and increasingly nonuniform erosion through the useful portion of the target 

life. Such an approach is described, for example, in U.S. Patent No. 5,252,194 to Demaray 

et al. Similarly, such a nonuniform source of material will not form a film having uniform 

electrical or optical properties. The example of the ring or cone shaped sputter source 

25 illustrates one effect. The anisotropy of the angle of arrival alone can have a substantial 
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uniform film thickness. In addition, the region of uniform film thickness is greater than or 

equal to the region of the film which is to have highly uniform optical properties such as 

index of refraction, density, transmission or absorptivity. 

Returning to FIG. la, apparatus 10 includes RF generator 14 for applying RF 

5 power to target 12 to generate a plasma in a background gas. RF generator 14 is a high 

frequency source, conventionally operated at 13.56 MHz. Typical process conditions for 

RF sputter deposition include applying high frequency RF power in the range of about 500 

to 5000 watts. An inert gas, typically, argon, is used as the background sputtering gas. 

The deposition chamber is operated at low pressure, between about .5 millitorr and 8-10 

10 millitorr. Typical process pressure is below about 2 millitorr where there are very few 

collisions in the gas phase, resulting in a condition of uniform "free molecular" flow. This 

ensures that the gas phase concentration of a gaseous component is uniform throughout the 

process chamber. 

For example, in the apparatus used in the Examples below, backgr01md gas flow 

15 rates in the range of about 3() to about 100 seem, used with a pump operated at a fixed 

pumping speed of about 50 liters/second, result in free molecular flow conditions. The 

distanced, in FIG. la, between the target and the substrate is varied between about 4 cm 

and 9 cm. A typical source to substrate distance d is 6 cm. The source to substrate distance 

is chosen to optimize the thickness uniformity of the film. At large source to substrate 

20 distances the film thickness distribution is dome shaped with the thickest region of the film 

at the center of the substrate. At close source to substrate distance the film thickness is dish 

shaped with the thickest film formed at the edge of the substrate. The substrate temperature 

is held constant in the range of about -40 °C to about 550 °C and can be maintained at a 

chosen temperature to within about 10 °C by means of preheating the substrate and the 

25 substrate holder prior to deposition. During the course of d~osition, the heat energy 

impressed upon the substrate by the process must be conducte,d away from the substrate by 

cooling the table on which the substrate is positioned during the process, as known to those 

skilled in the art. The process is performed under conditions of uniform gas introduction, 

uniform pumping sp~ed, and uniform application of RF power to the periphery of the 

30 target as known to skilled practitioners. 

The speed at which a scanning magnet 20 is swept over the entire target is 

determined such that a larer thickness less than about 5 to 10 A, corresponding roughly to 

two to four monolayers of material, is deposited on each scan. The rate at which material 

is deposited depends on the applied RF power and on the distance d, in FIG. 1 a, between 
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the target 12 and the substrate 16. With the silica target described above, scanning speeds 

between about 2 sec/one-way scan across the target to 20-30 sec/scan provide a beneficial 

layer thickness. Limiting the amount of material deposited in each pass promotes chemical 

and physical uniformity. With the typical process conditions, the rate of deposition of pure 

5 silica is approximately 0.8 A.lk.W-sec. At an applied RF power of 1 kW, the rate of 

deposition is 0.8 A/sec. At a magnet scan speed that provides a scan of 2 seconds, a film of 

1.8 A nominal thickness is deposited. 

A thickness of 2.4 A can be associated with one mono layer of amorphous silica 

film. The impingement rate of process gas equivalent to a monolayer per second occurs at 

10 approximately lxl0"6 torr. The process gas may contain oxygen atoms ejected from the 

silica during sputtering in addition to the background inert gas. For typical process 

conditions near 1millitorr,4x103 monolayers of process gas impinge on the film during the 

4 second period of deposition. These conditions provide adequate means for the 

equilibration of the adsorbed sputtered material with the process gas, if the sputtered 

15 material has a uniform composition. Uniform, wide area target erosion is required so as to 

ensure that the adsorbed sputtered material has a uniform composition. 

According to another aspect of the present invention, a dual :frequency RF 

sputtering process, in which low frequency RF power is also applied to the target, is used. 

Returning to FIG. 1 a, apparatus 10 includes RF generator 15, in addition to RF generator 

20 14 described previously. RF generator 14 is a high frequency source, typically 13.56 

MHz, while RF generator 15 provides power at a much lower frequency, typically from 

about 100 to 400 kHz. Typical process conditions for dual frequency RF deposition 

include high frequency RF power in the range of about 500 to 5000 watts and low 

frequency RF power in the range of about 500 to 2500 watts where, for any given 

25 deposition, the low frequency power is from about a tenth to about three quarters of the 

high frequency power. The high frequency RF power is chiefly responsible for sputtering 

the material of target 12. The high frequency accelerates electrons in the plasma but is not 

as efficient at accelerating the much slower heavy ions in the plasma. Adding the low 

frequency RF power causes ions in the plasma to bombard the film being deposited on the 

30 substrate, resulting in sputtering and densification of the film. 

1n addition, the dual frequency RF deposition process generally results in :fihns 

with a reduced surface roughness as compared with single frequency deposition. For silica, 

films with average surface rouglmess in the range of between about 1.5 and 2.6 nm have 

been obtained with the dual frequency RF process. Experimental results for single and 
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dual frequency deposition are further described in Ex~ple 4 below. As discussed in the 

co-filed, commonly assigned U.S. application Attorney Docket No. M-11522 US, (the 

'522 application) which is incorporated herein by reference, reducing surface roughness of 

core and cladding materials is key to reducing scattering loss in planar optical devices. 

5 Further, the dual frequency RF process can be used to tune the refractive index of 

the deposited film. Keeping the total RF power the same, the refractive index of the 

deposited film tends to increase with the ratio oflow frequency to high frequency RF 

power. For example, a core layer of a planar waveguide can be deposited by a dual 

frequency RF process, and the same target 12, can be used to deposit a cladding layer 

10 using a single frequency RF process. Introducing low frequency RF power in the core 

layer deposition process can therefore be used to provide the difference in refractive index 

between core and cladding layer materials. 

It is particularly beneficial to further augment the single frequency or dual 

frequency RF sputtering process by additionally applying RF power to the substrate 16, 

15 using, for example, substrate RF generator 18. Applying power to the substrate, resulting 

in substrate bias, also contributes to densification of the film. The RF power applied to the 

substrate can be either at the 13.56 MHz high frequency or at a frequency in the range of 

the low frequency RF. Substrate bias power similar to the high frequency RF power can 

be used. 

20 Substrate bias has been used previously to planarize sputter deposited quartz films. 

A theoretical model of the mechanism by which substrate bias operates, has been put 

forward by Ting et al. (J. Vac. Sci. Technol. li, 1105 (1978)). When power is applied to 

the substrate, a so-called plasma sheath is formed about the substrate and ions are coupled 

from the plasma. The sheath serves to accelerate ions from the plasma so that they 

25 bombard the film as it is deposited, sputtering the :film, and forward scattering surface 

atoms, densi:fying the film and eliminating columnar structure. The effects of adding 

substrate bias are akin to, but more dramatic than, the effects of adding the low frequency 

RF component to the sputter source. 

Using the bias sputtering process, the film is simultaneously deposited and etched. 

30 The net accumulation of film at any point on a surface depends on the relative rates of 

deposition and etching, which depend respectively, on the power applied to the target and 

to the substrate, and to the angle that the surface makes with the horizontal. The rate of 

etching is greatest for intermediate angles, on the order of 45 degrees, that is between 

about 30 and 60 degrees. 
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The target and substrate powers can be adjusted such that the rates of deposition 

and etching are approximately the same for a range of intermediate angles. In this case, 

films deposited with bias sputtering have the fo1lowing characteristics. At a step where a 

horizontal surface meets a vertical surface, the deposited film makes an intermediate angle 

5 with the horizontal. On a surface at an intermediate angle, there will be no net deposition 

since the deposition rate and etch rate are approximately equal. There· is net deposition on 

a vertical surface. 

A bias sputtering process without magnetic enhancement has been observed to 

provide deposited films with exceptionally low surface roughness and exceptional 

10 refractive index uniformity. As described in Example 5 below, using substrate bias in a 

diode sputtering process, a silica film with an average surface roughness of 0.14 mn and a 

refractive index uniformity ofless than 4x10·5 % has been obtained. Further, as 

demonstrated in FIG. 7, diode bias sputtering produces structures with the characteristic 

intermediate angle of the external surface of the film portion covering a raised ridge. 

15 Diode bias sputtering therefore, offers particular advantages for forming the core layer of 

certain waveguide structures, as further discussed in the '522 application. 

Dual frequency RF sputter deposition processes or single or dual frequency RF 

sputtering including substrate bias provide dense films with excellent physical structure for 

use in planar optical devices. The present processes overcome problems that have been 

20 observed in the past in some conventionally deposited, particularly CVD deposited films, 

which can display so-called "columnar", through thickness structure. In cross section, 

under magnification, the structure appears like a close packed group of columns or grains. 

Between the columns, there is often a diffusion path, referred to as "leader" defects. The 

columnar morphology contributes to the roughness of the surfaces and sidewalls of 

25 conventional films after etching during fabrication into devices. The through thickness 

defects as well as the surface roughness scatters guided light, resulting in insertion and 

transmission losses. Thus the transparency of materials produced by dual frequency and 

substrate bias deposition is advantageous for building low loss optical devices. 

The use of substrate bias can also influence the refractive index of the deposited 

30 film. In the case of an argon gas process, it can.be expected that substrate bias will result in 

densification and etching of the film. An argon bias process can be expected to rise the 

index of a film deposited from a pure Si()z target. However, the rate of etching is 

proportional to the local plasma density and that density is proportional to the local plasma 

density at the target cathode. Here again, the unifonnity of the target plasma, as 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 356 of 1543



WO 02/12932 PCT/USOl/22750 

demonstrated by the uniformity of the nearby target erosion is very important for the 

uniformity of the effect of the substrate bias. Thus, use of substrate bias reinforces the 

benefits of the wide area target used under condition of uniform target erosion, of the 

present invention, to provide films with highly uniform optical properties. 

5 According to another aspect of the present invention, the refractive index of the 

material deposited using an RF sputtering process can be deliberately tuned by modifying 

other plasma processing conditions, provided that such process conditions influence a 

substantially uniform region of a wide area cathode in a uniform way. First, it has been 

determined that raising the deposition temperature increases the refractive index of the 

10 resulting material. Second, increasing the RF power applied to the target increases the 

refractive index of the deposited material. Third, a reactive process gas can be added to 

the sputtering chamber which effectively modifies the chemical composition of the 

deposited material with a corresponding change in refractive index. In general, adding a 

reducing gas, such as hydrogen, increases the refractive index and adding an oxidizer, such 

15 as oxygen, decreases the refractive index. Nitrogen is also a useful process gas. The 

direction of the effect on refractive index of replacing some of the argon with nitrogen 

depends on the chemical composition of the target. 

For example, as reported in detail in Example 1, for a pure silica, that is Si02, 

target, increasing the process temperature from 40 °C to 400 °C results in an over 0.7 % 

20 increase in refractive index, from 1.438 to 1.449. The process temperature is the 

temperature at which the substrate carrier 17 is uniformly maintained. All refractive 

indices reported here are measured at 1550 nm. Increasing the process power from 800 W 

to 1200 W increases the refractive index of the deposited material by about 0.5 %. Larger 

changes can be effected by using higher process power or by using reactive process gases 

25 in the sputtering chamber. Replacing a third of the argon with nitrogen at 150 °C provides 

an increase in refractive index of about 7 %. Replacing argon as the sputtering gas with a 

mixture of 2% H2 in Ar results in an increase in refractive index of over 2% at 150 °C. 

Another approach to providing material with a tailored refractive index is to 

employ a target material in a specific oxidation state. In the silicon/oxygen system, for 

30 example, the refractive index of a bulk Si02 target is typically around 1.44. Using the 

present refractive index control methods with an Si~ target, materials with refractive 

indices between 1.44 and 1.58 have been obtained. Alternatively, as demonstrated in 

Example 3, target 12 can be composed of silicon monoxide, SiO, which in the bulk state 

bas a refractive_ index on the order of 1.8. RF sputtered SiO using argon as the sputtering 
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gas has a refractive index slightly above 2, while SiO that was sputtered using a mixture of 

argon and nitrogen can have a refractive index lowered by over 15% to below I. 75, 

depending on the process conditions. 

While not bound by any theory, the inventors explain the observed process gas 

5 effects on refractive index in the silicon/oxygen system in terms of free electron density on 

the silicon atoms in the material. Metallic silicon with a high electron density has a high 

refractive index, about 3.4. Combining silicon atoms with oxygen, which is highly 

electronegative, that is electron withdrawing, reduces the electron density on silicon, 

reducing the refractive index to 1.8, for SiO, and to 1.44 for Si02• During sputtering of 

10 SiO, some of the oxygen is removed by collision with argon ions in the plasma, resulting 

in sputtered material with a higher refractive index than the SiO target. Nitrogen atoms are · 

electronegative, but not as strongly electronegative as oxygen. When nitrogen is used as a 

process gas in sputtering of SiO, some nitrogen is added to SiO to form Si ON, in which the 

N adds to withdrawing electrons from Si, lowering the refractive index. However, when 

15 nitrogen is used in sputtering ofSi02, some nitrogen replaces oxygen to form some SiON. 

In this case, the nitrogen is less electronegative than the oxygen and the refractive index 

goes up. With this understanding, the practitioner can use reactive process gases to tune 

refractive index at will. 

For passive optical devices, differences in refractive index between the core and the 

20 cladding of between about 0.25% and 1.5% are typically required. Thus, wide area RF 

sputtering can be used together with choice o.ftarget oxidation state and refractive index 

control by varying temperature, power and/or reactive gas to produce both core and 

cladding materials with a desired L\n. The ability to reproducibly and uniformly provide 

materials with a range of refractive index enables designers to optimize optical 

25 components for geometric or other considerations and specify the desired refractive index 

of the materials rather than being limited to the values that result from conventional CVD 

deposition processes. 

The specific examples discussed to this point have focused on deposition from 

targets composed of oxides of silicon. The wide area target RF sputtering process is 

30 likewise advantageous for deposition of rare earth doped materials used for the core region 

of planar optical amplifiers. To deposit rare earth doped materials, a target that is a 

mixture or compound of the rare earth, typically an oxide, fluoride, sulfide, or nitride, and 

a suitable oxide host is used. For example, to deposit Er doped SiO, powdered SiO and 

Er203 is thoroughly mixed, and formed into tiles by low temperature isostatic pressure. 
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The present method can be applied to provide rare earth compounds doped in any of the 

combinations of oxides, including silica and alumina, or silica and alumina augmented by 

such other host material as yittria, zirconia, titania, or other materials that have been 

proposed for optical amplifier applications. A mixture ofrare earth dopants can be 

5 provided, as desired. 

Doping oxides of silicon with erbium raises the refractive index of the dope~ 

material with respect to the refractive index of the host material. For example, as reported 

here in sample C of Example 2, a film with an Er concentration of approximately 2. x 1020 

atoms/cm3 in SiO, deposited by RF sputtering, has a refractive index that is 2.3% above 

10 that of RF sputtered SiO. The difference in refractive index between the doped core region 

and the cladding region has an important effect on the performance of planar optical 

amplifiers. For amplifiers, &i values between about 025% and 15% are typically 

required. The index control methods described here are beneficially used to provide 

cladding region materials with a suitable .6n with respect to the doped core region. In the 

15 past, additional, so-called tertiary, species such as alkali, phosphorous, boron, and ceria 

have been introduced into optical layers for refractive index control, raising the index of 

the core or bringing the refractive index of the cladding up to a desired .1n from the 

refractive index of the doped core. Such tertiary species can diffuse into the core region 

and detrimentally interfere with rare earth ion luminescence. Moreover, such tertiary 

20 species can raise the coefficient of thermal expansion of the material causing stress and 

·birefringence problems. The present method of wide area target RF sputtering with index 

control avoids the disadvantages of index modification by tertiary additives. 

The chief requirement for applying the present method to deposit doped mixed 

oxide materials for use in optical amplifiers is that the wide area alloy target be completely 

25 uniform in chemical composition, at least to the level of the powder metallurgy utilized to 

form the powder mixture. Typical powder sizes are between tens and hundreds of 

microns. In the case of refractory oxide additions, it may be useful to pre-alloy these with 

the rare earth additions. Plasma spray, transient melting or induction meltmg may be 

utilized to form a powder which is a solution or alloy of such materials. In the case of 

30 mixed materials containing almnina, for example, the low sputter yield of pure alumina can 

lead to segregation of the target material during sputtering. This causes the £i1m to be low 

in alwninum with respect to the alloy target composition. It also can lead to particle 

production from the cathode. The high solubility of the rare earth material in alumina and 

the high sputter efficiency of the rare earth doped alumina suggest that practical formation 
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of a sputter target material proceed through a first step of alloying lhe rare earth dopant and 

one or more of the host oxide additions to form a fust powder material. The remainder of 

the host materials can be added prior to consolidation of the alloy target material. With 

this widerstanding the practitioner can fabricate alloy tiles of uniform composition. 

5 According to yet another aspect of the present invention, a method of forming 

targets 12 composed of individual tiles is provided. In order to form a wide area target of 

an alloy target material, the consolidated material must fust be uniform to the grain size of 

the powder from which it is formed. It also must be formed into a structural material 

capable of forming and finishing to a tile shape having a surface rouglmess on the order of 

10 the powder size from which it is consolidated. As an example, the manufacture of indium 

tin oxide targets for wide area deposition has shown that it is impractical to attempt to form 

a single piece, wide area target of fragile or brittle oxide material. The wide area sputter 

cathode is therefore formed from a close packed array of smaller tiles. A target of a size 

used in, the Examples herein may have from 2 to 20 individual tiles. The tiles are finished 

15 to a size so as to provide a margin of non-contact, tile to tile, 29 in FIG. 3, less than. 0.01 O" 

to 0.020" or less than half a millimeter so as to eliminate plasma process between the tiles. 

The distance of the target tile assembly comprising target 12 to the dark space anode or 

ground shield 19, in Figs. la and lb can be somewhat larger so as to provide non contact 

assembly or provide for thermal expansion tolerance during process chamber conditioning 

20 or operation. 

The low thermal expansion and fragile condition of ideal optical dielectric tile 

material can be a cause of great difficulty in bonding and processing a wide area array of 

such tiles. The bonding process according to the present invention that overcomes these 

difficulties is illustrated in FIG. 3. Sputter coating a side of such a tile in region· 26 prior to 

25 bonding with backing plate 25 can be accomplished with a layer of a material such as 

chrome or nickel as a diffusion layer. Such a metallurgical layer acts as a wetting layer to 

be tinned with a suitable solder material such as indium or an indium alloy. The backing 

plate 25 should be made of titaniuµi or molybdenum or other low expansion metal so as to 

provide a good match with the thermal expansion of the tile material. A very important 

30 aspect of the fonnation of a tiled target is the finishing and coating of the backing plate 

prior to the solder bonding of the array oftiles. The portion 27 of the backing plate to be 

exposed to vacuum, either between the tiles or about the periphery or dark space region of 

the tile assembly should be bead blasted and plasma spray coated with a material such as 

almnina or silica to prevent contamination of the process by the target backing plate 
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material. The portion 26 of the backing plate beneath the tile should be sputter coated with 

a material such as nickel or chrome to enable solder bonding. Pure indium solder, although 
~ 

it has a higher melting point than alloys such as indium-tin, is much more ductile. This 

allows the solder to yield during cooling of the solder bonded assembly ~U~i:ig stress on 

S the bonded tiles. · · .. _: .. 

It is useful to provide an outer frame fixture which is located precisely for the 

location of the outer tiles. It is also useful to provide shim location, tile to tile, while the 

assembly is at temperature. The actual solder application and lay up procedure can be 

devised by those versed in solder assembly. It is essential for reasons of beat transfer that 

10 the solder forms a full fill of the volume between the tile and the backing plate. It is also 

essential that the solder not be exposed to the plasma. There should not be any visible 

solder in the region between the tiles or on the backing plate. To enable this condition it is 

useful to sputter coat the wetting layer area with an offset 28 of several millimeters on both 

the tile and the backing plate. It is also useful to pre-solder or tin both the tiles and the 

lS backing plate prior to final assembly. The solder material will not wet region 28 upon 

assembly. A mask for the sputter deposition of the diffusion barrier/wetting layer film is 

useful. Finally, cleaning of the bonded target tile assembly should utilize anhydrous 

cleaning rather than aqueous based cleaning methods. 

The RF sputtering methods for material deposition, described here, are combined 

20 with processes commonly used in semiconductor fabrication, such as photo-lithographic 

patterning and etching, to produce planar optical devices. A process to produce a surface 

ridge device is illustrated schematically in the device cross sections of Figs. 4a and 4b. RF 

sputtering is used to deposit a layer of cladding material 34 on a substrate 32. A layer of 

core material 36, having a higher index of refraction than the cladding layer is then 

2S deposited by RF sputtering on the cladding layer 34. followed by another layer 34 of the 

cladding material, as shown in FIG. 4a. A ridge structure 31 is then formed in the upper 

cladding layer and a portion of the core material, as required by the design of the 

waveguide, by means oflithography and etching, FIG. 4b. The ridge 31, serv~s to guide 

the light in the core material. In the case that the core material is doped with a 

30 photoluminescent active material and the conditions for amplification aie met, such a 

structure may be used as a planar waveguide amplifier device. 

Figs. Sa-Se illustrate the steps of forming a buried ridge planar wave-guide. FIG. Sa 

shows the same sequence of :films as FIG. 4a without the upper cladding layer. FIG. Sb 

shows a ridge 37 that has been formed by lithography and etching :from the core layer 36. 
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The ridge is shown as unity aspect ratio but might have another aspect in cross section. 

Fig Sc illustrates the confonnity or ridge coverage shape 3 8 of an overlayer of the cladding 

material formed by means of standard RF sputtering. The line of sight arrival of the 

sputtered cladding material results in poor step coverage of those portions of the ridge 

5 having low solid angle exposure to the sputter cathode source. The film grows in a lateral 

direction from the upper comers of the ridge resulting in a •bread loaf shape. The 

ovemang of the lateral growth causes the rate of deposition to decrease at the lower comer 

of the ridge. A 'bird's beak' shaped defect in the coverage is formed in the covering film. 

In micro-electronic applications, such a 'bird's beak', or leader, defect is the cause of 

10 electrical breakdown of an insulating dielectric layer. In the present optical application, a 

buried ridge wave-guide having an upper cladding as shown in FIG. Sc would demonstrate 

poor single mode confinement and substantial polarization dependence for the guided light 

due to the 'bird's beak defect. Substantial insertion loss would result from the roughness 

introduced by the defect in the longitudinal direction of the wave-guide. 

15 FIG. 5d illustrates the effect of dual frequency RF deposition on the formation of 

the coverage of the ridge. Using dual RF frequencies, a small amount ofion bombardment 

of the cladding layer 39 can be achieved during deposition, providing a small etch rate to 

reduce the lateral growth of the deposition on the top corners of the ridge. The small etch 

rate during deposition reduces the shadowing at the lower comer of the ridge and increases 

20 the step coverage. The low amount ·of ion bombardment also acts to densify the film by 

forward scattering of the adsorbed, sputtered material and provides for increased mobility 

of the sputtered material on the surface of the film. Both effects act to reduce the leader 

defect shown in FIG. Sc. FIG. 5d shows the improved step coverage 39 that can result 

from the application of dual frequency power for the sputter deposition of the upper 

25 cladding. Due to the fact that the lower frequency, of the dual frequency process, is applied 

to the cathode, the deposition rate will increase with the addition of the second frequency 

power. Thus, the positive effect of the second frequency can not be isolated from the 

deposition rate. However, the structure, shown in FIG. Sd, is not an ideal structure for the 

formation of a light wave guiding device because the step coverage defect has not been 

30 eliminated. 

FIG. Se shows the effect of the addition of substrate bias during the sputter 

deposition of the upper cladding layer. The substrate bias power is independent of the 

source power. The addition of further bias power to the substrate will increase the etch 

rate. In practice it may be equal to the source power. The rate of deposition of the film 
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will be significantly greater on the horizontal features of the substrate then the rate of 

etching. However, due to the efficiency of ion etching ofa feature of the film inclined near 

45 degrees from the horizontal surface, the net accumulation at that angle may be very low. 

By adjusting the ratio of the bias to the sputter power, an angle of constant repose can be 

S impressed upon the accumulation shape of the deposited cladding layer. 

FIG. Se shows schematically the step coverage that can be obtained in the cladding 

layer 40 by bias sputtering. FIG. 7 demonstrates that the smooth, straight sidewalls and 

characteristic 45 degree angles depicted schematically in FIG. Se are achieved in practice. 

In particular, the leader defect and the shadowing effect of unbiased deposition can be 

10 completely eliminated. The step coverage can be increased by increasing the thickness of 

layer 40. While the discussion above has emphasized the beneficial geometrical effects of 

bias sputtering deposition of cladding layer 40, it is also useful to use bias sputtering to 

deposit all the layers of planar optical devices because of the increased transparency of 

bias sputtered materials. Also, since bias sputtering affects refractive index, it is desirable 

15 to use bias sputtering for both lower and upper cladding layers in order for the cladding 

layers to have the same refractive index. 

A wave guide device 30, as shown in FIG. Se, with very low polarization 

dependence and high quality mode containment can be obtained in a material such as pure 

silica. If such a device is realized in pure silica without the use of dopants, substantial 

20 improvement in thermal stability over present devices can be achieved. Device 30 may be 

used as a wave-guide or splitter. When the core is rare earth doped, it may be utilized to 

form an active device such as an optical amplifier. When formed by thin film methods, 

arrays of such devices may be created. Exemplary dimensions of the cross section of ridge 

31 or 37 or core 46, discussed below, are from about 2 x 2 µm to about 9 x 9 µm. 

25 Exemplary dimensions for cladding layer 34 is between about 10 and 25 µm thick. 

The process of forming a trench device 50 is shown schematically in Figs. 6a - 6f. 

First, a thick layer 41 of cladding material is deposited by RF sputtering on substrate 32, 

FIG. 6a. Next a trench 42 is fonned by photo-lithographic patterning and etching in 

cladding layer 41, FIG. 6b. Core material 43 may be RF sputtered into the trench, FIG. 6c. 

30 As in the case of covering a ridge, the lateral growth of the surface :fi1.ID. shadows the line of 

sight coverage of the trench. The maximum thickness of the bottom fill of an aspect one 

trench with a film of unity thickness may be less than 10 to 20 %. In practice, the core 

layer can close off, leaving a void in the trench. The best prior art, teaches that the film 43 

should be etched back. An etch back process removes the surface layer, opens the void if 
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one has formed and leaves the partial fill in the trench, (see H. Ohkubo, et. al. 

"Polarization-Insensitive Arrayed-Waveguide Grating Using Pure Si02 Cladding, Proc. 

OECC 2000, Technical Digest, July 2000, Makuhari Messe, Japan.). A second deposition 

can fill the partially filled trench. In contrast, FIG. 6d shows the c1adding 1ayer applied by 

5 means of a dual frequency process. Using dual frequency, layer 44 remains open due to 

the etching influence of the second lower frequency. The bottom fill can increase to as 

much as 60 to 80 %. While dual RF deposition is more successful at :filling the trench than 

single frequency deposition, the process is not ideal for fabrication of buried trench 

waveguides. 

10 According to the present invention, a trench can be filled in a single process step 

using bias sputtering. FIG. 6e schematically shows core material deposited by means of RF 

bias sputtering oflayer 45. FIG. 7 demonstrates complete trench fill has been achieved.in 

practice with bias sputtering. The structure of FIG. 6e can be etched back by means of a 

bias process with the net rate of bias etching greater than the rate of deposition on the 

15 horizontal surface. It can also be mechanically polished or etched back. Deposition of a 

cladding layer by means of RF sputtering results in device 50 shown in FIG. 6f. Device 50 

can be used as a polarization independent wave guide. In the prior art, Oh.k:ubo, et. al., the 

core material was doped with germania to raise the index of refraction. In the present 

invention, the control of the index of deposited pure silica can be used to provide the 

20 higher index material of the core as a uniform layer. The wide area magnetron RF source 

will also provide a uniform plasma condition for the application of the uniform bias 

sputtering. 

In the case of wave length division, Ohkubo, et. al. utilize a three step process of 

deposition, etch back and deposition to fill a trench between two ridge waveguide 

25 structures. In the design of planar waveguide structures there are many instances in which 

two core waveguide structures, fonned either by etching a ridge or filling a trench, are 

brought together either to merge, thus forming a so called '3 dB' junction, or into close 

proximity so as to form a coupler. In these cases, narrow, deep structures are formed. Jn all 

these cases it is necessary to fill these structures of adjacency between nearby wave-

30 guides. According to the present invention, the trench fill, the ridge coverage and the 

adjacent structure fill can be accomplished uniformly in the subject wide area RF bias 

sputtering process. In all cases, it is also necessary to adjust the index ofrefraction 

difference to a precise value. Such a value of &l may be chosen from 0.1 to 0.8 percent for 

the purpose of weak mode confinement at a wavelength or for control of the numerical 
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aperture of a waveguide device. The index difference may need to be uniform to ±5% of 

the difference for each film. The overall nonuniformity of each film, I percent of 5 percent 

is 5x104
• Evaluated at a nominal index of 1.50, such anonunifonnity corresponds to a 

variance of 0.00075 for each film. The nonuniformity of index reported here and achieved 

5 by means of wide area RF sputtering is, on first result, very close to the estimated value 

reqWred for each film. 

10 

The features and benefits of the present methods of wide area target RF sputtering 

to provide materials for planar optical devices are further illustrated in the following 

examples which are offered by way of illustration, but not of limitation. 

EXAMPLE I: DEPOSITION OF Si02 

An AKT 1600 series PVD production reactor (Applied Komatsu Technology, Santa 

Clara, CA) modified for RF application with custom ceramic tile targets was used for RF 

sputter deposition of Si02. A wide area target of dimension 550 x 650 mm was fabricated 

15 from four quartz tiles, each 4 mm thick, Coming code 9780 glass (Coming Inc. Elmira, 

NY). The tiles were finished to a smooth surface, chemically cleaned, rinsed with hot 

deionized water, dried, and sputter coated with several microns of chrome. The chrome 

coated sides were bonded to a thin plate of titanium as described above. The titanium 

backing plate was prepared for bonding by bead blasting, chemical cleaning, and plasma 

20 coating with silicon. The tiles and the backing plate were heated to approximately 180 °C 

and regions were coated with a layer ofliquid indium. The tiles were precisely pJaced on 

the backing plate such that they were separated by no more than 0.02 inches from each 

other and from the edges of the region exposed to the plasma. 

A 150 mm p-type silicon wafer substrate was placed in the center of a 400 x 500 

25 mm glass carrier sheet. 800 watts of power was applied to the target at 13.56 MHz. A 

race-track shaped magnet of approximate dimension 150 mm x 600 mm was swept over 

the face of the target at a rate of 4 seconds per one-way scan (8 seconds per complete 

cycle.) Substrate temperature was uniformly held at 40 °C and the sputter gas was 

99 .99999% pure argon at a flow rate of 60 seem. The target to substrate distance was 6.5 

30 cm. Deposition efficiency was approximately 0.8 Alk.W-sec. Film thickness and index of 

refraction were measured at five equally spaced points over the full face of the wafer using 

a FilmTek 4000 interferometer. Refractive index at 1550 run was 1.437998 ± 0.001297 

(0.09%); .film thickness was 9227.66 nm with a nonuniformity of 6.8 %. Results are 

included as Sample A in Table 1 below. 
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EXAMPLE 2: DEPOSITION OF Si{h WITH INDEX MODIFICATION 

Si02 films were deposited by processes analogous to that described in Example 1, 

varying deposition temperature, applied power, and process gas. Results are tabulated in 

Table 1 below. 

5 Table 1: Si02 Thickness and Refractive Index as Function of Deposition 

Conditions 

Power Temperature Sputtering gas/ 

(watts) (oC) Flow rate (seem) 

A 800 40 Ar/60 

B 800 150 Ar/60 

c 800 400 Ar/60 

D 1200 150 Ar/60 

E 800 150 2%H2 in Ar/60 

F 800 150 N2/20, Ar/40 

G 1400 150 N2/20, Ar/40 

H 800 400 Ar/60 

•Standard deviation (lo) in parentheses 

# Thickness nonuniformity 

Refractive index· at 

1550nm 

1.437998 (0.001297) 

1.440923 (0.001979) 

1.450126 (0.000726) 

1.448610 (0:000976) 

1.462198 (0.001809) 

1.580249 (0.008346) 

1.548439 (0.006499) 

1.450036 (0.000702) 

10 EXAMPLE 3: DEPOSITION OF SiO AND ERBIUM DOPED SiO 

Thickness (nm)" 

9227.66 (6.8%) 

3133.25 

9295.86 (4.8%) 

9.2 x lOJ 

1287.15 

608.87 

2354.80 

9295.84 (4.8%) 

Target tiles of SiO were prepared from a powder of SiO by low temperature 

isostatic pressure. The tiles were cut and bonded to a backing plate as described above. 

Mixed oxi~e tiles used to deposit erbium doped SiO were prepared by mixing powdered 

Er203 and SiO in a ratio of 2 molar cation percent erbia. SiO and Er doped SiO :films were 

15 deposited as in Examples 1and2 above. Refractive index and thickness are tabulated for 

SiO in Table 2 and for Er doped SiO (SiO:Er) with an Er concentration of approximately 2 

x tcf0 Er atoms/ cm3
, in Table 3. 
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Table 2: SiO Thickness and Refractive Index as Function of Deposition Conditions 

Power Temperature Sputtering gas/ Refractive index· at Thickness (run) 

(watts) {°C) Flow rate (seem) 1550run 

J 1000 150 Ar/60 2.084500 691.78 

K 1000 150 N2/10, Ar/50 1.736693 (0.010250) 1000.96 

L 1000 150 N2/25, Ar/50 1.740680 770.08 

•Standard deviation (lo') in parentheses 

Table 3: SiO:Er Thickness and Refractive Index as Function of Deposition Conditions 

Power Temperature Sputtering gas/ Refractive index~ at Thickness (run) 

(watts) {°C) Flow rate (seem) 1550 run 

M 1000 150 AI/60 2.132870 791.35 

N 1000 150 Nz/l 0, Ar/50 1.740480 (0.017838) 1501.04 

0 1000 150 N2/25, Ar/50 1.750910 1400.11 

p 1000 150 N2/50, Ar/25 1.792790 786.78 

Q 800 400 02/3, Ar/57 1.454825 (0.005425) 1159.50 

.. 
Standard deviation (1 a) m parentheses 

5 EXAMPLE 4: SINGLE AND DUAL FREQUENCY RF SPUTTER DEPOSITION OF 

SILICA 

An AKT 1600 series PVD production reactor and wide area target as described in 

Example 1 was used. High frequency (13.56 MHz) and low frequency (about 350 kHz) 

process powers are listed along with stuface roughness and refractiye index (RI) of the 

10 deposited films in Table 4 below. Depositions were all conducted at Ar flow rates of 40 

standard cubic centimeters per minute (seem) and at or near room temperature, except as 

noted below. Refractive index at 1.5 µm was measured using a Fibn Tek 4000 normal 

incidence interferometer (SCI, Encinitas, CA). Average surface roughness, Ra, was. 

detennined from Atomic Force Microscopy (AFM) measurements using a NanoScope ID 

15 5000 instrument (Digital Instruments, Veeco Metrology Group, Santa Barbara, CA) 
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Table 4. Average Surface Roughness ancl Refractive Index of RF Sputtered Silica 

EXA1\1PLE HF Power LFPower 

(kW) (kW) 

A 2.3 --
B 2.3 --
c 2.3 -

D 2.0 0.350 

E 2.0 0.350 

F 2.0 0.350 

G 2.0 0.350 

H 1.7 0.600 

I 1.7 1.000 

J 3.0 0.525 

K- 2.0 0.350 

L" 3.0 0.525 . . . 
Deposition temperature 225 °C 

#Ar flow rate l 20 seem 

Ra (nm) RI Total Power LF/HFPower 

Ratio 

2.988 1.4492 2.300 0 

2.804 1.4494 2.300 0 

3.412 1.4473 2.300 0 

1.818 1.4538 2.350 0.175 

1.939 1.4533 2.350 0.175 

2.007 1.4547 2.350 0.175 

2.571 1.4520 2.350 0.175 

1.729 1.4560 2.300 0.353 

1.445 1.4617 2.700 0.588 

2.359 1.4542 3.525 0.175 

3.419 1.4523 2.350 0.175 

4.489 1.4449 3.525 0.175 

Films deposited with a single frequency RF process (Examples A-C) had average 

5 surface roughness values in the range of 2.8 to 3.4 nm while the dual frequency process 

produced films with systematically lower average surface roughness of between 1.4 and 

2.6 run. Keeping other process conditions the same, increasing the ratio of low frequency 

to high :frequency power is seen to result in decreasing surface roughness. Refractive 

index is observed to have the opposite proportional dependence on power ratio; increasing 

10 the low frequency power contribution results in fihns with higher refractive index. 

Beneficially, the higher refractive ind.ex material has the lower average s~face roughness. 

Thus, in similar processes, core layer material can be obtained by using dual frequency 

deposition without use of dopants to modify the index of either layer, while using only the 

high frequency component produces a materia1 of lower refractive index suitable for the 

15 cladding layer. 
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EXAMPLE 5: RF SPUTTER DEPOSITION OF SILICA WITH SUBSTRATE BIAS 

An AKT 4300 series PVD production reactor (Applied Komatsu Technology, Santa 

Clara, CA) modified to accept custom ceramic tile targets and modified to induce a voltage 

on the substrate was used to deposit silica on planar and patterned 100 mm silicon wafers. 

5 A wide area target of dimension 750 x 870 mm was fabricated as described in Example 1. 

The wafers were placed in the center of a Corning code 1739 glass carrier sheet opposite 

the target. The reactor was operated in the diode sputtering mode, without magnetic 

enhancement, at a high frequency RF power of 2500 Wand an induced voltage of -400V. 

A bias voltage of -125 V at 2 MHz and 250 W was induced on the substrate. An argon gas 

10 flow rate of 160 seem was used. 

Average surface roughness of a 0.75 µm thick film deposited on a planar wafer, 

detennined as in Example 4, was 0.14 nm. The refractive index detennined as the average 

of measurements at 12 points on the surface was 1.4622 with a uniforniity, defined as the 

difference of the minimum and maximum values divided by twice the average, of3.4 x 10-

15 5 percent. To the best knowledge of the· inventors, the exceptional uniformity reported here 

exceeds that of any vacuum deposited film reported previously. 

FIG. 7 shows an SEM image of a sl.lica film deposited over a patterned substrate. 

The trenches in the patterned substrate are seen to be completely and uniformly filled and 

the ridges are uniformly covered. The top surface of the layer overlying the ridges is flat 

20 and the sloping sides of the layer overlying the ridges are nominally at 45 degree angles. 

All of the foregoing geometric features are characteristic of bias sputtering deposition. As 

reported above, for trench features with unit aspect ratio, the maximum thickness at the 

bottom of the trench of films deposited by conventional RF sputtering is less than about 

10-20%. 

25 Although the present invention bas been described in terms of specific materials 

and conditions, the description is only an example of the invention's application. Various 

adaptations and modifications of the processes disclosed are contemplated within the scope 

of the invention as defined by the following claims. 
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CLAIMS 

We claim: 

1. A method of making a material layer used in forming planar optical devices, 

the method comprising: 

positioning a substrate opposite a planar target, the target having an area 

larger than the area of the substrate; and 

applY'i;1lg radiofrequency power at a first frequency to the target in the 

presence of a gas, under a condition wherein a central portion of the target 

overlying the substrate is exposed to a uniform plasma condition, whereby a 

10 material layer is formed on the substrate. 

15 

2. The method of Claim 1 wherein the uniform plasma condition is created by 

applying a time-averaged uniform magnetic field. 

3. The method of Claim 2 wherein the uniform magnetic field is applied by 

moving a magnet positioned proximate to the target across the target in a plane parallel to 

the plane of the target. 

4. The method of Claim 3 wherein moving a magnet across the target is 

20 moving a magnet in a first direction, the magnet extending beyond the target, in a second 

direction perpendicular to the first direction. 

5. The method of Claim 1 wherein the area of the planar target is at least 1.5 

times greater than the area of the substrate. 

25 

6. The method of Claim 5 wherein the material layer deposited on the 

substrate has a thickness nonunifonnity ofless than 5 percent. 

7. The method of Claim 6 wherein the material layer deposited on the 

30 substrate has a nonuniformitY in an optical property that is smaller than a nonuniformity in 

thickness. 
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8. The method of Claim 1 further comprising applying radiofrequency power 

at a second frequency to the target wherein the second frequency is lower than the first 

frequency. 

9. The method of Claim 1 further comprising applying radiofrequency power 

to the substrate. 

10. The method of Claim 8 further comprising applying radiofrequency power 

to the substrate. 

11. The method of Claim 1 wherein the uniform plasma condition is created 

without use of a magnet and further comprising applying radio frequency power to the 

substrate. 

12. The method of Claim 1 wherein the target comprises refractory oxides. 

13. The method of Claim 12 wherein the target comprises oxides of silicon. 

14. The method of Claim 13 wherein the target comprises silicon monoxide. 

15. The method of Claim 12 wherein the target further comprises compounds of 

rare earths. 

16. The method of Claim 8 wherein the refractive index of a first material layer 

25 deposited with the radio:frequency power at the second :frequency at a first power level is 

higher than the refractive index of a second material layer deposited with the 

radiofrequency power at the second frequency at a second power level, wherein the first 

power level is higher than the second power level and wherein the sum of the power levels 

of the first frequency and the second frequency are the same during deposition of the first 

30 material layer and the second material layer. 

17. The method of Claim 1 wherein the refractive index of a first material layer 

deposited with the substrate held at a first temperature is higher than the refractive index of 
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a second material layer deposited with the substrate held at a second temperature wherein 

the first temperature is higher than the second temperature. 

18. The method of Claim 1 wherein the refractive index of a first material layer 

5 deposited at a first radiofrequency power is higher than the refractive index of a second 

material layer deposited at a second radio:frequency power wherein the first power is 

higher than the second power. 

10 

15 

19. The method of Claim 1 wherein the gas comprises an inert gas. 

20. The method of Claim 1 wherein the gas further comprises a reactive gas 

whereby the refractive index of the material layer is modified compared with the refractive 

index of a material layer formed in the absence of the reactive gas. 

21. The method of Claim 20 wherein the reactive gas is a reducing gas and 

wherein the refractive index of the material layer is greater than the refractive index· of a 

material layer formed in the absence of the reducing gas. 

22. The method of Claim 20 wherein the reactive gas is an oxidizing gas and 

20 wherein the refractive index of the material layer is smaller than the refractive index of a 

material layer formed in the absence of the oxidizing gas. 

25 

23. The method of Claim 1 wherein the target comprises a plurality of tiles. 

24. The method of Claim 23 wherein the tiles comprise an alloy material. 

25. A method of making a planar optical device, the method comprising: 

depositing a first layer of cladding material having a first refractive index 

on a substrate by physical vapor deposition to form a first structure, wherein 

30 radiofrequency power is applied to a planar source of cladding material positioned 

opposite the substrate, the source having an area greater than the area of the 

substrate, the power applied in the presence of a gas and under a condition wherein 

a central portion of the source overlying the substrate is exposed to a uniform 

plasma condition; and 
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depositing a layer of core material on the cladding material to form a second 

structure, the core material having a second refractive index greater than the first 

refractive index, the core material deposited by physical vapor deposition, wherein 

radio.frequency power is applied to a planar source of core material positioned 

5 opposite the first structure, the source of core material having an area greater than 

the area of the first structure, the power applied in the presence of a gas and under a 

condition wherein a central portion of the source of core material overlying the :first 

structure is exposed to a uniform plasma condition; 

10 26. The method of Claim 25 further comprising: 

depositing a second layer of cladding material on the layer of core material 

by physical vapor deposition wherein radio frequency power is applied to the planar 

source of cladding material positioned opposite the second structure under a 

condition wherein a central portion of the source overlying the second structure is 

15 exposed to a uniform plasma condition; and 

20 

etching regions of the second layer of the cladding material and a portion of 

the thickness of the layer of core material to produce a ridge structure in the second 

layer of cladding material and in a portion of the layer of core material. 

27. The method of Claim 25 further comprising; 

etching regions of the layer of core material to produce a ridge structure in 

the layer of core material, forming a third structure; and 

depositing a second layer of cladding material over the ridge structure by 

physical vapor deposition wherein 

25 radiofrequency power is applied to the planar source of cladding 

30 

material positioned opposite the third structure, under a condition wherein 

the central portion of the source of cladding material overlying the third 

structure is exposed to a uniform plasma condition, and 

radio frequency power is applied to the third structure. 

28. The method of Claim 27 wherein depositing the first layer of cladding 

material further comprises applying radiofrequency power to the substrate. 
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29. The method of Claim 28 wherein depositing the layer of core material 

further comprises applying radiofrequency power to the second structure. 

30. A method of making a planar optical device, the method comprising: 

depositing a first layer of cladding material having a first refractive index 

on a substrate by physical vapor deposition, wherein radiofrequency power is 

applied to a planar source of cladding material positioned opposite the substrate, 

the source having an area greater than the area of the substrate, the power applied 

in the presence of a gas and under a condition wherein a central portion of the 

10 source overlying the substrate is exposed to a unifonn plasma condition; 

forming a trench in the first layer of cladding material to form a first 

structure; 

depositing a layer of core material on the cladding material completely 

filling the trench, the core material having a second refractive index greater than 

15 the .first refractive index, the core material deposited by physical vapor deposition, 

wherein radiofrequency power is applied to the first structure and radiofrequency 

power is applied to a planar source of core material positioned opposite the first 

structure, the source of core material having an area greater than the area of the 

substrate, the power applied in the presence of a gas and under a condition wherein 

20 a central portion of the source of core material overlying the first structure is 

exposed to a uniform plasma condition; 

removing core material overlying the first layer of cladding material 

exposing the cladding material except in the area of the trench to provide a 

cladding layer with filled trench; and 

25 depositing a layer of cladding material on the cladding layer with filled 

30 

trench by physical vapor deposition wherein radio.frequency power is applied to the 

planar source of cladding material positioned opposite the cladding material with 

filled trench. 

31. The method of Claim 30 wherein depositing a first layer of cladding 

material further comprises applying radiofrequency power to the substrate, and wherein 

depositing a layer of cladding material on the cladding layer with filled trench further 

comprises applying radio frequency power to the cladding layer with filled trench. 

-31-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 374 of 1543



WO 02/12932 PCT/USOl/22750 

32. A method of making a composite sputtering target comprising a plurality of 

tiles, the target used for physical vapor deposition of material, the method comprising: 

sputter coating a side of each of the plurality of tiles with a wetting layer 

material to within an offset of the edge of each tile; 

5 providing a backing plate composed of a metal with thermal expansion 

coefficient similar to the thermal expansion coefficient of the plurality of tiles; 

plasma spray coating the backing plate with a ceramic material so as to 

cover the regions of the backing plate exposed during physical vapor deposition; 

sputter coating regions of the baclcing plate corr~sponding in placement to 

10 the wetted regions of the tiles with a wetting layer; 

15 

wetting the sputtered regions of the plurality· of tiles and of the backing 

p1ate with solder material; and 

assembling the plurality of tiles on the backing plate so as to fonn a solder 

bonded non contacting array of uniformly spaced tiles. 

33. The method of Claim 32 wherein the plurality of tiles comprise an alloy 

material. 

34. The method of Claim 32 wherein the wetting layer material comprises 

20 chrome or nickel or mixtures thereof 

35. The method of Claim 32 wherein the ceramic material comprises alumina or 

silica. 

25 36. The method of Claim 32 wherein the solder material is indium. 
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5 

AUTOCLAVE BONDING OF SPUITERING 

TARGET ASSEMBLY 

Field of the Inyenrinn 

This invention relates to techniques used to fabricate internally cooled 

sputtering target assemblies generally used in planar magnetron sputtering, and in 
l 0 particular to fabrication techniques used to enhance and assure parallelism between 

the surface of a target material and the substrate being s~tter deposited. 

Bac)cgmund of the lnyentjon 

Sputtering describes a number of physical techniques commonly used in, 
15 _ for example, the semiconductor industry for the deposition of thin films of various 

metals such as aluminwn, aluminum alloys, refractory metal silicides, gold. 
copper, titanium-tungsten, rungsten, molybdenum, tantalum, indiwn-tin--0xide 

(ITO) and less commonly silicon dioxide and silicon on an item (a substrate), for 
example a wafer or glass plate being processed. In general, the techniques involve 

20 producing a gas plasma of ionized inert gas "particles" (atoms or molecules) by 
using an electrical field in an evacuated chamber. The ionized particles are then 

directed toward a "target" and collide with it. As a result of the collisions, free 

atoms are released from the surface of the target as atom sized projectiles, 

essentially converting the target material to its gas phase. Most of the free atoms 
25 which escape the target surface eondense (the atomic sized projectiles lodge on the 

surface of the substrate at impact) and fonn (deposit) a thin film on the surface of 
the object (e.g. wafer, substrate) being processed, which is located a relatively 

1 
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short distance from the target. 

One common sputtering technique is magnelron sputtering. When 

proces.Wg wafers using magnetron sputtering, a magnetic field is used to 

concentrate sputtering action in the region of the magnetic field so that sputtering 

S occurs at a higher rate and at a lower process p:n::ssurc. The target itself is 

electrically biased with respect to the wafer and chamber, and functions as a 

cathode. The magnetic field's influence on the ions is ptopo1tional to its distance 

from the front of the target. Optimally a target assembly (the target and its 

backing plate) is thin to allow the magnetic field to have the greatest influence. 

10 In generating the gas plasma and creating ion streams impacting on the 

cathode, considerable energy is used. This energy must be dissipated to avoid 

melting or nearly melting the sttuctures and components involved. A technique 

used for cooling sputtering target assemblies is to pass water or other cooling 

liquid through fu.ed internal passages of the sputtering target iWCDlbly. 

15 An example is shown in the simplified perspective sketch of Figuie 1, a 

sputtering system designed for large n:ctangular substrates, which includes a 

relatively thin sputtering target assembly with intemal cooling passages. (Details 

of the chamber and its operation are described in earlier U.S. Patent Applications 

of the inventors: U.S. Serial No. 08/157,763 filed 11-24-93 and U.S. Serial No. 

20 08/236, 715 filed 4-29--94, now hereby incorporated by reference herein.) The 

processing/sputtering chamber 30 encloses a dark space ring 31 surrounding a 
' 

substrate 32 to be sputter deposited. The upper flange of the sputtering chamber 

30 supports a lower insulating ring 33 supporting a sputtering target assembly 40. 

The target material on the sputtering target assembly is facing toward the substrate 

25 32 to be spulteled. The target assembly is negatively biased relative to the 

substrate to effect the sputtering. Inlet cooling lines 36 and outlet cooling lines 37 

connect to cooling passages in the sputtering target assembly 40 to cool the 

assembly during sputtering. The top of the sputtering target assembly 40 is 

enclosed by a top chamber 35 supported on the back of the sputtering target 

30 

2 
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previously cited, the top chamber 35 can house a moveable magnetron in an 

evacuated top chamber. The top chamber can be evacuated so that its pressure 

approaches the pressure of the process chamber. The force exerted on the area of 

the target assembly due to differential pressure between the ~ chamber and 
5 the top chamber is then ~ and easily restrained by the thin sputtering target 

assembly 40. 

A multi-layered sputtering target assembly 40, as shown in Figures 2 and 

3, is typically assembled according to the above mentioned patent applications 
using a two step process. In one step, a target material 48 is solder bonded to the 

IO backing plate 50. In another step, a finned (or grooved) cover plate 52 is bonded 

to the back of the backing plate .50 using a structural epoxy based adhesive. The 
structural epoxy based adhesive is cured by putting it in position and raising the 

temperature of the pieces to be joined while at the same time applying a pressure 

to keep the parts in intimate contact throughout the heating cycle. The order in 
15 which the two steps are done is dependent on the melting temperature of the solder 

and the curing temperature of the structural epoxy. The higher temperature 

bonding process is done first so that the integrity of the first formed bond is not 

affected by the subsequent process. 

The process and matcria1s used in producing a structural epoxy bond 

20 generally create a good bond; however, the cooling fluid occasionally leaks due to 

imperfections in bonding tbeld>y causing such sputtering target assemblies to be 

rejected. The factors affecting the structural epoxy bond integrity are 1) surface 

treatment of the pieces to be joined, 2) epoxy selection and curing procedure, and 

3) mechanical fitting or mating of the SUTfaces being joined prior to adhesive cure. 
25 Surface treatment removes mechanically weak or non-adherent surface film 

on the metal. For example, surface treatment may simply consist of mechanically 

abrading the surface to be bonded in order to obtain a "clean" metal surface. Or, 
for superior results, the procedure may involve a) degreasing, followed by b) an 

acid etch to remove any visible oxide film or scale, c) rinsing to remove all traces 

30 of the acid, d) a surface-conditioning step to deliberately form a corrosion film of 

3 
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controlled chemical composition and thickness which promotes primer adhesion. e) 

drying, and f) priming within an hour to seal the surface from atmospheric oxygen 

and moisnn-c. 

F.poxy selection is based on several factors including: type of carrier. 

5 strength of the adhesive, adhesion to the primed surface. curing temperature and 

pressure procedure. and ability of the adhesive to flow to create a leak-free joint. 

Surface treatment, epoxy selection, and curing procedures are factors 

controlled by manufacturing rigor. However, good mechanical fitting or mating of 

the surfaces being joined is also required to achieve leak-free joints. Distortion 

10 and voids are introduced by the two-step soldering process presently used to join 

large areas (e.g. 643mm x SSOmm target material dimension) of a) dissimilar 

metals and/orb) non-uniformly heated or cooled similar metals. The present 

process includes the solder wetting of the two surfaces to be bonded. The target 

material is then heated and a pool of solder is created at the soldering location. 

15 1be backing plate, also heated, is then slid into the pool of solder to avoid 

trapping the solder oxide that normally floats over the molten solder, and the 

weight of the piece and a light pnssure cause the solder in the pool to spread out 

over the surfaces to be soldered and bring the two materials generally in close 

contact. The pieces are held aligned one to the other until the solder cools below 

20 its ~ting temperature and the two pieces are bonded. 

For example, when solder bonding indium-tin-oxide (ITO) to a 

commercially pure titanium backing plate, during cooling from the soldering 

temperature (e.g .• l56°C for pure indium solder) to ambient temperature, the 

differential thermal contraction of the soldered connection tends to cause bending 

25 of the pieces. The edges of the target material, being the first to cool, initially 

form a stronger bond than the higher temperature center of the target. As a result, 

the strong connection between pieces of the outer edge of the target material 

causes the center of the target material to buckle and lift from the backing plate at 

the center of the target, by as much as 0.12S" (3.175 mm), as the target material 

30 and backing plate continue to contract at different rates. In the subsequent 

4 
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structural epoxy bond step (the finned cover 52 is bonded to this highly distorted 
targetlbacking plate assembly), mechanical fitting or mating of the surfaces being 
joined is difficult. Poor mating results in uneven bond thickness which can cause 
the cooling fluid to leak resulting in rejection of the sputtering target assembly. 

5 In addition, if such a sputtering target assembly is not flattened, the 
non-parallelism between the target material and the substrate being sputtered 
creates non-uniform films on the substrate. Raised areas at the center of the target 
material may create a void behind the raised area. or the target material may 
fracture. Such voids change the thermal conductivity between the target and 

10 backing plate and the temperature disttibution across its face. Since the 
distribution of sputtered material and the rate of sputtering of the target are 
directly dependent respectively on the target material distance from the substrate 
and on its temperature, variations in the gap (dislance) between the target and 
substrate and in the temperature of the target material will also change the 

15 uniformity of target mataial sputter deposited on the subslrale. 
Since the object of large area sputtering chambers, as descn"bed above, 

includes uniform film thickness across the entire area of the substrate being sputter 
deposited, variations in film thickness due to variable p1operties in the target 
surface of the sputtering target assembly are a great impediment to improving 

20 processing efficiency and sputter depositing a uniform film thickness over the 
whole surface. 

Summm of the Inycntion 

A method according to the present invention includes oven:oming the 
25 distortion and imperfections introduced by the sputtering target assembly 

fabrication techniques described above to provide generally uniform target 
pu:~ties across the surface of the target. Specifically, the improved fabrication 
techniques include: pressure-assist.eel bonding when using solder and/or structural 
adhesives to bond the malerial layers making up a sputtering target assembly; and 

30 enclosing cooling passages in the target backing plate by laser welding or electron 

5 
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beam welding one or more cover plates over the void in the backing plate fonning 

the cooling passages. Variations of both techniques are discusxd. 

These techniques according to the invention, reduce the number of steps in 

the fabrication process and reduce, if not eliminate, distortion due to differences in 

5 coefficients of thermal expansion of adjacent layers. They also virtually eliminate 

the possil>ility of cooling fluid leakage due to the failure of cured adhesive based 

structural bonds. 

In one meabod (or technique), the sputtering tmget assembly (comprised 

principally of backing plate, finned cover (plate), insulating sheet, and target 

10 material layers) is, as requiml, machined, ground, lapped, chem-cleaned, primed, 

and polished prior to assembly. The final step of bonding the layers together 

under pressure is performed inside a gas-tight fabric bag (preferably in an 

oxygen-depleted environment) inside an autoclave. The pressurized autoclave 

exerts a uniform force on the surface of the bag to keep the layers in tight contact 

15 throughout the thennal cycling of bond formation and/or curing. During the 

cooling cycle, the exerted pressure forces the solder layer to plastic:ally flow or 

yield preventing the assembly from distorting. Spac:e:rs. disposed between the 

target material and backing plate and interspersed in the solder layer control the 

thickness, uniformity, and integrity of the joint created by the solder layer. 

20 In the bonding step, pressure (preferably provided in an autoclave) bonding 

the target to the backing plate using solder. and bonding the finned (grooved) 

cover plate to the backing plate using a structural adhesive are performed in one 

step. The electrical insulating layer can be bonded to the back surface of the 

target assembly using a structural adhesive during this same step. To perform this 

25 bonding step, the target assembly is partially double vacuum bagged to isolate the 

solder bonding process from the structural bonding process. One (the lower) 

vacuum bag configuration (system) is anacbed to the backing plate and encloses 

only the target material to be solder bonded to the backing plate. The second (the 

upper) vacuum bag configuration (system) gene.rally encloses the lower bag 

30 system, the backing plate, the finned cover, and the electrical insulating sheet and 

6 
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provides a pass through gas connec;tion to the: lower vacuum bag. An epoxy based 

sttuctural adhesive laminate placed between the backing plate and finned cover 

plate and between the finned cover plate and the electrical insulation sheet bonds 

these layers together. 

5 The vacuum bags are first evacuated ~ the autoclave pressure is increased 

to approximately 15 psi above atmospheric. The vacuum bags are then backfilled 

with a ·moisture-free inert or oxygen absorbing gas to approximately one 

atmosphere to eliminate the possi'bility (in the event of bag failure) that a vacuum 

system evacuating the bag will suddenly receive high pressure gas from the 

10 . autoclave enviroomcnl The autoclave pressure is then increased to provide the 

desired pressure on the unbonded target assembly layers. The assembly is then 

heated and cooled accmding to a predefined procedure. 

A variation of this method is to solder bond the target to the backing plate 

first. then euclose the whole assembly in a vacuum bag system and cure the 

15 structural adhesive bonded pieces in an autoclave while, al the same time, stress 

relieving and flattening the target backing plate sub-assembly. 

In another variation of this method, the target is solder bonded in the 

autoclave first. then the cover to bold the cooling fluid is attached by means of 

fasteners sealed by gasket type (preferably 0-ring) seals. 

20 A second method according to the invention, involves construction and 

closure of the void fonning the cooling fluid passages in the backing plate and 

cover assembly. The backing plate includes a recess to receive the cover 

configured to fit in the receu. The cover and backing plate are joined by laser 

welding around the edge between the recess and the cover and by S)X)t or seam 
25 welding across the field of the cover at generally regularly spaced locations 

conesJX111ding to the ends of fins (or walls between grooves) in the finned backing 

plate. A variation would be to use electron beam welding (a low input of heat to 

avoid material distortion due to welding is desired). The target material can then 

be solder bonded to the welded assembly by a) solder bonding the target to the 

30 welded backing plate using a single vacuum-bagged autoclave procedure, orb) 

7 
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solder bonding the target to the welded backing plate first, then enclosing the 

whole assembly in a vacuum bag to stress relieve and. flatten the target assembly in 

the autoclave. 

5 Brief Descrjmion of the Drawinrs 

Figure 1 is a pei spective view of a simplified sputtering chamber system 

using a sputtering target assembly 40 fabricated according to the invention; 

Figure 2 is a plan view of a target side of a sputtering target assembly 

according to the invention; 

10 Figure 3 is a side cross-section view of Figure 2 taken at 3-3; 

Figure 4 is a side cross-sectional exploded view showing one embodiment 

of the layers of material involved in assembling a target assembly such as the one 

shown in Figure 3; 

Figure S is a side cross-sectional exploded view showing a second 

15 embodiment of layers of material used in assembling a target assembly such as the 

one shown in Figure 3; 

Figure 6 shows a close-up view of the assembled target assembly as 

pictured in Figure 3; 

Figure 7 shows a panel of target material consisting of three tiles used with 

20 the sputtering target assembly acoonling to the inventioo; 

Figure 8 shows a tape a) wrapped around the tiles to cover the joints 

between the tiles of the target panel, and b) .covering the target side of the tiles of 

Figure 7; 

Figures 8A and SB show a pre-assembly penpective view and a final 

25 configuration cross sectional view of a joint between adjacent tiles as shown in 

Figs. 8, 9 and 10; 

Figure 9 shows the assembly of the target panel of Figure 8 on a base plate 

according to the invention; 

Figure 10 shows a pei spective view of the assembled sputtering target 

30 assembly of Figure 9; 

8 
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Figure 11 shows a partial cutaway view of a bottom of a target backing 
plate utilizing two welded cover panels covering the cooling passage void in the 
backing plate; 

Figure 12 shows a cross-section of Figure 11 taken at 12-12; 
S Figure 13 shows a target backing plate having the cooling passage void 

covered by a single cover plate; 

Figure 14 shows a close-up cross-sectional view of typical welds at the 
edge of the cover plate and along the tops of the fins for finned backing plate 
assemblies with welded cover plates as shown in Figures 11, 12, 13, and IS; 

10 Figure IS shows another embodiment of a target backing plate with two 
separate cover plates; 

Figure 16 shows an overall side cross-sectional view of the material layers 
used to envelope and create bags around the target assembly being processed in an 
autoclave; 

15 Figure 17 shows a simplified perspective view of the layers of Figure 16, 
but not showing gas connection fibings; 

Figure 18 shows a plan view of the polyamide tape layer on the baddng 
plate sunounding the target matc:ria1 used when processi11g the target assembly 
according to the invention; 

20 Figure 19 shows a side cross-sectional view of the items of Fi~ 16 in 
position for processing; 

Figure 20 shows a close-up view of the material layers of Figure 19 
surrounding the gas fitting 92; 

Figure 21 shows a close-up view of the edge seal of the outside bag shown 
25 in close proximity to the gas fitting 90; 

Figure 22 shows a configuration for providing thermocouple wiring into the 
vacuum bag enclosures to monitor the temperature of the target material and/or 
backing plate; 

Figure 23 is a side view of a typical gas fitting connection through a 
30 barrier film of a vacuum bag; 

9 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 399 of 1543



• W0"'2J085 
PCT/1JS9S/Ol089 

Figure 24 is a side cross-sectional exploded view of a single vacuum bag 

bonding system according to the invention; 

Figure 25 is a side Cl'OSS-'sectiooal view of the material layers of Figure 24 

ready to be bonded according to the invention; 

5 Figure 26 is a plan view of the sputtering target assembly as pictured in 

Figure 9; it clearly shows one example of the possible locations for gas 

connections to the gas barrier layers of the vacuum bags; and 

Figme 27 is a peupective view showing a typical configuration of a gas 

connection through the outer (upper) bag barrier to the inner (lower) bag barrier of 

10 the dual bag configuration as pictured in Figures 16, 19, 20, and 26. 

Detailed Deg• iption 

Figure l, as discussed above, shows a sputtering proces.<J system which uses 

a sputtering target assembly 40 fabricated according to the invention. 

15 A gcoe:ral configuration of an embodiment according to the invention is 

shown in Figure 2. The integrated sputtering target assembly 40 is shown in plan 

view with its target side up. 1be sputtering target material 48 is bonded to the 

backing plate SO. Bonds can be made by soldering, diffusion bonding, or other 

techniques which provide and maintain satisfactory bonds between dissimilar 

20 metals at process temperatures. 1n other instances (e.g .• aluminum or titanium) 

the target 48 and baclcing plate 50 may be a monolith of a single material 

requiring no bonding. In general, it is preferable to machine, grind, lap and 

polish the target side of the backing plate to form a highly polished vacuum 

sealing surfac.e 77 (preferably polished to a surface finish of 811in (0.201-lm) Ra, a 

25 mirror finish), on the backing plate border 78, circumscribing the target area prior 

to bonding the target material 48. This surface 77 provides an exceptional 

leak-tight seal when an ()..ring is placed against it. The backing plate SO includes 

inlet water fitting ports 67 and 68, outlet water fitting ports 69 and 71, and a 

rough vacuum port 75 which are preferably machined into the backing plate 50 

30 prior to bonding according to the invention. 

10 
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Figure 3 is a cross·sectionaJ view of Figure 2 taken at 3-3 showing target 
material 48 attached to backing plate 50 which, in tum, is attached to a finned 
cover plate 52 which is covered on its outside surface.by an electrical insulating 
sheet 54. 

5 Figure 4 is an exploded view of an embodiment of the configuration as 
typically shown by Figure 3 showing a first structural adhesive laminate (i() 
disposed between the electrical insulating sheet S4 and finned cover plate 52. The 
first adhesive laminate (j() is trimmed to match the outline of the finned cover plate 
52 to bond the iostdating sheet S4 to the cover plate 52. A second layer of 

l 0 structural adhesive laminate 58 is disposed between the top of the finned cover 
plate 52 and the back of the backing plate SO. The second laminate layer 58 bas 
been trimmed (typically suspended from a carrying screen or mesh not shown) to 
match the surface pattern of the top of the fins 59 of the cooling passages so that 
only the surfaces intended to be in contact with each other are bonded (i.e., the 

15 top of the fins 59 and the border of the fumed side of the cover plate 52). A 
solder layer 56 consisting of solder-matcria.J strips 0.010 .. -0.020'" (0.25 
mm-0.Slmm) thick is disposed between the target material 48 and front of the 
backing plate SO. The solder layer S6 may also be formed by pre-wetting the 
target mat.erial 48 and front of the backing pJate SO using other means such as a) a 

20 bot plate to dip the surfaces to be bonded in a pool of solder, b) brushing on the 
solder over the surfaces to be bonded, or c) sputter coating the siirfaces to be 

· bonded with a solder layer. 

Figure Sis an exploded view of another configuration as typically shown 
by Figure 3 showing another embodiment according to the invention. ln some 

25 instances, to improve surface adhesion or wetting prior to attempting to make a 
solder bond, the surfaces to be solder bonded can be cleaned by sputter etching 
(bombarded with ions), and one or more layers of sputter coating material 65 can 
be sputter coated (deposited) onto the bonded side of the target material 48 and the 
backing plate SO to pre-wet or tin their surfaces in preparation 'for soldering. 

30 Another less reliable procedure involves conventionally pre-wetting the surfaces to 

11 
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be solder bonded and scuffing the wetted solder prior to bonding to remove 

surface oxides. Once the surfaces to be bonded are tinned (pre-wetted), solder 

mat.eria1 strips S6, e.g. pure indium, and spacers 63 (e.g., pre-wetted 

0.001 "-0.010" (0.02Smm-0.25mm) diameter copper wires) are positioned between 

5 the target material 48 and the backing plate 50 in preparation for solder bonding. 

Figure 6 shows a close-up of a cross-section of Figure 3 near its edge 

consisting of the layers as shown in the embodiment of the invention shown in 

Figure 5. The backing plate .50 is a rectangular monolith, as generally described 

above, having a tap target sutface and a back surface. The top target surface, 

· 10 after having been sputter coated with an adhesion layer, can be wetted by 

sputtering pure indium on the backing plate 50 made of, for example, titanium. A 

target matcria1 48 made· of, for example, indium-tin-oxide (ITO) is also coated 

with an adhesion layer and can be wetted with a coating (e.g., pure indium) on its 

back surface. A series of alternating strips of solder .56 (e.g., strips 

15 0.010 .. -0.0'20" (0~25 mm-0.Slmm) thick of pure indium) and spacer 63 (e.g, 

pre-wetted O.OOS"-0.010 .. (0.13mm-0.25mm) diameter copper wires) are 

positioned between the target material 48 and the backing plate 50. While a series 

of alternating space.rs 63 and solder regions S6 with a high concentration are 

shown in Figure 6, such a high frequency of spacers 63 is not required. The 

20 spacers 63 provide a vertical spacing (preferably approximately 0.010· (0.25 mm)) 

so that after bonding of the target plate 48 to the backing plate 50, a spacer 

thickness solder joint is maintained. This extra thickness of the solder joint allows 

the solder material to readily plastically yield when subjected to a clamping 

pressure during the solder cooling cycle. The solder yielding avoids excessive 

25 distortion of the surface of the target material 48 due to a differential tberma1 

expansion. Without spacers 63, the solder joint would have a much reduced 

thickness, e.g •• less than o.oos· (0.13 mm), and thickness uniformity could not be 

controlled. Also, the excess solder from the thicker solder strips permits the 

surface oxide, which floots over the molten solder, to be forced out of the joint 

30 resulting in excellent solder bond coverage. 

12 
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The finned cover plate .52 is covered with a layer of structural adhesive 

laminate 58 which has been trimmed with, for example, a razor blade to match the 

top of the expoSed surfaces which will contact the back side of the backing plate 

50. When the structural adhesive laminate 58 is cured, a good bond will create a 

5 tight seal between the cooling passages of the finned cover plate 52 and the 

backing plate 50. Thorough bonding of the ends of the fins of the cover plate 52 

to the backing plate 50 will prevent ballooning of the cooling passages when 

cooling liquids under pressure are introduced into the cooling passages. An 

electrical insulating sheet S4 is bonded to the backside of the finned cover plate 52 

10 by a structural adhesive laminate ro similar to the structural adhesive laminate 58 

used for the bond between the finned cover plate 52 and the backing plate SO. 

Figures 7, 8, 9, and 10 provide easy visualb:ation of the steps taken to 

position a multi-tiled l3rget material (e.g., ITO) to be bonded to a backing plate SO 

made of a material (e.g., titanium) with qualities compatible with the sputtering 

15 larget material. As shown in Figure 7, because indium-tin-oxide is difficult to 

produce in large plates, when large plates of ITO are needed for sputtering, 

several tiles 49a, 49b, 49c are positioned adjacent to one another to provide full 

coverage for sputtering. 1bc tiles are held adjacent to one another by an assembly 

frame (not shown). Jn Figure 8 the edges of the tiles and the target side of the 

20 tiles are covered with a high temperature polyamide flash breaker tape 43 to 

prevent the solder from wetting these surfaces. Also, the flash breaking tape 43 

facilitates removal of solder material from the spaces between the panels thereby 

avoiding solder contamination when sputtering the finished target assembly 40. 

Fig. SA shows each tile's perimeter edge wrapped with polyimide tape 43a, 

25 43b having a width equal to the thickness of the tile. The tiles (e.g. 49a, 49b) are 

placed adjacent to one another with a shim 45 maintaining the space between tiles. 

A joint forming flash breaker tape 43z is laid across two adjacent tiles 49a, 49b 

whose edges have been taped with polyamide tape 43a, 43b. 

Fig. BB shows the tiles 49a and 49b positioned in a plane ready to be 

30 mounted on the backing plate SO. A joint shim 47 positioned between tiles 49a, 

13 
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49b maintains uniform spacing between tiles as the joint forming flash breaker 

tape 43z is bent around the joint shim 47 to a position where the tiles arc adjacent 

to one another in a plane. Typically the thickness of the tape ·43a, 43b, and 43z is 

0.003• (0.076mm). Four layers of this tape, as seen in Figure SB, provide a 

5 built-up thickness of O.Oll9 (0.30mm). Since it is desired that the final space 

between tiles be O.Ots•-0.020• (0.38-0.Slmm) when all tape and shims are 

removed, the thickness of the shim 47 should be between 0.003· and o.oos· 
(0.076" and 0.20mm). 1be shim 47 can be held in place until soldering is 

complete to assure unifonn spacing between tiles. The height of the shim 47 is 

10 typically approximately 0.003• (0.076mm) less than the thickness of the tile. 

Once soldering is complete the shim 47 and all tape layers (43z, 43a, 43b) are 

removed to leave a 0.015•-0.0'20• (0.38-0 • .Slmm) gap. Sputtering does not occur 

in this gap as it acts as a dark space shielded from the effects of sputtering. 

Wetting or tinning of the back of the tiles 49a, 49b, and 49c can also take 

15 place, if necessary, at this ti.me. A frame around the tiles is used to align and 

handle them before soldering takes place. 

As can be seen in Figure 9, the iargct backing plate is prepared by 

positioning a series of solder panels 56 and spacers 63 adjacent to one another 

such that when the pands 49a, 49b, -49c are positioned over the solder panels (or 

20 strips) 56a and spacers 63 and heat is applie.d, the solder strips 56a will melt and 

solder will readily flow and bond the backing plate 50 to the target panel material 

48 consisting of the tiles 49a, 49b, and 49c. Figure 10 shows the three-tile ITO 

target material 48 in position on the backing plate 50. The same process can be 

performe.d for monolithic target materials without joints. The number of spacers 

25 63 and solder material strips 56 shown in Figure 9 is representative of the kind of 

spacing that is expecu:d to be needed in order to maintain a generally uniform top 

surface without e:l.CCSSive deflection of the target material in the face of a uniform 

clamping pressure exerted by an autoclave. In the case of each pictured ITO tile 

(49a. b, c), the outer two spacers 63 would act as a bridge across which the tile, 

30 for example 49a, would span and clcflecL Excessive deflection is not acceptable. 

14 
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Therefore a middle Spacer is provided. F~ adjustments to the configuration 

can be made based on empirical measurements as needed. 

A structural configuration for a finned backing plate SQa without epoxy 
cured bonds is shown in Figure 11. The finned backing pJates SOa, SOb, SOc as 

5 shown in Figures 11, 12, 13, 14, and 15 include cover receiving recesses as, for 

example, can be seen in Figure 14 ext.ending down from the top surface in the 

finned area. The cover pJates 53a, b, c, ~. or e match the size and thickness of 

the receu covering the cooling passages and fins S 1 dividing and directing the 
cooling liquid flow from the inlet cooling pamge openings to the outlet cooling 

10 passage openings. Figure 11 shows a two-piece cover, S3a and 53b, each panel 

symmetrical to the other along their common edge. Two separate cooling passage 
cavities are provided. :Each cooling passage cavity and cover plate is separately 

welded by an edge weld (for example, 78) and a seam weld or a series of 

intermediate plug (or spot) welds 80 regularly located along the top of the fins S 1 

lS and the intermediate barrier SS between adjacent cavities, although, it is possible 

to weld only some of the fins. Typically a scam weld is provided on the top of 

each fin 51. The finned plale SOa also includes a rough vacuum port 7S, a power 

interlock port 74, and a power attachment fixture 76. 

Figure 12 provides a cross·section of Figure 11 taken at 12-12. 

20 Figure 13 provides an alternate configuration for a finned backing plale 

using a one--piece cover plate 53c. A welded finned backing plate 50b and cover 

53c form a set of cooling fluid passages. A reces.s is made on the backing plate 

50b to accept the thin cover 53c to hold the cooling fluid and all scams are welded 
shut. The one piece cover plate S3c is welded around its perimeter by a weld 72 

25 and on the top of each fin, from end to end, by a seam weld 70. 

Figure 14 is a close-up cross-sectional view of Figures 11, 13, and 15 

showing typical weld locations and con.figurations. 

Figure 15 shows an alternate configuration of a finned backing plate 50c 
where the cooling passages are separated by a thicker intermediate wall than in the 

30 prior embodiments, and are covered by separate cover plates 53d and .S3e. A 

IS 
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perimeter wdd 61 now also passes down the center axis of the finned backing 

plate 50c. Seam welds 62 are provided on the top of each cooling-passage fin. 

Seam welds are made over the fins to prevent the cover S3c from ballooning under 

pressure. 

5 When using a backing plate (i.e .• SOa. SOb. or 50c) of a weldable 

aluminum (e.g .• aluminum alloy 0061). the recommended material for the thin 

cover (i.e .• 53a. 53b. 53c, 53d, or 53e) is a Silicon rich (99'-139' Si) aluminum 

alloy (e.g., aluminum alloy 4047 containing 119'-13 9' Si, an aluminum alloy used 

in the hybrid-package industry). Silicon rich aluminum is used to prevent 

10 fractures in the thin cover along the heat affected :woe of the welds. 

Commercially pure titanium backing plates are welded to a thin cover of the same 

alloy. 

The preferred method of bonding the sputtering target assembly involves 

vacuum autoclave pressure bonding using two bags. Figure 16 is an exploded 

IS view showing the different layers included in a two vacuum (flexible) bag system 

configuration for bonding the target assembly. Figure 17 is a pe1spcctive view of 

the items of Figure 16 without showing the gas connectors. A bead of vacuum 

bag sealant 98, e.g., General Sealants, Inc. part no. 213 which is a 

· high-temperature (350.F or ln·q synthetic rubber tape, is attached to a tool (or 

20 support) plate 79. A sheet of non-perforated release film 100 is laid inside the 

area enclosed by the sealant 98 and is used to prevent the part (the sputtering 

target assembly 40) from bonding to the tool plate 79._ Examples of the release 

film 100 are Airtech International, Inc. part no. Wrightlease 5900, a 

high-temperature PTFE release film used up to 650.F or 340°C, or Wrightlon 

25 5200 Blue, a fluorocarbon release film used up to 450.F or 230·c. 

The sputtering target assembly 40 is assembled as in unbonded sandwich 

according to Figure 16, with the side edges of the insulator sheet 54 wrapped with 

a flash bre.akcr tape 49, the edges of the finned cover plate 52 wrapped with a 

flash breaker tape 44, the edges of the backing plale SO wrapped with a flash 

30 breaker tape 42, and the backing plate border 78 up to the edge of the target 

16 
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material 48 masked with a polyamide high-temperature tape coating 46. A plan 

view of the border coating 46 is shown in Figure 18.· 

Examples of flash bmlker tapes that may be employed are the high tensile 

polyester films of fully cured silicon adhesive marketed by Airtech International, 

5 Inc. as Flashbreaker l, 2, 5, the numerical designations referring to the thickness 

of the film (1, 2, and S mils thick respectively), and rated up to 400"F (205"C). 

Examples of polyamide tapes to mask the target material are manufactured by 3M 

under Scotch• brand 5413 and 5419 (low static) rated up to SOO"F (260"C). 

The assembled sputtering target assembly 40 is then placed over the release 

10 film 100 lying on the tool plate 79. 

To form the lower vacuum bag system, a bead of vacuum bag sealant 102 

is laid over the tape coating 46 covering the border of the backing plate SO (target 

side). General Sealants, Inc. part no. 213 may be used; however, General 

Sealants, Inc. manufactures a variety of vacuum bag sealants rated by tackiness, 

15 ability to remove clean after bonding, and temperature, whose use might be 

explored. 

Inside the area enclosed by sealant 102, a release film 104, a bleeder film 

106 and a breather mat 108 are laid over the target material 48. 

Examples of the release film 104 that may be used arc oil-free aluminum 

20 foil per ASTM B479 and uncoated polyamide film. These release films are used 

to protect the target surface from contaminants and to prevent bonding of the other 

films. 

Examples of the.bleeder film 106 arc marketed by Airtech International, 

Inc. under Release Ply A and B, which are beat set and scoured uncoated nylon 

25 fabrics that can absorb excess bonding material. Their counterparts, Bleeder 

Lease A and B, are not used here in order to prevent contamination from a release 

agent used in these films. 

Examples of the breather mat 108 are marketed by Airtech International, 

Inc. under Airweave N7 (a 7-oz. polyester breather and resin absorber) and 

30 Ultraweave 715 (a nylon 6-6 non-woven breather that does not seal off on 

17 
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3SO"F/177"C cures). The breather material is required to facilitate nearly 

complete air evacuation from the vacuum bag. 

Vacuum fitting bases 120 are laid over the breather mat 108 near the 

border of the backing plate SO (see Figure 26 for a plan view of the locations of 

5 the gas connections). Nylon bag film 110, extending beyond the peripheries of a) 

the n:Iease and bleeder films 104 and 106, and b) mat 108, is laid over the 

assembly and pressed again.st vacuum sealant 102 to complete the lower vacuum 

bag system. Holes are made in the nylon bag film 110 to mate the vacuum fittings 

92 and 94 to the bases 120. 

10 Examples of nylon bag film 110 are marketed by Airtech International, Inc. 

under KM1300 rated 390"F/199"C and Wrightloo 7400 rat.ed at the same 

temper.uure. These nylon films exhibit 300'.l> + elongation at break which allows 

the films to conform to the shape of the part without bridging, which can cause the 

bag to rupture and defeat the necessary pressure differential. Alternatively, a 

IS reusable silicon sheeting bag marlcetcd by, for example, Zi~Vac, Inc., may be 

substituted for the vacuum bag film. 

A typical vacuum fitting, e.g. 90 as shown in Figures 16, 21, and 23, is 

comprised of a base 120, and an upper assembly comprised of a seal 136 attached 

to a pressure plate 138, a male quick disconnect fitting 140, and a centrally 

20 located T-shaped pin 144 extending downwardly. The pin 144 of the upper 

assembly extends through a bole in the base and the arms of the pin engage 

opposite circular ramps on the bottom of the base as the upper assembly is twisted 

to tighten and seal the fitting 90 to the bag film 110. 

The lower vacuum bag system is covered and enclosed with an upper 

25 vacuum bag system comprised principally of a release film 112, a bleeder film 

114, a breather mat 116 and a vacuum bag film 118. The release and bleeder 

films 112 and 114, and the breather mat 116 extend beyond the periphery of the 

target asxmbly 40 but are laid inside the area enclosed by the bag sealant 98. 

An example of release film 112 that may be used is marketed by Airtech 

30 International, Inc. under Release F.ase 234 TFP, a porous release coated fiberglass 

18 
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film rated at 5SO.F/285"C that will, according to the manufacturer, release from 
all commercial resin systems. 

Examples of a bleeder film 114 are Release Ply A and B or Bleeder Lease 

A and B previously discussed. 

5 Examples of a breather mat 116 are Airweave and Ultraweave 715 

previously discussed. 

Examples of a nylon bag film 118 are KM1300 and Wrightlon 7400, or the 

reusable silicon sheeting bag previously discussed. 

During assembly of the upper vacuum bag system, bases 120 for the 

l 0 fittings 90 and 96 are laid over the breather mat 116 away from the side of the 
sputtering target assembly 40 (see location pictured in Figure 26), and nylon bag 

film 118 is Jaid over the assembly and pressed against vacuum bag sealant 98 to 

complete the upper vacuum bag system. Holes are made in the nylon bag film 
118 to mate the fittings 90 and 96 to the bases 120. 

15 Holes are provided in the upper bag system to allow the gas connections 
from the Jower bag system to pass through the upper bag system while maintaining 
a separation between the upper and lower bag systemS.. Beads 119 and 121 

(identified as 146 in Figure Z7) of vacuum bag sealant (e.g., items 98 and 102 
described above), applied inside the periphery of each opening, seal the openings 

20 and can expose the lower bag system around the gas fittings 92, 94 to the 

autoclave 88 pressure. 

The tool plate 79 and attached elements are then placed into an autoclave 
88 enclosure and the vacuum and gas supply fittings 81, 83, SS, 87 are connected. 
For example, vacuum disconnect fitting 87 connects to the male fitting 96 to pull a 

25 vacuum on the upper bag. Vacuum femaJe fitting 81 cOnnccts to male fitting 90 to 

backfill the upper vacuum bag system with clean dry nittogen when the autoclave 
pressure reaches approximately 1 atmosphere. 

Figure 19 is a cross-sectional view of the double bagged layup (sandwich) 
after vacuum bas been pulled inside the bags. All layers are now fully compressed 

30 against the contours of the sputtering target assembly (i.e., the part to be bonded); 

19 
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no bridging exists. The sputtering target assembly 40 is disposed between a 

.. Blanchard• ground tool plate 79 (to maintain flatness) and the double bagged 

vacuum system. Figures 20 and 21 provide a detailed close-up view of the 

features of Figure 19. 

5 The autoclave 88 consists of a pressure vessel equipped with an internal 

heater and fan (not shown). The fan helps maintain a nearly constant fluid 

temperature inside the autoclave. Thermocouples 142 attached to the part 40 and 

temperature controller (not shown) located outside the autoclave. This controller 

10 cycles the beater on and off in order to reach the desired temperature. The 

autoclave is pressurized by pumping nitrogen using a comp1essor (not shown) also 

located outside the autoclave. Vacuum lines,. attached to a vacuum pump(s), enter 

the autoclave walls t.hrougb sealed portS and provide vacuum to the bag(s) system. 

Similarly. gas lines, attached to gas bottle(s) on one end, enter the autoclave walls 

15 through sealed ports and arc used to backfill the vacuum bag(s) system. 

The autoclave .. pn:ss .. principle is to maintain a pn:ssurc differential, while 

heating or cooling, between the part 40, which stans under vacuum, and the 

outside atmosphere, which is at the autoclave pressure. 1be part 40, supported on 

one side by the tool plate 79, is subjected to a uniform autoclave pressure pressing 

20 against the vacuum bag; When the autoclave pressure reaches about 15 psi above 

atmosphere, enough pressure difference exists across the vacuum bag, vacuum 

pumping is stopped and the vacuum bag is backfilled with, for example, clean, dry 

nitrogen to avoid ingress of moist air or contaminants inside the bag. Alternately, 

a reducing, oxygen absorbing gas (i.e .• caJbon monoxide) can be used to eliminate 

25 the possibility of oxidizing pans at elevated temperatures. The autoclave pressure 

will continue to rise to the bonding pressure recommended by the specifications 

for use of the structural adhesives. The external side of the vacuum bag is 

pressurized at the autoclave pressure, for example 60 psi or whatever pressure is 

recommended, while the inside of the bag is maintained at atmospheric pressure 

30 ( -15 psi). This pressure differential creates the pressure necessary to maintain 

20 
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the parts to be bonded in intimate contact while the adhesive is curing. Usually, 

when the recommended cwing pressure is reached, the autoclave will then be 

heated to the reoommendcd curing temperature of the' adhesive. For example: 

1) Cytec Engineered Materials, Inc. which manufactures Cybond EF-9500 

5 recommends a cure cycle having a 30 minute ramp at 6 •p (3.3 • C) per minute to 

go from ambient to 250"F ±S"F (120"C ±3*C), then holding for 90 minutes at 

250"F ±S*F (120"C ±3"C) while the pressure is maintained at 60 psi ±5 psi 

(0.28 MPa ±0.03 MPa). 

2) 3M Aerospace Materials which manufactures AF-191, a modified epoxy 

10 structural adhesive film, recommends a 4*F to s·p (2*C to 3°C) per minute 

temperature rise to the cure temperature of 350°F ±S"F (177"C ±3°C), then 

holding for 60 minutes at 350"F ±S"F (177°C ±rC) while the pressure is 

maintained at 45 psi ±S psi. 

Preferably, parts are to be cooled below t60°F (7l 0C) before removing 

15 from the autoclave 88 or venting to atmosphere. 

The structural adhesive film and the components comprising the double 

bagged vacuum system are sdrrted to withstmd the melting point of the solder. 

For example, when indium solder is used (melting point of 1S6 • C), the adhesive 

system is selected to withstand up to 350°F/177°C cure. Also, the vacuum bag 

20 components are selected to withstand 350"F/177"C, a temperature sufficiently 

high to ensure melting of the solder material. 

Using a double bagged vacuum system. the wget assembly 40 is fabricated 

by solder bonding and structural epoxy bonding in a single autoclave run. The 

manufacturer's cure procedure for the adhesive film is modified to accommodate 

25 the soldec process. For example, when using indium solder and the 11txwe 

described Cybond EF-9SOO structural adhesive, the autoclave is heated at a rate of 

6.F (3.3°C) per minute to go from ambient to 3.SO"F ±5"F (177.C ±3"C). This 

temperature will be maintained for approximately one minute to insure melting the 

indium solder strips 56 (shown in Figure 9). The autoclave is then cooled at a 

30 rate of approximately 9"F (5.C) per minute to 25o•p ±5.F (120.C ±3"C) to 
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freeze the solder, then held for 00 minutes at 250"F ±5"F (120·c ±J9C) to fully 

cure lhe structural adhesive. The pressure is maintained at 60 psi ±5 psi (0.28 

MPa ±0.03 Mpa) during the entire heating and cooling cycles. The lower 

vacuum bag system enclosing the solder is purged with a reducing gas (i.e., 

5 carbon monoxide) to help reduce or eliminate the presence of oxygen and to 

improve the solder joint integrity (i.e., to avoid formation of indium oxide in the 

molten solder). In order to minimize oxidizing the solder, the solder strips'56, 

spacers 63, target material 48 and backing plate SO (sides to be bonded only) are 

stripped of surface oxides and maintained in an inert gas atmosphere during the 

10 layup process. Other techniques such as ion bombardment (remove surface 

oxides) foJlowed by sputtering a thin layer (one or two monolayers) of, for 

example, carbon may also be used. The carbon layer can react with oxygen to 

form a gas that can be pumped by the vacuum system attached to the lower 

vacuum bag. 

15 Vacuum male fitting 94 (attached to the lower vacuum bag system) and 

vacuum female fitting 85 (attached to male fitting 94 and to a hose which exits the 

autoclave 88 and attaches to a line that splits into two valved lines - one going to 

a vacuum pump and the other to a vent) connect to the lower vacuum bag system 

enclosing the target material 48, a portion of the backing plate 50, and the solder 

20 material S6 disposed between them (refer to Figure 5). Similarly, mating fittings 

92 and 83 connect to a valved gas supply outside the autoclave 88. Although not 

shown, more than one set of vacuum lines may be attached to each vacuum bag 

system to increase vacuum pumping or purging of the bag. 

Vacuum male fitting 96 (attached to the upper vacuum bag system) and 

25 vacuum female fitting ff1 (attached to male fitting 96 and to a hose which exits lhe 

autoclave and attaches to a line tliat splits into two valved lines - one going to a 

vacuum pump and the other to a vent) connect to the upper vacuum bag system 

enclosing a) the target backing plate assembly (enclosed by the lower vacuum 

bag), the finned cover S2 and the adhesive 58 disposed between them; and b) the 

30 finned cover 52, the dectric:al insulating sheet S4 and the adhesive (JO disposed 
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between them. 

When the pn:::ssure in the autoclave 88 reaches 15 psi (for reasons 

previously described), the valves to the vacuum pump(s) are closed and the valves 

to the gas lines are opened to bring the pressure inside the vacuum bag to 

5 approximately 15 psi or 1 atmosphere of the appropriate gas. i.e., an inert or 

oxygen-absorbing (getter) gas. When pressure inside the vacuum bag reaches 

approximately 1 atmosphere, the vent valves on the vacuum pump hoses are 

opened once and then closed to purge the vent lines and leave the vacuum bags 

saturated with the vent/purge gas. 

I 0 For example. carbon monoxide gas may be introduced into the Jower 

vacuum bag system via a hose attached to female fitting 83 which attaches to male 

fitting 92. As previously discussed. carbon monoxide is used here to absorb free 

oxygen and to maintain the cleanest possible environment for the solder bond. 

Clean. dry nitrogen is introduced into the upper vacuum bag system via a hose 

15 attached to female fitting 81 which attaches to male fitting 90 to avoid ingress of 

moist air or contaminants while the structural adhesive laminates cure. 

Figure 22 shows an example of routing a thermocouple wire 142 through 

the bag seal 98 of a vacuum bag system barrier film 118. Typically at least two 

thermocouples are provided to each target assembly in an autoclave 88 and the 

20 temperamrc of the target material 48 serves as input to the temperature controller 

to cycle the autoclave heater on and off. 

Figure 23 shows a side view of a typical male fitting (i.e., items 90, 92, 

94, and 96) connection through a barrier film of a vacuum bag (i.e., items 110 or 

118). Using, for example, a razor blade, a hole is made on the vacuum bag to 

25 permit pin 144 extending downwardly to engage the base 120. A seal is made by 

the rubber seal 136; however, leaky connections are often repaired by sealing the 

connection using vacuum sealant (e.g., items 98 or 102.) 

Figure 24 is an exploded view showing the different layers comprising a 

single vacuum bag system. Vacuum bag sealant 98 is pressed. against tool plate 79 

30 (it will later form a vacuum seal with the nyJon bag film 118). The assembled 
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sputtering target assembly 40 is placed over the release film 100 lying on the tool 

plate 79 and enclosed by the sealant 98. A release film 112, a bleeder film 114 

and a breather mat 116 are laid over the sputtering target assembly 40. Vacuum 

fitting bases 120 are laid over the breather mat 116 away from the sputtering 

5 target assembly 40, and nylon bag film 118 is laid over the assembly and pressed 

against vacuum sealant 98 to complete the vacuum bag system. Holes are ma.de in 

the nylon bag film 118 to mate the fittings 90 and 96 to the bases 120, all similar 

to the two bag system described above. 

Figure 2S is a cross-sectional view of a single bagged vacuum syst.em layup 

10 described in Figure 24 after vacuum bas been pulled in.side the bags. A double 

bagged system is useful for solder and epoxy bonding in a single autoclave run; 

but a single bagged system is useful for: (a) enclosing the whole assembly in a 

vacuum bag system to cure the adhesive bonded surfaces in the autoclave 88 

while, at the same time, stress relieving and flattening the previously soldered 

15 target/backing plate sub-assembly; (b) solder bOndmg the target/backing pJate 

sub-assembly in the autoclave first; the cover to bold the cooling fluid may be 

attached later by means of fasteners sealed by 0-ring seals; (c) solder bonding the 

target/backing plate sub-assembly in the autoclave after a finned backing plate and 

cover which holds the cooling fluid have been welded (e.g., laser or electron beam 

20 welded); or (d) solder bonding a new target material 48 to refurbish a target 

assembly 40 ("backing plate• recycle method) fabricated by any of the previously 

described methods. 

Figure 26, as discussed above when discussing Figure 16, shows the 

location of the sputtering target assembly 40 on the tool plate 79 showing the 

2S routing of the sealant 98 and 102 on the tool plate 79 and the border of the 

backing plate SO, respectively. The hoses connecting to the gas passage fittings 

81, 83, 85 and 87 are also shown. 

Figure 27. as previously discussed when discussing Figure 16, shows a 

typical opening in the barrier film 118 of the upper bag sealed by a bead of sealant 

30 146 to expose the gas connection fitting 92 to the lower bag film barrier 110. 

24 
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Autoclaving is a well-known and economical technology. Nonetheless, the 

autoclave processes described above provide a unique. dependable. and efficient 

method of producing a sputtering target assembly. It is of course possible to 

achieve the required temperature and pressure by means other than an autoclave. 

5 While the invention has been described with regard to specific 

embodiments. those skilled in the art will recognize that changes can be made in 

form and detail without departing from the spirit and scope of the invention. 

25 
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CLAIMS 

l. A method for producing a sputtering target assembly. comprising the steps 

of: 

providing the components of a sputtering target assembly assembled in an 
S unbonded sandwich, at least two layers of said unbonded sandwich being separated 

by a bonding layer; 

pressing the layers of the unbonded sandwich together using a source of 

presRJI'C which provides a generally uniform pressure distribution across the top 

and bottom surfaces of said unbonded sandwich; 

10 raising the temperature of the unbonded sandwich above a predetermined 
bonding temperature of said bonding layer while maintaining pressure on said 
layers; 

maintaining the temperature and pressure on the layers of said unbonded 

sandwich above said bonding temperature for the duration of a predetermined bond 
IS curing ume; and 

maintaining the pressure on the unbonded sandwich while the temperature 
of the unbonded sandwich falls to a predetermined process completion 

temperature. 

20 2. A method for producing a sputtering target assembly as in Claim 1 further 
comprising, 

enc1osing the unbonded sandwich in a flexible vacuum tight enclosure; 

creating a vacuum pressure within the flexible vacuum tight enclosure, thus 

forming a vacuum eocapsulated unbonded sandwich assembly; and 
2S wherein the pressing step includes pressurizing the flexible vacuum tight 

30 

enclosure and vacuum encapsulated unbonded sandwich assembly in a pressure 
chamber; and 

wherein the steps of raising the temperature, maintaining the temperature, . 

and maintaining the pressure are all performed in a pr-e$ure chamber. 
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s 

3. A method for producing a sputtering target assembly as in Claim 2, 

wherein the enclosing step includes supporting said unbonded sandwich on 

a support plate and covering and sealing the unbonded sandwich with a flexible 

vacuum tight covering sealed to the support plate. 

4. A method of producing a sputtering target assembly as in Claim 2, 

wherein the enclosing step includes a target backing plate supporting a 

target member of said unbonded sandwich on a target backing plate and sealing a 

flexible vacuum tight covering covering the target member of said unbonded 

10 sandwich to the target backing plate. 

5. A method for producing a sputtering target assembly, comprising the steps 

of: 

laminating the components of a sputtering target assembly in an unbonded 

15 sandwich on a support plate. at least two layers of said unbonded sandwich being 

separated by a bonding layer; 

covering the unbonded sandwich on the support plate with an upper flexible 

vacuum tight covering sealed to the support plate thus forming a vacuum 

encapsulated unbonded sandwich assembly; 

20 creating a vacuum pressure within the upper flexible vacuum tight covering 

over the unbonded sandwich and the support plate; 

pressurizing the support plate and vacuum encapsulated unbonded sandwich 

assembly in a pressure chamber; 

raising the temperature of the vacuum encapsulated unbonded sandwich 

25 assembly in the pressure chamber above a predctennined bonding temperature of 

said bonding layer, 

maintaining the temperature and pressure on the vacuum encapsulated 

unbonded sandwich assembly in the pressure chamber above the bonding 

temperature for the duration of a predetermined bond curing time; 

30 maintaining the pressure on the support plate and vacuum encapsulated 
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unbonded sandwich assembly while the temperature of the vacuum encapsulated 

unbonded sandwich assembly falls to a predetermined process completion 

temperature. 

5 6. A method for producing a sputtering target assembly, as in Claim 5, 

wherein the step of covering the unbonded sandwich funher includes 

covering a target material with a lower flexible vacuum tight covering and sealing 

the lower covering to a target backing plate of said unbonded sandwich inside said 

10 

upper flexible vacuum tight covering; 

wherein the step of creating a vacuum presmre includes creating a vacuum 

pressure within the lower flexi'ble vacuum tight covering over the target material 

and the target backing plate. 

7. A method for producing a sputtering target assembly, as in Claim 5, 

15 wherein the laminating stq> includes disposing a release film between the 

unbondcd sandwich and the support plate. 

8. A method for producing a sputtering target assembly as in Claim S; 

wherein the laminating step includes placing a solder material in spaces 

20 between spacer members disposed to maintain a predefined clearance between a 

sputtering target material and the backing plate when the solder melts. 

9. A method for producing a sputtering target assembly as in Claim 6; 

wherein the laminating step includes placing a solder material in spaces 

25 ·between spacer members disposed to maintain a predefined clearance between a 

sputtering target material and the backing plate when the solder melts. 

10. A method for producing a sputtering target assembly as in Claim 5 further 

comprising; 

30 wherein activity prior to the laminating step includes sputter depositing the 
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back side of a target material with a sokler material to act as tinning in preparation 
for subsequent solder bonding of said target to a backing plate when a bonding 
temperature is achieved in the subsequent step of raising the temperature of the 
vacuum encapsulated unbonded sandwich assembly. 

11. A method for producing a sputtering tuget assembly as in Claim 6; 
wherein activity prior to the laminating includes sputter depositing the back 

side of a target material with a solder material to act as tinning in preparation for 
subsequent solder bonding of said target to a backing plate when a bonding 

10 temperature is achieved in the subsequent step of raising the temperature of the 
vacuum cncapsulat.ed unbonded sandwich assembly. 

12. A method for producing a sputtering target assembly as in Claim IO; 
wherein prior to sputter depositing the back side of a target material with a 

15 solder material, the back side is sputter etched. 

20 

13. A method for producing a sputtering target assembly as in Oaim 11; 
wherein prior to sputter depositing the back side of a target material with a 

solder material, the back side is sputter etched. 

14. A method for producing a sputtering target assembly, as in Claim 7, 
wherein the step of providing the compone.nts of a sputtering target 

assembly further includes providing a breather mat film over said unbonded 
sandwich disposed between the unbonded sandwich and the upper flexible vacuum 

2S tight covering. 

15. A method for producing a sputtering target assembly, as in Claim 7, 
wherein the step of providing the components of a sputtering target 

assembly further includes sequentially providing a release film, a bleeder film, and 
30 a breather mat film over said unbonded sandwich disposed between the unbonded 
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sandwich and the upper flexible vacuum tight covering. 

16. A method for producing a sputtering target assembly as in Claim 1, 

wherein the step of providing the components includes a larget backing 

5 plate as a component of the unbonded sandwich said backing plate having be.en 

produced by a method including the stepS of: 

providing a finned target backing plate including a void forming a set of 

cooling fluid passages in said plate, said void including a series of fins, each fin 

having a top surface; 

10 putting a cover in pJace over said void; 

15 

seal welding the edges of said cover to said backing plate to seal said void; 

and 

spot or seam welding said cover to the topS of said fins in a predetermined 

weld pattern. 

17. A method for producing a sputtering target assembly, comprising the steps 

of: 

providing a finned target backing plate including a void forming a set of 

cooling fluid passages in said plate, said void including a series of fins, each fin 

20 having a top surface; 

putting a cover in place over said void; 

seal ~lding the edges of said cover to said backing plate to seal said void; 

and 

spot or seam welding said cover to the tops of said fins in a predetermined 

25 weld pattern. 

18. A method for producing a sputtering target assembly as in Claim 17, 

wherein said cover is a silicon rich (7%-14% Si) aluminum alloy. 

30 19. A method for producing a sputtering target assembly as in Claim 17, 

30 
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wherein said backing plate is a weldable aluminum alloy. 

20. A method for producing a sputtering target assembly as in Claim 17, 
wherein said backing plate and cover are a weldable titanium alloy or 

5 commercially pure titanium. 

21. A method of fabricating a sputtering target assembly, comprising the steps 
of: 

applying a bonding agent to a surface of a first of a plurality of generally 
J 0 planar panels, one of which comprises a sputtering target; 

laminating together said plurality of panels, said surface of said first panels 
facing a surface of a second of said panels. said first and second panels 
constituting a first pair of panels; 

a first step of exerting a differential hydrostatic pressure across at least 
15 some of said laminatro panels including said first pair pressing a first of said 

panels toward said second of said panels; and 

20 

25 

30 ' 

during said tint exerting step, heating said laminated panels to a first 
temperature, whereby said bonding agent causes said first pair of panels to be 
boDdod together. 

22. A method as recited in Claim 2J, wherein said bonding agent is a solder. 

23. A method as recited in Claim 22, wherein said bonding agent is an 

adhesive. 

24. A method as recited in Claim 21, wherein said plurality of panels 
comprises at least three of said panels and wherein said first exening step exerts 
said differential Jlydrosaatic pressure across only some of said panels including said 
first pair. 

3J 
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25. A method as recited in claim 24, 

wherein said bonding agent comprises a solder; and 

further comprising applying an adhesive to a third surface of one of said 

second pair of panels, said third surface facing the other of said second pair of 

5 panels; and 

wherein said first exerting step exerts said differential hydrostatic pressure 

across said first pair; and 

· further comprising: 

a second step of exerting said differential hydrostatic pressure across at 

1 O least some' of said panels including said second pair; and 

during said second exerting step, heating said laminated panels to a second 

temperature lower than said first temperature, whereby said adhesive causes said 

second pair of panels to be bonded together. 

15 26. A method as Rcited in Claim 21, wherein said diffCrential hydrostatic 

pressure is a differential gaseous pressure. 

26. A method as recited in Claim 21, wherein one of said first pair of panels 

includes a surface having grooves for forming fluid cooling channels in said 

20 sputtering target assembly. 

27. A method of Claim 1; 

wherein the sputtering target material includes tiles with one or more joints 

between them and the joints are sealed during soldering by use of a flexible tape 

25 sealed to an edge of each tile and bridging said one or more joints to prevent 

sold.er from flowing from the backing plate surface into said one or more joints. 
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AMENDED CLAIMS 
[received by the International Bureau on 12 April 1996 (12.04.96); 
original claims 1-27 replaced by amended claims 1-46 (11 pages)] 

1. A method for producing a sputtering target assembly, ·comprising the steps 

of: 

providing the components of a sputtering target assembly assembled in an 

5 unbonded sandwic~ at least two layers of said tmbonded sandwich being separated 

by a bonding layer; 

pressing the layers of the Wlbonded sandwich together using a somce of 

pressure which provides a generally uniform pressure distribution across the top 

and bottom surfaces of said wibonded sandwich; 

10 raising the temperature of the unbonded sandwich above a bonding 

temperature of said bonding layer while maintaining pressure on said layers; 

maintaining the temperature and pressure on the layers of said unbonded 

sandwich above said bonding temperature for the duration. of a bond completion 

time; and 

15 maintaining the pressure on the unbonded sandwich while the temperature 

of the unbonded sandwich falls to a process completion temperature. 

2. A method for producing a sputtering target assembly as in Claim 1 further 

comprising. 

20 enclosing the unbonded sandwich in a flexible vacuwn tight enclosure; 

creating a vacuum pressure within the flexible vacuum tight enclosure. thus 

forming a vacuum encapsulated unbonded sandwich assembly; and 

wherein the pressing step includes pressurizing the flexible vacuum tight 

· enclosure and vacuum encapsulated unbonded sandwich assembly in a pressure 

25 chamber, and 

30 

wherein the steps of raising the temperature, maintaining the temperature. 

and maintaining the pressure are all performed in a pressure chamber. 

3. A method for producing a sputtering target assembly as in Claim 2, 

wherein the enclosing step includes supporting said unbonded sandwich on a 
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3. A method for producing a sputtering~ assembly as in Claim 2, 

wherein the enclosing step includes supporting said unbonded sandwich on 

a support pla!c and covering and sealing the unbonded sandwich with a flexible 

vacuum tight covering sealed to the support plate. 

4. A method of producing a sputtering target assembly as in Claim 2, 

wherein the enclosing step includes a target backing plate supporting a 

target member of said unbonded sandwich on a target backing plate and sealing a . · 

flexible vacuum tight covering covering the target member of said unbondcd 

10 sandwich to the target backing plate. 

5. A method for producing a sputtering target assembly, comprising the steps 

of: 

laminating the components of a sputtering target assembly in an unbonded 

15 sandwich on a support plate, at least two layers of said unbonde.d sandwich being 

separated by a bonding layer; 

covering the unbonded sandwich on the support plate with an upper flexible 

vacuum tight covering sealed to the support plate thus forming a vacuum 

c:ncapsu.lated unbonded sandwich assembly; 

20 cn:aling a vacuum pressure within the upper flexible vacuum tight covering 

over the unbonded sandwich and the support plate; 

presmJrizing the support plate and vacuum encapsulated unbonded sandwich 

assembly in a pressure chamber; 

raising the temperature of the vacuum encapsulated unbonded sandwich 

25 assembly in the pressure chamber above a predetermined bonding tempcrat:ure of 

said bonding layer; 

maintaining the temperature and presnre on the vacuum encapsulated 

unbonded sandwich assembly in the pressure chamber above the bonding 

tempcrat:ure for the duration of a pn:dete:rmined bond curing time; 

30 maintaining the pressure on the support plate and vacuum encapsulated 
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6. A method for producing a sputtering target assembly, as in Claim S, 

wherein the step of covering the unbonded sandwich further includes 

covering a target material with a lower flexible vacuum tight cover and sealing the 

lower flexible vacuum tight cover to a target backing plate of said tmbonded 

5 sandwich inside said upper flexible vacuum tight cover; 

10 

wherein the step of creating a vacuum pressure includes creating a vacuwn 

pressure within the lower flexible vacuum tight cover over the target material and 

the target backing plate. 

7. A method for producing a sputtering target assembly, as in Claim 5, 

wherein the laminating step includes disposing a first release film between 

the unbonded sandwich and the support plate. 

8. A method for producing a sputtering target assembly as in Claim 5; 

15 wherein the laminating step includes placing a solder material in spaces 

between spacer members disposed to maintain a predefined clearance between a 

sputtering target material and the backing plate when the solder melts. 

9. A method for producing a sputtering target assembly as in Claim 6; 

20 wherein the laminating step includes placing a solder material in spaces 

between spacer members disposed to maintain a predefined clearance between the 

sputtering target material and the backing plate when the solder melts. 

10. A method for producing a sputtering target assembly as in Claim 5 further 

25 comprising; 

wherein activity prior to the laminating step includes sputter depositing the 

. back side of a target material with a solder material to act as tinning in preparation 

for subsequent solder bonding of said target to a backing plate when a bonding 

temperature is achieved in the subsequent step of raising the temperature of the 

30 vacuum encapsulated unbonded sandwich assembly. 
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11. A method for producing a sputtering target assembly as in Claim 6; 

wherein activity prior to the Jaminating includes sputter depositing the back 

side of a target material with a solder material to act as tinning in preparation for 

subsequent solder bonding of said target to a backing plate when a bonding 

5 temperature is achieved in the subsequent step of raising the temperature of the 

vacuwn encapsulated unbonded sandwich assembly. 

12. A method for producing a sputtering target assembly as in Claim 10; 

wherein prior to sputter depositing the back side of a target material with a 

10 solder material, the back side is sputter etched. 

15 

13. A method for producing a sputtering target assembly as in Claim 11; 

wherein prior to sputter depositing the back side of a target material with a 

solder material. the back side is sputter etched. 

14. A method for producing a sputtering target assembly, as in Claim 7, 

wherein the step of providing the components of a sputtering target 

assembly further includes providing a breather mat film over said unbonded 

sandwich disposed between the unbonded sandwich and the upper flexible vacuum 

20 tight cover. 

15. A method for producing a sputtering target assembly, as in Claim 7, 

wherein the step of providing the components of a sputtering target 

assembly further includes sequentially providing a second release film, a bleeder 

25 film, and a breather mat film over said unbonded sandwich disposed between the 

unbonded sandwich and the upper flexible vacuum tight cover. 

16. A method for producing a sputtering target assembly as in Claim l, 

wherein the step of providing the components includes a target backing 

30 plate as a component of the unbonded sandwich said backing plate having been 

36 

AMENDED SHEET (ARTIClE 19) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 426 of 1543



WO~ PCT/US9510J089 

5 

10 

produced by a method including the steps of: 

providing a finned target backing plate including a void forming a set of 

cooling fluid passages in said plate, said void including a series· of fins. each fm 

having a top surface; 

and 

17. 

of: 

putting a cover in place over said void; 

seal welding the edges of said cover to said backing plate to seal said void; 

spot or seam welding said cover to the tops of said fins. 

A method for producing a sputtering target assembly, comprising the steps 

providing a finned target backing plate including a void forming a set of 

cooling fluid passages in said plate, said void including a series of fins. each fin 

having a top surface; 

15 putting a cover in place ·over said void; 

20 

25 

and 

18. 

seal welding the edges of said cover to said backing plate to seal said void; 

spot or seam welding said cover to the tops of said fins. 

A method for producing a sputtering target assembly as in Claim 17, 

wherein said cover is a silicon rich (70/..-14% Si) aluminum alloy. 

19. A method for producing a sputtering target assembly as in Claim 17, 

wherein said backing plate is a weldable alwninum alloy. 

20. A method for producing a sputtering target assembly as in Claim 17, 

wherein said backing plate and cover are a weldable titanium alloy or 

commercially pure titanium. 

30 21. A method of fabricating a sputtering target assembly, comprising the steps 
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of: 

applying a bonding agent to a surface of a first of a plurality of generally 

planar panels. one of which comprises a sputtering target; 

locating said plurality of panels together, said surface of said first of said 

5 plurality Of panels facing a surface of a second of said plurality of panels, said first 

and second of said plurality of panels constituting a first pair of panels; 

exerting a first pressure across at least two or more of said plurality of 

panels including said first pair, said first pressure pressing said first of said panels 

toward said second of said panels; and 

10 simultaneously with exerting said first pressure, heating at least said first 

15 

and second of said plurality of panels to a first temperature at which said bonding 

agent causes said first pair of panels to be bonded together. 

22. A method as recited in Claim 21, wherein said bonding agent is a solder. 

23. A method as recited in Claim 22, wherein said bonding agent is an 

adhesive. 

24. A method as recited in Claim 21, wherein said plurality of panels comprises 

20 at least three of said panels and wherein said first pressure exerts pressure across at 

least two of said panels including said first pair. 

25. A method as recited in claim 24, 

wherein said bonding agent comprises a solder; and 

25 further comprising applying an adhesive to a third surface of one of a 

second pair of panels. said second and a third of said plurality of panels comprising 

said second pair. said third surface facing a fourth surface of said second pair of 

panels; and 

wherein said first pl'CSSW'C exerts a first force pressing said first pair of 

30 panels together; and 
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fmther comprising: 

exerting a second pressure across at least two of said panels including said 

second pair; and 

simultaneously with exerting said second pressure. beating at least said 

5 second and third of said plurality of panels to a second temperatme lower than said 

first temperature. at which said adhesive causes said second pair of panels to be 

bonded together. 

26. A method as recited in Claim 21, wherein said differential hydrostatic 
/ 

I 0 pressure is a diff ercntial gaseous pressure. 

27. A method of Claim 1; 

wherein at least one of said layers includes a set of tiles with one or more 

joints between them and the joints are sealed during soldering by use of a flexible 

15 tape sealed to an edge of each tile and bridging said one or more joints to prevent 

solder from flowing from the backing plate surface into said one or more joints. 

28. A method for producing a sputtering target assembly, comprising the steps 

of: 

20 providing the components of a sputtering target assembly assembled in an 

bonded sandwich, at least two layers of said bonded sandwich being separated by a 

bonding layer, 

pressing the layers of the unbonded sandwich together using a source of 

pressure which provides a generally unifonn pressure distribution across the top 

25 and bottom surfaces of said bonded sandwich; 

raising the temperature of the bonded sandwich to a stress relieving 

temperature of said bonding layer, 

continuing pressing the layers together and maintaining the temperature of 

said wibonded sandwich at said stress relieving temperature for the duration of a 

30 stress relieving time; and 
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10 

ts 

20 

25 

continuing pressing the layers of the bonded sandwich together while the 

temperature of the bonded sandwich falls to a stress relief process completion 

temperature. 

29. A method for producing a sputtering target assembly, as in Claim l, 

wherein during the steps of: providing, pressing, raising, and maintaining 

the temperature; said components are exposed to a substantially inert gas 

environment 

30. A method for producing a sputtering target assembly, as in Claim 1, 

wherein during the steps of: providing, pressing, raising, and maintaining 

the temperature; said components are exposed to a substantially moisture free and 

inert gas environment 

31. A method for producing a sputtering target assembly, as in claiin 1, 

wherein during the steps of: providing, pressing, raising. aDd maintaining 

the temperature; said components are exposed to a substantially oxygen absorbing 

gas environment. 

32. A method for producing a sputtering target assembly, as in Claim' I, 

wherein during the steps of: providing, pressing, raising, maintaining the 

temperature, and maintaining the pressure; said components are enclosed in a gas 

tight enclosure having a flexible wall, said enclosme containing a substantially inert 

gas environment. 

33. A method for producing a sputtering target assembly, as in Claim 1. 

wherein during the steps of: providing, pressing, raising. maintaining the 

temperature, and maintaining the pressure; said. components are enclosed in a gas 

tight enclosure having a flexible wall, said enclosure containing a substantially 

30 moisture free inert gas environment. 
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34. A method for producing a sputtering target assembly, as in Claim 1, 

wherein during the steps of: providing, pressing,. raising, maintaining the 

temperature, and maintaining the pressure; said components are enclosed in a gas 

tight enclosure having a flexible wall, said enclosure containing a substantially 

5 oxygen absorbing gas environment. 

10 

35. A method for producing a sputtering target assembly, as in Claim 34, 

wherein the substantially oxygen absorbing gas environment is formed 

primarily with carbon monoxide. 

36. A method for producing a sputtering target assembly, as in Claim 32, 

wherein before providing a substantially inert gas environment to the gas 

tight enclosure said enclosure bas been substantially evacuated. 

15 37. A method for producing a sputtering target assembly, as in Claim 33, 

wherein before providing a substantially inert gas environment to the gas 

tight enclosure said enclosure bas been substantially evacuated. 

38. A method for producing a sputtering target assembly, as in Claim 34, 

20 wherein before providing a substantially inert gas environment to the gas 

tight enclosure said enclosure has been substantialJy evacuated. 

39. A method for producing a sputtering target assembly, as in Claim I, 

wherein the step of providing the components includes providing a surface 

25 of at least one of the faces of said layers facing one another and being separated by 

a bonding layer having been coated by sputter depositing a layer of said bonding 

material thereon. 

40. A method for producing a sputtering target assembly, as in Claim 29, 

30 wherein the step of providing the components includes providing a surface 
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of at least one of the faces of said layers facing one another and being separated by 

a bonding layer having been coated by sputter depositing a layer of said bonding 

material thereon. 

41. A method for producing a sputtering target assembly. as in Claim 30, 

wherein the step of providing the components includes providing a surface 

of at least one of the faces of said layers facing one another and being separated by 

a bonding layer having been coated by sputter depositing a layer of said bonding 

material thereon. 

42. A method for producing a sputtering target assembly, as in Claim 31, 

wherein the step of providing the components includes providing a surface 

of at least one of the faces of said layers facing one another and being separated by 

a bonding layer having been coated by sputter depositing a layer of said bonding 

15 material thereon. 

20 

43. A method as recited in Claim 21, wherein one of said first pair of panels 

includes a surface having grooves for forming fluid cooling channels in said 

sputtering target assembly. 

44. A method for producing a sputtering target assembly as in Claim 1; 

wherein the step of providing the components for the bonding layer includes 

placing a solder material in spaces between spacer members disposed to maintain a 

predefined clearance between at least two layers of said unbonded sandwich when 

25 the solder melts. 

45. A method for producing a sputtering target assembly as in Claim l; 

wherein activity prior to the step providing the components includes sputter 

depositing bonding side of a first of said at least two layers with a solder material 

30 to act as tinning in preparation for subsequent solder bonding of said first of said at 
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STATEMENT UNDER. AllnCLE 19 

• Claims 1 and 5 the word "predetennined" has been deleted from before the 

words "bonding temperature"; the words "predetermined bond curing" have 

been replaced by the words "bond completion"; and the word "predetermined" 

has been deleted from before the words "process completion." 

Once in each Claim 3, 4, 14, and 15; twice in Claim 5; and three times in 

Claim 6 the words "flexible vacuum tight covering" have been changed to 

"flexible vacuum tight cover" to increase clarity and avoid confusion with the 

method step of "covering" (a verb). The noun "covering" in the specification 

and in the claims is considered synonymous with the noun "cover." 

In Claim 6 the wording "lower covering" bas been changed to "lower 

flexible vacuum tight cover." 

In Claim 7 the word "first" has been inserted before the words "release 

film." 

In Claim 9 the words "between a" have been revised to "between the." 

In Claim 15 the word "second" bas been inserted before the words "release 

film." 

In Claims 16 and 17 the words "in a predetermined weld pattern" have been 

deleted. 

In Claim 21, 24, 25, and 27 numerous changes in wording have made. 

Portions of the changes to the text are shown as follows added text is shown 

underlined, while [deleted text is shown in brackets]. 

21. 
locating [laminating together] said plurality of panels together, ... first of 
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21. 
lnratina [laminating together] said plmality of panels together. ... first gf 

said pluralitv of panels ... said plmalitv of panels, .•• second of said pluralitv 
.2f panels ... 

exerting a first [step of exerting a differential hydrostatic] pressure across at 
least [some] two or more of said [laminated] pluralitv of panels including said 
first pair. said first preswre pressing [a] .8lll first . . . 

[during said first] simultaneously with exerting said first pressure [step], 
heating at least said first and second of said [laminated] plurality of panels to a 
first temperature[, whereby) at which said bonding .... 

25 . 
. . . one of [said] i! second pair of panels. said second and a third of said 

plurality of panels comprising said second pair. said third smface facing !\ 
fQm:th [the other] smface of said ... 

wherein said first pressure (said first exerting step] exerts [said differential 
hydrostatic pressure across] a first force pressing said first pair of oanels 
together ... 

exerting a second [step of exerting said differential hydrostatic] pressure . . . 
least (some] ,tM! of said •.• 

[during said second] simultaneously with exerting said second pressure 
(step], heating at least said second and third of said [laminated] pluralitv of 
panels . . . temperature, [whereby] at which said adhesive .... 

27. 
wherein at least one of said layers [the sputtering target material] includes fl 

set of tiles . . .. 

• Two Claims numbered 26 were initially submitted. The first remains 
wichanged. The second has been cancelled. 

• Claims 28 to 46 are new. 

45 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 434 of 1543



WQ96/lJOBS PCT/US9S/01089 

·1 I 23 

35 

J 
/ 

----·40 

Fig. 1 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 435 of 1543



, W0'6f23085 

75 

3 

l 
77 

0 . 

68 

71 

PCT/US9SI01089 

2 I 23 

40 

·/ 
50 

Fig. 2 

SUBSTITUTE SHEEf (RULE 2&) 

69 

3 

' _J 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 436 of 1543



• W0.961.2J085 

co co ,.... 
II) 

0 
II) 

3 I 23 

co 
II) 

cu 
m 
II) 

N 
II) 

PCT/US9510J089 · 

/ 
0 
co 

. 
C> ·-u. 

SUBSTllUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 437 of 1543



CD (,'f) 
It) CD 

U') 

co 

0 
m U> ,..... 

4 I 23 

m 
U') 

a:s 
m 
U') 

N 
U') 

PCT/US9S/01089 

0 
CD 

. 
O> 
LL 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 438 of 1543



0 
Lt> 

5 I 23 

CD 
Lt> 

v 
U') 

N 
U') 

PCT/US9SIOJ089 

co 
. 

O> ·-LL 

SUBSTITIJTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 439 of 1543



W096/23085 PCT/US'5.IOI 089 

6 I 23 

/ 
48 

Fig. 7 
49c 49b 49a 

Fig. 8 

43e 43b 43d 43a 

50 

Fig. 9 

63a 

56a 

SUBSTITUTE SHEET (RUlE26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 440 of 1543



• WO 96/23085 PCT/1JS95/01089 

7 I 23 

49a 43a 

49b 

Fig. SA 

45 

47 

49b 
' 

Fig. 88 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 441 of 1543



• WO %f1308.5 PCT/US9SIOI089 

8 I 23 

. 
C> ·-u.. 

I I 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 442 of 1543



PCI'/US95101089 

9 I 23 

53b 75 

- --I J " ... -., 80 ... r-:;)-1'~ .... ,. ,,. r:;i-~ ... .; 

() " n () 
'1 r;, () 

,, (\ f) () I J I I () I 
I I I I I I I I I () () I I I I 11 I I 
1 I I I I I I I I I () (\ 

I 11 I I 11 I I 
I •• 11 I I ' 

() I I I I I 1 I I I I JI () I 11 I I I I I I ' I I '' I I I I I I I I I 
I I I I I 1 I I I I I I 

I I I I I I I I I I I I I I I I I I 11 I I If I 1 I I I I I I 11 I I I I I 1 I I I I I 
I I I I I I I I I I 

I I I I 
I I I I I I I I 1 I I I I I 
I I I I I I • 1 I I I 

12 
I I 

I I I I I I I 1 I I I 

12 I I 
I I I I I 1 I I I I I 
I I I 

, , I I I 

l 
I I 

I I I I I I I 

J 
11 

I I I I I I I I I I 
I I I I I 

I I I I I I I I I 
I 11 

I I I I I I I 
I I I I 

' 
I J 

I I l 1 I 11 I I 

' 
I I I I I 

I I I 11 
I I I I I I 

I 
I I I I I I I I I I I I I I I I ' I I I I 

I I 53a I 11 
I 11 I I I I I I I 

I I I I I 
I I I I •' I 1 11 

I I I 11 

' I I I •' 11 11 I I I I I 

' I I I I I 1 t I I I I I I I 
I 11 I •' I I 11 

I ' I I I I I I I I I I I I I 
I I I I I I 

I I I I I I I 1 I I 
I I SO a I 

I I I 
I I I I I 11 I I I I I I I I 
I I I 1 I 11 11 I I I I I I I 
I I I •' I I I I I ' I I I I I I I I 

I I I I I I I I 
I I I I I I I I I I I I I 11 I 
I I I I I l) I' I I I I I 

I I 11 I 
t 1 

I lJ u l J I I I I I I I I I 
lJ lJ 

_) lJ I I I I 
I I I I 

lJ 
I I I 

lJ lJ I 
lJ u ) .,. ,,. ... ,_ ... ., ,,. ,. 

I J 
,,. 

I 76 
55 51 71 74 

53b Fig. 11 
53a 

Oa 

Fig. 12 51 

SUBSTITIJTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 443 of 1543



W096/2308S PCT/US95/01089 

10 I 23 

75 
70 

. 
,,,_...,-~<.;;:",;;: .,..v~-,-~-....,, 

~... ~,- ~) ' .... , ,,. ,.., ... " ~...)- ~) <.;;:""-..: 

' ,,. ,,. ... 
" ' ' " " () f) " " () () () () () () () I () n "_, () I I 

' I I () "' 
I I ' I ' I 

I ' I ' 
() I ' I I 

I ' () I I 
I I 

72 
() I I ' I I () t I t 

' 
() I I I 

' I ' I 

I 
I I 

I I I I 
I ' I 

I 

I I 
I I 

I ' ' I 

' ' 
I 

' ' I I ' I 

' I I I ' I I I I 
I I I I I 

I I I I I 
I I I I I 

I I I I I 
I I I I ' I I I I 
I I I I 

I I I I 
I I I I 

I 

53c 
I I I 

I I ' I 
I ' I I 

I I I 
I I I I 

' I I 
I 

I 

' I 
I I I 

I I 
I I I I 

I I I I I I 
I I I I I I I I I 
I I I I I I I I 
I I I I I I I I I 
I I 

SOb 
I I ' I 

I I I I I I I I 
I 

I I I I I I I 
I I I I I I ' I 

' I I 
I 

' I ' I 

' I I 
I I I I I 

I I 
I I I I I 
I I I 

I I 
I t I 

I I t 
I I I I I I I 
I I I I I 'I• ' I I I I I I 

l I ' I I I I I I 
I I I I I I I 
I I I I I 

I I 

:I: I I I I I I 
I I 

I I I I I I 
I I I I I 

I I 

I 1 I I I I I I I I I 
I I 

I I I I I I I I I 
I I I 

I I I I I I I I I I I I I I 
I I I 

I lj I I I I u I lJ I I I I I 
I I I 

I 

l I I I I lJ I lJ I I I 
I I I I I I I I I I lJ I I I 

I I I I I lJ I 
I I I I I I Ii I I lJ "' 

& l'J I I 
I I I 

I 
l'J I l'J I I I I 

lJ "' '- l) lJ l; l) l1 "" "" lJ u ' ,,. ... 
"' "' ,,. ,,. ' ... 

"' ;: ,,. ... 
"' ' ~") ~) 0 

~ 
''"") ...... , .,,. 

', (') ~ "' I) ;: 
~ .,,,.)~ ,.,., 

I ___."' ...__ __ __,,,,;; 

;:' 

-.........75 
74 

Fig. 13 

SUBSTITUTE SHEEr (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 444 of 1543



WO~ PCT/US9!.I01089 

11 I 23 

CD 

..c;; 

0 

.i:l 

m 
(") 
LD 

.,.. 
CD 

v 
CD ,.... ,.... 

0 . 
C\I 

..0 
C> ,.... ·-LL 

m 
0 
an 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 445 of 1543



W09612J085 PCT/US95/01089 

12 I 23 

75 
53e 

.... ~=---\)-~~.....: 
........ :;.- ~)- ~) ....:"";;":....: 

62 
" ~ 

~ 

n () () () n () () () 
I I () 

I () 
() I I 

() I 
I 

I I 
I 

' I I 
I 

' I I 
I I I 

I I ' 53d I I I 
I I I 
I I I I· 
I 

' ' ' ' I I 
I I 

I I I 
I I 

I soc I I 

I I I 

I I I 

I I 

I I 
I 

I I 
I I 

I I 
I 

I I 
I I 

61 .. I I 
I 

I I 
I I 
I I I I I I I I I I I I I I I 

l) I I I I I l) I 
l) I 

I I I lJ 
lJ I 

I I 
I I lJ 

lJ I I I lJ A 

lJ 
I I I I 

lJ "" "" lJ u lJ lJ lJ lJ ~ 
~ 

~ 

"" 
,. 

;:-
'"') '"") .-! "" "",-)"" ,.~~ ,. ~ O~©=-"" ~--~ 

::' 

55 

Fig. 15 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 446 of 1543



, WO "612J085 PCT/US95f01089 

13 I 23 

88 
/ TO GAS 

SUPPLIES 
TO VACUUM ANO 

v83 

90,d; . d; 96 
Y---~18 

120 
119_r- ~121 116 
~ ---...____rJ 114 
~ ~112 

94 
140 cb /138 
136 110 
120 108 ., _______ _,,_,106 

104 
.r--~~~~~--v'""102 

4 2 - ,...-/40 ___ 46 
~ ~7.,!, 

44~ 100 98 ..;;..__~~~~~~~~~~-
\ 

S::79 
Fig. 16 

SUBSTITUTE SHEET (RULE 26) 

VENT LINES 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 447 of 1543



• WO ,9612JOBS PCT/US9SI01089 

14 I 23 

118 

Fig. 17 

SUBSITTUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 448 of 1543



PCT/US'5101089 

15 I 23 

Fig. 18 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 449 of 1543



(
/)

 
c:

 
m

 
~
 

~
 

~
 

(
/)

 
::J

: 
m

 !:!1
 -::0 c

: 
F;

; 
N

 
~
 

GA
S 

SU
PP

LIE
S 

VE
NT

 

Lv
fg

 VA
CW

M
 P

UM
P 

;
~
 

VE
NT

 

81
 

~ 
~ 

8
3

 
g 

8
5

 Ii
 

8
7

 
90

 ""'
~ 

~/
/ 9

2 
y

9
4

 ~
 96 

""' 
I 

i/
 

/ 
i 

" :
::

::
::

:_
!E

::
::

::
;s

::
;:

::
_

::
::

,:
:.

::
:.

::
.:

:o
_

::
::

.:
::

.:
 

l 
z 

\ 
H

U
--

3 
V

\\
7

9
 

F
ig

. 
19

 

-<e
s 

~
T
O
 VA

CU
UM

 
PU

MP
 .....

 
O

> - I\) ti.
> 

~
 

0 I ~ i i 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 450 of 1543



, WO 96l2J085 

Q) 
0 .,... 

U> 
0 .,... 

.. 
"It 
0 ,..... 

0 .,... .,... 

111 

U> .,... ,..... 

17 I 23 
(I) 

"It 

SUBSTITUTE SHEET (RULE 26) 

PCT/US9SIOI089 

0 
N 
. 

D> ·-LL 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 451 of 1543



• WO '6l2J08S PCT/US9S/01089 

18 I 23 

C\I a> 
C\I CD 

a> .,... . .,... 
O> ·- 0 

LL v 

CD ..... 

"' v a> .,... .,... .,... 

0 <O 
(') 

0 v .,... 

CD"' 
.,... 

T-

C\I 

. 
O> ·-LL 

m/') 
~ 0 

"' ""'" .,... .,... .,... 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 452 of 1543



• WOffl23085 PCl'/US9SI01089 

19 I 23 

138 

136 

118 
144 

120a 
120 

Fig. 23 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 453 of 1543



(/
')

 
c:

 ~ c! "1
 

en
 

:J
: 

m
 
~
 

s c:
: hi
 
~
 -

TO
 G

AS
 S

UP
PL

IES
 

88
 

/ ~
 

81'-
...~

 
eo

 
ch

 
a
/'

8
7

 

'-..
:a

 
~ cD 

96
 

/ 
11

8 
_r

1 

_ __
_;

-'
==

==
=-

;_
__

__
-~

 
.
~
 

TO
 V

AC
UU

M 
AN

O 
VE

NT
 L

IN
ES

 

4
2

 '-=
= 

40
 

4
4

J4
9

::
r-

. /
 

_
r/

4
6

 
98

 
>

'7
8

 
l 

-
=

=
 

)0
0

 

7 
\ 

7 
""

""
79

 

F
ig

. 
2

4
 

I\
) 

0 - I\) CJ
.> 

~ I .,, ~ I i 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 454 of 1543



• WO t6ll308.5 

21 I 23 

SUBSTITUTE SHEET (RULE 26) 

PCTfUS95/01089 

<D 

O>'\. 
-6 

m 
....... 

LO 
C\I 

. 
C> ·-LL 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 455 of 1543



- WO"J6113e85 

TO GAS 
SUPPLIES 

22 I 23 

85 

Fig. 26 

SUBSTITUTE SHEET (RULE 26\ 

PCTIUS95/01089 

98 

TO VACUUM 
ANO 

VENT LINES 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 456 of 1543



.- W0;96/l3085 PCT/US9Sf01089 

23 I 23 

118 

Fig. 27 

SUBSTITUTE SHEET (RULE 26) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 457 of 1543



A NAL EAR H REPORT ..--
btllOI nal Appbc.uion No 

INTERN no s c 
PCT/US 95/01089 

A. CLASSIFJCATION OF SUBJECT MAlTER IPC 6 C23Cl4/34 H01J37/34 
.,, . 

ACCOl'lina IO btlcm&llClftlll Palml Oaaliallols ff PC) CM' IO baltl D&llCllW damlic.taon .md fPC" 
8. FIELDS SEARCHED 
Mimnum ~ ~ (cl&mflQllOn system followed by d.llmfM:MiOll ~s) IPC 6 C23C . 

Doc: lbOll ~ Olhc:r lhan mtDl'llllm ~ to Ille c:mnl Vial~ dOc-umma In: Included Ill !be lidclt RU'Cbe4 

Elearvnac dal& blsc -.llzd dwma ax dllcmal1onal scan:11 (rwm of data ti..c ad, wbcn pnc:llCll, ~ 1mm llled) 

C. DOCUMENTS CON51DERED TO 8£ RELEVANT 
Cidqary. a- o1 docllmall. •lb mclM:aoal. w111re ........-. o111:1c n:kYml p_,a Rdnmi to clam No. 

A PATENT ABSTRACTS OF JAPAN 1-27 vol. 013 no. 384 (C-629) ,24 August 1989 & JP,A,01 132758 (HITACHI METALS LTD) ZS May 1989, 
see abstract 

---A PATENT ABSTRACTS OF JAPAN 1-27 vol. 013 no. 084 (C-572) ,27 February 1989 & JP,A,63 270459 ("4TSUSHITA ELECTRIC IND 
CO LTD) 8 November 1988, 
see abstract --

-!--

[] Fllrlher ~In bQcd ID lhc ~-ol boxC • [!:] .. _ rm.i,-*"' - tillod Oji --

• s.peaal callpltl ol ated .,__. : 
T 1- doalmcnt putilltllcd aftlr Ille !lllllMllGft.111 fihna cllllc 

•A• ~ddinm11hc""""'*'-°'l:lllwcwbimis- ar Jll"ClftlJ dac Uld - •a COblbct •th the~ •"= IN& _.._.to be"' ...... ~ citad 10 ~ Ille pillQPlc or lbccry JIDI lbc -·e· a11t1er ~ but p.il:lblbcd on or after tbll 11• 1111a llll -x· ~ ol pll'llCIUr rdc..-; lllllC ~ dl¥alllOll ftlmadatc 
C..- be coomdad llOvd or_,. be camlllnd ID "L" ~ wtlldl may lllrvw lbltlll on pnonl}' daan(•) or ~ 111-W *P wbca ll:lc --11 llb:ll lllCIM wllicb Ill a'ICd lo e&ltJlidl die pUbbcall<ln cla1e of .... -y• ~"' pa'llmlat ~ llMt danal ~ . - OI alba> speaal ,_ (11 llpO!Q6al) - be camclad ID~ 111 ID'lalil!W llq> wbm lhc '0" ~nfa'MI IO Ill cnl ~-. atubilion or dOamlGlf. IS_..,. wlllll - or~ Ollba' -.b doc:u-odla'- -.lllcb t CA baq oti- ID a~ mDcd ·p- ._ pdlll*4 PQ' ID Ille '*""°-' liJina U. but iD Ille.,_ 

.... 1111111 die pncnsy -- dlllllClll ·a• docllllllllll llllClllba o1111c - ,_... Cam.11 
1 Daic ol lllc llCNU ~ ol tllc S--W saodl Dllk ol lllillbfta ol lllc ~ ICmdl npon 

Z October 1995 24. 1n 95 
N- llld -1111& ~ ol tt. ISA AU1h1Jn1Jr.d oftica' 

l!lll'OpCln P-Oflicc. P.8. Sii i PlllalCMD 2 
NL • 2laO HY Riitwiik 
Td. ( + ll • 10) :MC>-l040, Tx. ) I 6.SI ep> al, 
Fa: ( + Jl·10) J40.JOl6 Ek.hult, H 

page 1 of 2 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 458 of 1543



• 

1 

INTERNATIONAL SEARCH REPORT 

C,(C •I •IQoa) DOCUMENTS CONSIDER.ED TO BE llELEVANT 

A REVIEW OF SCIENTIFIC INSTRUMENTS, APRIL 
1973, USA, 

A 

A 

vol. 44, no. 4, ISSN 0034-6748, 
pages 522-523, 
TERHUNE C 'Target bonding (for 
sputtering)' 
see page 523, right column, line 4 - line 
19 

PATENT ABSTRACTS OF JAPAN 
vol. 015 no. 357 (C-0866) ,10 September 
1991 
& JP,A,03 140464 (KOBE STEEL LTD) 14 
June 1991, 
see abstract 

GB,A,2 255 105 (ION COAT LIMITED) 28 
October 1992 
see page 7, line 16 - line 22 

-IAm'. .'Mt.I ApPicalloa No 

PCT/US 95/01089 

1-27 

1-27 

1-27 

page 2 of 2 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 459 of 1543



PCT WORLD INTELU!CTUAL PROPERTY ORGANlZA TION 
International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER TIIE PA TENT COOPERATION TREA 1Y (PCT) 

(51) International Patent Classification 6 : (11) International Publication Number: WO 97/35044 
Al C23C 14/40 (43) International Publication Date: 25 September 1997 (25.09.97) 

(21) International Application Number: PCf/US97/03047 

(22) International Yding Date: 4 March 1997 (04.03.97) 

(30) Priority Data: 
08/620,650 22 March 1996 (22.03.96) us 

(71) Applicant: MATERIALS RESEARCH CORPORATION 
[US/US]; 560 Route 303, Orangeburg, NY 10962 (US). 

(72) Inventor: HURWTIT, St.even; 159 Pascack Road, Parle Ridge, 
NJ 07656 (US). 

(74) Agents: MILLER, Jeny, A. et al.; 1 Sony Drive, MD #Tl-I, 
Parle Ridge, NJ 07656 (US). 

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB. BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE. ES, Fl, GB, OE, 
GH, HU, IL, IS, IP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MD, MG, MK, MN, MW. MX, NO, NZ, 

PL, PT, RO, RU, SD, SE, SG, SI, SK, TJ, TM, TR, IT, 
UA, UO, UZ. VN, YU, ARIJ'O patent (OH, KE, LS, MW, 
SD, SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE. CH, DE, DK, ES, 
Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, Cl, CM, GA, GN, ML. MR, NE, SN, TD, 
TG). 

Published 
With international search report. 

(54) Tide: METIJOD AND APPARATUS FOR RF DIODE SPUITERING 

,,,,,.-10 

(57) Abstract 

A sputtering system (50) includes an evacuatable chamber (52) having a target (58) which includes a sputtering surface (60). The 

target (58) is biased to form a cathode element (70) which causes the emission of electrons. The system (50) further includes an anode 

element (74) which includes the substrate (62). In use, a sputtering gas is ionized in response to the electrons to form a plasma. The 

plasma includes a cathode dark space (24) having a first thickness (T) wherein ionization does not occur. A plate element (76) having a 

bottom surface (80) is positioned a first distance (D) from the sputtering surface (60). Electrons emitted from the target (58) are absorbed 

by the plate element (76) to inhibit plasma formation in a first area (82) adjacent the bottom surface (60) such that target material (58) is 

not eroded opposite the first area (82). Further, plasma is formed in a second area (94) adjacent an edge (84, 86, 90, 92) to cause target 

material (58) to be eroded from the second area (94). 
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METHOD AND APPARATUS FOR RF DIODE SPUTTERING 

FIELD OF THE INVENTION 

This invention relates to RF diode sputtering. and more particularly, to a plate positioned 

5 within a cathode dark space which serves to selectively inhibit plasma formation in order to be 

able to selectively erode areas of a sputtering surface to provide a desired non-uniform erosion 

pattern for improving thickness uniformity for a film formed on a substrate. 

BACKGROUND OF THE INVENTION 

I 0 An integrated circuit (IC) is manufactured by a process which utilizes planar technology. 

GeneraJly, this process includes subjecting a substrate. such as a silicon wafer or a ceramic plate. 

to a sputtering process in which a thin layer or film of material is deposited on the substrate. A 

common type of sputtering is known as magnetron sputtering. In this type of sputtering, a sputter 

deposition system is used which includes a chamber having a sputtering target. The target is 

IS fabricated from a desired source material and includes a sputtering surface from which material 

is removed for forming the film. In operation. a substrate which is to be sputtered is positioned 

within the chamber opposite the sputtering surface. A process gas. such as argon. is introduced 

into the chamber between the sputtering surface and the substrate. The target is then negatively 

energized so as to cause electrons to be emitted from the target. The electrons strike and ionize 

20 the gas panicles to cause the formation of a plasma having positively charged argon ions. The 

ions then bombard the sputtering surface. which causes the removal of target material. The 

removed target material is then ultimately deposited onto the substrate to form the film. 

A magnetic field for confining and shaping the plasma into a desired configuration is 

positioned near the sputtering surface. In particular. the plasma is shaped such that a desired non-

25 unifonn pattern of erosion is fonned on the sputtering surface. This serves to ensure that all areas 

of the substrate receive substantially equal amounts of sputtered material, thus enabling a 

substantially uniform film thickness to be formed on the substrate. 

In an alternative form of sputtering, which is known as radio frequency (RF) diode 

sputtering. a magnetic field is not utilized to confine or shape the plasma. This type of sputtering 
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is frequently used for the sputtering of electrically insulating target materials. and for sputtering 

targets of magnetic material. In addition, RF diode sputtering is also used where the presence of 

magnetic fields generated by the sputtering cathode may undesirably affect properties of the 

deposited film. However, since a magnetic field is not used to confine and shape the plasma in 

5 RF diode sputtering. the erosion pattern of the sputtering surface cannot be controlled as desired. 

As a result, an undesirable uniform erosion pattern forms on the sputtering surface which results 

in the formation of a film thickness that is not unifonn. Further. reduced deposition occurs near 

the substrate edge due to the shape of the plasma, which also undesirably affects film thickness 

uniformity. 

I 0 Referring now to FIGURE 1. an illustrative depiction of a plasma I 0 is shown located 

between a target 12 having an initial sputtering surface 14 and a substrate 18 which is supported 

by support 16. The plasma I 0 includes several different functional zones which are formed during 

the sputtering process In use. the target 12 is negatively energized and the support 16 is 

grounded to form a cathode element 20 and an anode element 22. respectively. This causes 

I 5 electrons to be emitted from the target 12 which travel through a cathode dark space 24 and then 

collide with gas molecules to cause the formation of ions in a negative glow area 26 and a positive 

column 28. In the cathode dark space 24, ionization does riot occur since the emitted electrons 

typically do not possess sufficient energy. Further. the cathode dark space 24 has a thickness T 

which depends primarily on the voltage applied to the target 12 and the type and pressure of the 

20 sputtering gas utilized. The ions are then accelerated towards cathode element 20 by a high 

voltage gradient across the cathode dark space 24. 

A device known as a dark space shield 30 is located adjacent to a rear surface 3 2 of the 

target 12. The shield 30 is spaced apart from the rear surface 32 by a distance X which is less 

than thickness T. As such, the shield 30 is located in a region where ionization does not occur. 

25 The shield 30 is connected to ground 34 and serves to absorb electrons which are emitted, thus 

inhibiting the formation of plasma adjacent the rear surface 32. The shield 30 is utilized in 

configurations wherein sputtering on the rear surface 32 is not desired such as when a structural 

backing plate is used to support the cathode element 20. For plasmas which are not magnetically 

confined. thickness Tis typically between approximately 0.25 to 0.75 inches under commonly 

30 used sputtering conditions. 

2 
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One method of improving film thickness uniformity in RF diode sputtering is to increase 

the size of the target 12 relative to the substrate 18. This has been found to reduce the effect of 

reduced deposition near the substrate edge. However, a disadvantage of this method is that larger 

and more costly targets are needed. This results in the need for correspondingly larger processing 

5 chambers to hold the targets and larger power supplies to energize the targets, which also 

increases costs. Moreover, the use of larger targets results in reduced utilization of target 

material. 

Another method for improving film thickness uniformity includes the positioning of an 

object, such as an aperture plate, between the target and substrate. The aperture plate serves to 

I 0 intercept a percentage of sputtered material to prevent its deposition on the substrate. This 

method is described in U. S. Patent No. 5. 415, 753. which issued to Hurwitt, et al. and is assigned 

to Materials Research Corporation. an assignee herein. Referring to FIGURE 2, an illustrative 

cross sectional view of a portion of an aperture plate 36 having an aperture 38 in accordance with 

U.S Patent No. 5,415. 753 is shown. The aperture plate 36 is located between the target 12 and 

I 5 the substrate I 8 which is to be sputtered. In 'RF diode sputtering, wherein a magnetic field is not 

used to control the plasma. the initial sputtering surface 14 is eroded in an undesirable uniform 

pattern to form a new sputtering surface 40 (shown as dashed lines) which is generally flat and 

parallel to the initial sputtering surface 14. The design of the apenure plate 36 and its spacing 

from target 12 and substrate 18 is calculated so as to intercept controlled amounts of material 

20 emitted from target 12. In particular. a portion of sputtered material (illustrated by arrow 42 

which depicts a flight path of a first particle) emitted from the target 12 passes through or around 

the aperture plate 36 and is deposited on substrate 18. Another portion of sputtered material 

(illustrated by arrow 44 which depicts a flight path of a second particle) is intercepted by the 

aperture plate 36 and forms a deposit 46 on the aperture plate 36. As such, this technique 

2 5 improves thickness uniformity by intercepting material emitted from· target 12 and not by 

controlling the shape of the plasma. 

However. this technique has disadvantages. One disadvantage is that extended spacing 

is needed between target 12 and substrate 18 to permit proper placing of target 12 to avoid a 

shadow of the aperture plate 36 from fonning in the deposited film. Another disadvantage is that 

3 
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as more material is sputtered. the deposit 46 increases in size and forms flakes or microscopic 

panicles which fall on or become imbedded in the film that is formed on the substrate. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a sputtering system for improving 

5 thickness unifonnity of a film sputtered on a substrate. 

It is a funher object of the present invention to selectively inhibit the formation of plasma 

by absorbing electrons emitted from a target in order to provide a desired non-uniform erosion 

pattern suitable for improving film thickness uniformity. 

The present invention relates to a sputtering system for depositing a thin film on a 

I 0 substrate. In particular. the system includes an evacuatable chamber having a target. The target 

includes a sputtering surface which is biased to form a cathode element which emits electrons. 

The system tUrther includes an anode element which includes the substrate. The substrate is 

positioned opposite the cathode element in the chamber. In use. a sputtering gas is ionized in 

response to the electrons to form a plasma for eroding target material from the sputtering surface 

I) which is then deposited on the substrate to form the film In addition. the plasma includes a 

cathode dark space having a first thickness wherein ionization does not occur. 

A plate element having a bottom surface and at least one edge is positioned a first 

distance. which is less than the first thickness. from the sputtering surface. Electrons emitted from 

the target are absorbed by the plate element so as to selectively inhibit plasma formation in a first 

20 area adjacent the bottom surface such that target material is not eroded from a predetermined first 

portion of the sputtering surface opposite the first area. Further, plasma is formed in a second 

area adjacent the edge to cause target material to be eroded from a predetermined second ponion 

of the sputtering surface opposite the second area. This forms a desired non·uniform erosion 

pattern on the sputtering surface for improving thickness uniformity of the film. 

2) BRJEF DESCRIPTION OF THE FIGURES 

FIGURE I depicts a conventional plasma formed during a sputtering process. 

4 
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FIGURE 2 is a cross section view of a ponion of an apenure plate for intercepting 

material sputtered from a sputtering surface. 

FIGURE 3 depicts a sputtering system having a plate element positioned within a cathode 

dark space in accordance with the present invention. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While this invention is susceptible of embodiment in many different fonns, there is shown 

in the drawings and will herein be described in detail specific embodiments. with the understanding 

that the present disclosure is to be considered as an example of the principles of the invention and 

intended to limit the invention to the specific embodiments shown and described. In the 

--ro-· -description below, like reference numerals are used to describe the same. similar or corresponding 

parts in FIGURES 1-3. 

Refening to FIGURE 3. a sputtering system 50 in accordance with the present invention 

is shown. The system 50. which may be an RF diode sputtering system, includes a chamber 52 

wh.ich is evacuated by a vacuum pump 54 to a vacuum level suitable for sputtering. The chamber 

15 52 includes a target mounting element 56 for holding a target 58. The target 58 includes a 

sputtering surface 60 from which target material is removed, or sputtered. which is ultimately 

deposited on a substrate 62 to form a thin film. The system 50 further includes a support 64 for 

holding the substrate 62 in a position generally opposite the sputtering surface 60. Jn use, a 

sputtering gas, such as argon, is introduced into the chamber 52 through a nozzle 66. The target 

20 58 is then negatively energized by a power supply 68 to cause an emission of electrons from the 

target .58. thus forming a cathode element 70. Further. the support 64 and substrate 62 are 

connected to ground 72. thus forming an anode element 74. 

A plate element 76 (shown as a cross section) is positioned between the cathode 70 and 

anode 74 elements. The plate element 76 includes a top surface 78 which is spaced apart. from 

25 the sputtering surface 60 by a distance D which is less than thickness T. This serves to locate the 

plate element 76 within the cathode dark space 24. The plate element 76 further includes a 

bottom surface 80 which faces the substrate 62. The plate element 76 is connected to ground and 

thus serves to attract and absorb electrons which are emitted from the target 58. In accordance 

5 
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with the present invention, this inhibits the formation of plasma in first areas 82 adjacent the 

bottom surface 80. Alternatively, it is noted that the plate element 76 and/or the substrate 62 may 

be subjected to a desired voltage by an alternate power supply rather than being connected to 

ground. 

5 The plate element 76 further includes left 84 and right 86 outer vertical edges and a hole 

88 which defines left 90 and right 92 inner vertical edges. In use. normal plasma formation occurs 

in second areas 94 which are adjacent the vertical edges 84, 86, 90, 92 and wherein electrons are 

not absorbed by plate element 76. As a result, first portions 96 of the sputtering surface which 

are directly opposite the second .areas 94 are eroded. Some of the material removed from 

I 0 ponions 96 (illustrated by arrow 98 which depicts flight paths of removed material) is then 

ultimately deposited on the substrate to form the film. 

In accordance with the present invention, second portions I 00 of the sputtering surface 

60 which are opposite the first areas 82 do not erode due to the absence of plasma in .these areas. 

This results in a desired non-uniform pattern of erosion on the sputtering.surface 60 which 

15 provides a film on the substrate 62 having a substantially uniform thickness. Consequently, the 

present invention provides a uniform film thickness by selectively inhibiting the formation of 

plasma. In addition. since target material is not sputtered from second portions I 00, the amount 

of target material that is accumulated on the top surface 78 is substantially reduced. Thus, 

contamination of the film due to the formation offlakes and panicles on the top surface 78 is also 

20 substantially reduced. 

The shape and dimensions of plate element 76 are each chosen to provide a desired 

erosion shape on target 58 which will produce a desired film profile on substrate 62. Several 

factors affect the configuration of plate element 76 such as the size of the target 56 and the 

substrate 62 and the distance between the target 58 and substrate 62 For typical sputtering 

25 conditions. it has been found that acceptable results are obtained when dimension D is between 

approximately 0.05 inch to 1.0 inch. wherein 1/8 to 3/8 of an inch is preferred. It is further noted 

that plate element 76 may also be configured in various other shapes and sizes so as to provide 

a desired film profile on substrate 62. For example. plate element 76 may be configured to include 

more than one hole. Alternatively. plate element 76 may be a solid plate. In addition. a series 

30 of concentric rings may be used in place of plate element 76. 

6 
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Thus it is apparent that in accordance with the present invention, an apparatus that fully 

satisfies the objectives. aims and advantages is set forth above. While the invention has been 

described in conjunction with specific embodiments, it is evident that many alternatives, 

modifications. pennutations and variations will become apparent to those skilled in the art in light 

5 of the foregoing description. Accordingly, it is intended that the present invention embrace all 

such alternatives. modifications and variations are far within the scope of the appended claims. 

7 
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What Is Claimed Is: 

I . A sputtering system for depositing a thin film on a substrate. said system including 

an evacuatable chamber which includes said substrate, comprising: 

a target positioned within said chamber. said target including a sputtering surface; 

biasing means for biasing said target to form a cathode element which emits electrons; 

an anode element which includes said substrate, wherein said substrate is positioned 

opposite said cathode element in said chamber: 

ionization means for ionizing a sputtering gas. in response to said electrons, to form a 

plasma for eroding target material from said sputtering surface which is then deposited on said 

substrate to form said film. said plasma including a cathode dark space having a first thickness 

wherein ionization does not occur; and 

a plate element having a bottom surface and at least one edge. said plate element being 

spaced apart from said sputtering surface by a first distance which is less than said first thickness. 

wherein electrons emitted from said target are absorbed by said plate element to selectively inhibit 

plasma formation in a first area adjacent said bottom surface such that target material is not 

eroded from a predetermined first ponion of said sputtering surface opposite said first area. and 

wherein plasma is fonned in a second area adjacent said edge to cause target material to be eroded 

from a predetermined second portion of said sputtering surface opposite said second area. thereby 

forming a desired non-uniform erosion pattern on said sputtering surface for improving thickness 

uniformity of said film. 

2. The system according to claim I. wherein said plate includes at least one hole for 

forming associated inner edges. 

3. The system according to claim 1. wherein said plate element includes at least two 

concentric rings. 

4. The system according to claim I. wherein said plate element is a solid plate. 

8 
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S. The system according to claim I. wherein said plate element is maintained at a 

potential which is positive relative to said target. 

6. The system according to claim I. wherein said plate element is grounded. 

7. The system according to claim I. wherein said first distance is between 

approximately 0.05 and 1.0 inches. 

8. A method for sputtering a thin film on a substrate, comprising the steps of: 

biasing a target having a sputtering surface to form a cathode element which emits 

electrons; 

providing an anode element which includes said substrate. wherein said substrate is 

positioned opposite said cathode element; 

forming a plasma, in response to said electrons. for eroding target material from said 

sputtering surface which is then deposited on said substrate to form said film. said plasma 

including a cathode dark space having a first thickness; 

positioning a plate element a first distance from said sputtering surface. said first distance 

being less than said first thickness and said plate element including a bottom surface and at least 

one edge; 

inhibiting plasma formation in a first area adjacent said bottom surface by absorbing 

electrons emitted from said target such that target material is not eroded from a predetermined 

first portion 'of said sputtering surface opposite said first area; 

fanning plasma in a second area adjacent said edge to cause target material to be eroded 

from a predetennined second portion of said sputtering surface opposite said second area. thereby 

fonning a desired non-unifonn erosion pattern on said sputtering surface for improving thickness 

uniformity of said film. 

9. The method according to claim 8, wherein said plate includes at least one hole to 

form first and second edges. 

9 
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I 0. The method according to claim 8, wherein said plate element includes at least two 

concentric rings. 

11. The method according to claim 8. wherein said plate element is a solid plate. 

12. The method according to claim 8, wherein said plate element is maintained at a 

potential which is positive relative to said target. 

13 The method according to claim 8, wherein said plate element is grounded. 

14. The method according to claim 8. wherein said first distance is between 

approximately 0.05 and 1.0 inches. 

l S. A sputtering system for depositing a thin film on a substrate, comprising 

an evacuatable chamber: 

a target positioned within said chamber. said target including a sputtering surface; 

biasing means for biasing said target to form a cathode element which emits electrons: 

an anode element which includes said substrate. wherein said substrate is positioned 

opposite said cathode element in said chamber; 

ionization means for ionizing a sputtering gas. in response to said electrons. to form a 

plasma for eroding target material from said sputtering surface which is then deposited on said 

substrate to form said film. said plasma including a cathode dark space having a first thickness 

wherein ionization does not occur; and 

a plate element having first and second outer edges and at least one hole to form first and 

second inner edges and first and second bottom surfaces. said plate element being grounded and 

spaced apart from said sputtering surface by a first distance which is between approximately 0.05 

and 1.0 inches and which is less than said first thickness. wherein electrons emitted from said 

target are absorbed by said plate element to selectively inhibit plasma formation in first areas 

adjacent said first and second bottom surfaces such that target material is not eroded from 

predetermined first ponions of said sputtering surface opposite said first areas. and wherein 

plasma is formed in a second areas adjacent said first and second inner and outer edges to cause 
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target material to be eroded from predetermined second portions of said sputtering surface 

opposite said second areas, thereby forming a desired non-uniform erosion pattern on said 

sputtering surface for improving thickness uniformity of said film. 

16. The system according to claim 15. wherein said plate element includes at least two 

concentric rings 

17. The system according to claim 15. wherein said plate element is a solid plate. 

18. The system according to claim 15, wherein said plate element is maintained at a 

potential which is positive relative to said target 

11 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 472 of 1543



WO 97/35044 PCT/US97103047 

1/2 

20~ 
....----(-) 

Xi_ ~ 32 
I I .---I.---_-_-=..__-----4-. +-----.-

T_J 

28 

...___..-+<-----------"--- ----Q2 

16 
18 

FIG. 1 

--------------

14 40 

38~ 

4~ \ 46 ""'-----l 

36 3 

~8 

FIG. 2 

12 

34 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 473 of 1543



WO 97135044 PCT/US97103047 

2/2 

~ /._N 
.J 

"Id" 
LO "Id" 

0 

\ "Id" 
co 

~; 
0 

C') . "Id" 

C!J 

0 

c.o 
,.... 

-LL 
C\J 
~ CX) 

c.o 

II· 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 474 of 1543



INTERNATIONAL SEARCH REPORT lni.wnational application No. 

PCTIUS97/03047 

A. CL~Jf1CATION OF SUBJECT MA1TER 

IPC(6) :C23C 14140 
US CL : 204/192.12. 298.06, 298.11, 298.14, 298.JS 

According IO International Patent Cluaification (!PC) or 1.o both national cLu1ification and IPC 

B. FIELDS SEARCHED 

Minimum documa:atalion llCU'Chcd (claui.fication aytt.em followed by clu1i.ficalion symbols) 

U.S. : 204/192.12, 298.06, 298.11, 298.14, 298.IS 

Documentation ecarchcd other th.an minimum documcnta.tion to the exttnt that 1uch documc:nt.I arc included in the ficld11 searched 

None 

Electronic data bue coftlultt.d during the international llelJ'Ch (name of data bue and, where practicable, search termll Ulled) 

None 

c. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant puaagcs Relevant IO claim No. 

y US 4,824,544 A (MIKALESEN et al) 25 April 1989, Column 1-18 
4 lines 64-68; Column 5 lines 1-5, lines 10-13, lines 54-65, 
lines 66-68; Column 6 lines 1-3. 

y US 4,508,612 A (BLACKWELL et al) 02 April 1985, Column 1-18 
3 lines 49-52; Column 5 lines 16-25, lines 26-36; Column 7 
lines 21-27; Figure 2. 

y US 3,985,635 A (ADAM et al) 12 October 1976, Column 2 1-18 
lines 37-44, lines 45-50, lines 51-68; Column 3 lines 1-22, 
lines 60-63; Column 4 lines 18-23, lines 33-55; Column 6 
lines 9-24. 

[!) Further documents are lilted in the continuation of Box C. D See patent family annex. 

. Sperilol '**'IOrim ol eilld .i-: "T" llllDr .i--t publillaod aftet Ibo iulU 1 ·ca II.I filiDt """* • priorily . ,... "--.,.,.. .. ___ of .. ""wbidt --~ 
.......... -·_,...will> ................ ""' c:W .. lllldcnlmd .... 

...... .,,~...- ,........ ... .......,. .....iatyiioe ..... irwcalioD 

·r ...._. ~publiobod- or.twllloe imu I f\lios ...... ·x· ~of~ .a.-; doe claimal illlvmlioD _. lie 

.-idcrod DO¥d ""-"" .-idcnd lo iDvolve • iova!llve...., 
"L' 4-wt.idi _,, dlfOw ....,. ... priority cllim(t) or wtiida it ........ ..__ ....... u-. 

cW lo .-btiol> lbe ~ <Im of ....i..r citoiion or acba ·r .i-"' ,........., "'*"-• doe doimod iDYCllllioD - .... ....... -<-~ ......... IO .......... • ilrHmlve llq> ...... lbe ci- ii 
·o· d...- rclania ID • onl dioc.......,, - ~or acba _.._.ill!°""""-ac1ia....i.d-...acamb· s - ...... °""'"' ... ~ lllkilled iD die"" 

"P" 4-publillaod pricw to lk iasu I flliDc dmm ........... ·a· .._axmld of lbe - ...- fMnily 
doe priority dalle clllimod 

Date of thc: actual complc:tion of the international ac:arch Date of mailing of the: international KarCh report 

27 MARCH 1997 13.05.97 

Name and mailing addn:u of the ISAIUS Authorized officer ~~ ,JI D ~ Ccmmi•riooef or,.... and T~rb 
Box PCT p RODNEY MCDONALD .. 
Wubiaaton, D.C. 20231 

Facsimile No. nan 305-3230 11 No. f703l 308 • 3807 

Form PCT/ISA/210 (ICIClODd abcetXJuly 1992)• 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 475 of 1543



INTERNATIONAL SEARCH REPORT International application No. 

PCTIUS97/03047 

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indicalion, where appropriate, of tho relevant puaagea Relevant lo claim No. 

Y US 3,361,659 A (BERTELSEN) 02 January 1968, Column 3 Jines 1-18 

50-57, lines 63-68; Column 4 lines 60-75; Column 5 lines 1-17, 

lines 27-30; Column 6 lines 32-34. 

Form PCTnsA/210 (coatinuation of llOCOftd shcet)(July 1992)* 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 476 of 1543



Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Effective October 1, 2001 

CLAIMS AS FILED - PART I 

TOTAL CLAIMS 

FOR 

TOTAL CHARGEABLE CLAIMS 

INDEPENDENT CLAIMS 

NUMBER FILED 

? ' minus 20= * 

* minus 3 = 

NUMBER EXTRA 

·q I . 

MULTIPLE DEPENDENT CLAIM PRESENT D 
* If the difference in column 1 Is less than zero, enter "O" in column 2 

f\~1?..c>qCLAIMS AS AMENDED - PART II 
f' 'l' Column 1 Column 2 Column 3 

* 

Column 1 
CLAIMS 

REMAINING 
AFTER 

AMENDMENT 

IRST PRESENTATION OF 

HIGHES 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

Minus ** 
Minus -

JIPLE DEPENDENT CLAI 

Column3 

PRESENT 
EXTRA 

= 

Column3 

PRESENT 
EXTRA 

SMALL ENTITY 
TYPE c:::J 

RATE FEE 

+140= 

OR 

OR 

OR 

OR 

OTHER THAN 
SMALL ENTITY 

RATE FEE 

740.00 

X$18= 

X84= 

+280= 

TOTAL 
___ ... 

TOTAL {d 2 OR 

SMALL ENTITY OR 
OTHER THAN 

SMALL ENTITY 

ADDI-
RATE TIONAL 

FEE 
X$9= 

X42= 

+140=. 

TOTAL 
ADDIT.FEE 

ADDI-
RATE TIONAL 

FEE 

X$9= 

X42= 

+140= 

TOTAL 
ADDIT. FEE 

ADDI-
RATE Tl ON AL 

FEE 

X$9= 

X42= 

+140= 

ADDI-
RATE TIONAL 

FEE 

OR X$18= 

X84= OR ------+----I 
OR +280= 

TOTAL 
OR ADOIT. FEE----i 

ADDI
RATE TIONAL 

FEE 

OR X$18= 

X84= 
OR t---+----t 

OR +280= 

· TOTAL 
OR ADDIT. FEE---"' 

ADDI-
RATE TIONAL 

FEE 

OR X$18= 

OR X84= 

OR +280= 

• If tile entry In column 1 is less than the entry In column 2, write ·o· 1r.i column 3. TOTAL TOTAL 
.. If the "Highest Number Previously Paid For" IN THIS SPACE is leu than 20. enter "20." OR ADDIT. FEE...._ __ _. 

-11 the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3. • 
ADDIT. FEE 

The "Highest Number Previously Paid For" (Total or Independent) Is the highest number found in the appropriate box in column 1. 

FORM PT0-875 (Rev. B/011 Patent and Trademafic Office, U.S. DEPARTMENT OF COMMERCE 

~ c 
L 
LL 

a 
<t 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 477 of 1543



UJE SUP STAPLE AA.EA,,,,. addifJanal ·- -- .. 

ISSUJNGC~ ORIOlHAL :::: .. . , .... _ ..,. .......... I 5' lllCI ASS a.ASS LBK 
·~ -

I 
ll!BllaTDW. 
~llQll 

I , 
I 

I 
I 

-I A Continued Oft lasue Blln in.Ida Fiia Jackel i '\ -
····-- ... llllStllc:l8d 1 •••••••• .. -- 0 ........ - ................ CRUii DBl8 :::mnn Date l 

' I ~1 : =i 
.~ i 51 101 

'I tDZ ...-..= 
!OS .....,.. 
UM 

I 105 
.. 108 

lVI .. .. Oii .... 
118 !Cit ... , 

llD i;,I 
nt 

-" 
!U 
113 .. ... 
115 

li8 m ., 
11 : 

Ill , . • II 
!U 
11 1 
n I ,. , .. 
•4 . . .. 124 .. 

·~ 18 14111 

"· 121 
78 12' 
18 1211 

. Ill 130 ... IJI 
112 132 
m 133 ·- 1;14 
Ill 1:55 - -- - ""- - ·- -- I ·--· ~ 87 U1 • tall . • 1:111 

IW 

''° " It 

'"' 4Z 12 1 .. t;I ... 
1~ .. .. ... Ill 115 -18 Bl 1.a 11 81 1'7 .. 811 1 ... .. 

911 H8 0 Ill ISO 

- -

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 478 of 1543



.. . . 
CXf '3 i3'. f al 

01 rc.1ovo 

LI :J:'ru 
PATENT 

Customer No. 22,852 
Attorney Docket No. 09140-0016-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

H. Zhang, et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSED DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Mail Stop AMENDMENTS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: Michelle Estrada 
) 
) Confirmation No.: 6938 
) 
) 
) 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants brings to the attention of 

the Examiner the documents listed on the attached PTO 1449. This Information Disclosure 

Statement is being filed after the events recited in Section l.97(b) but, to the undersigned's 

knowledge, before the mailing date of either a Final action, Quayle action, or a Notice of 

Allowance. Under the provisions of 37 C.F.R. § l.97(c), this Information Disclosure Statement 

is accompanied by a fee of $180.00 as specified by Section 1.17(p ). 

Copies of the listed documents are attached. 

Applicants respectfully request that the Examiner consider the listed documents 

and indicate that they were considered by making appropriate notations on the attached form. 
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This submission does not represent that a search has been made or that no better 

art exists and does not constitute an admission that each or all of the listed documents are 

material or constitute "prior art." If the Examiner applies any of the documents as prior art 

against any claims in the application and Applicants determine that the cited documents do not 

constitute "prior art" under United States law, Applicants reserve the right to present to the office 

the relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the 

patentability of the disclosed invention over the listed documents, should one or more of the 

documents be applied against the claims of the present application. 

If there is any additional fee due in connection with the filing of this Statement, 

please charge the fee to our Deposit Account No. 06-0916. 

Dated: September 1, 2004 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

-2-
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OMB No. 0651-0011 

MATION DISCLOSURE CITATION 

Atty. Docket No. Appln. No. 10/101,863 

Applicant ZHANG et al. 

Filing Date March 16, 2002 Group: 2823 

U.S. PATENT DOCUMENTS 

Examiner Document Issue Date Name Class Sub Filing Date 
Initial* Number Class If Appropriate 

3,616,403 Oct. 26, 1971 Collins et al. 204 192 

3,850,604 Nov. 26, 1974 Klein 65 32 

4,111,523 Sep.5, 1978 Kaminow et al. 350 96.14 

4,619,680 Oct. 28, 1986 Nourshargh et al. 65 3.12 

5, 196,041 Mar. 23, 1993 Tumminelli et al. 65 30.1 

5,287,427 Feb. 15, 1994 Atkins et al. 385 124 

6,511,615 81 Jan.28,2003 Dawes et al. 264 1.21 

6,563,998 81 May 13, 2003 Farah et al. 385 131 

6,605,228 81 Aug. 12,2003 Kawaguchi et al. 216 24 

6,615,614 81 Sep.9,2003 Makikawa et al. 65 386 

FOREIGN PATENT DOCUMENTS 

Document Publication Country Class Sub Translation 
Number Date Class Yes or No 

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) 

Examiner I Date Considered 

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609; draw line 
through citation if not in conformance and not considered. Include copy of this form with next 
communication to applicant. 

Form PTO 1449 Patent and Trademark Office - U.S. Department of Commerce 

Page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/101,863 03116/2002 

7590 10/06/2004 

Skjerven Morrill Macpherson LLP 
Suite 700 
250 Metro Drive 
San Jose, CA 95110 

FIRST NAMED INVENTOR 

Hongmei Zhang 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PA TENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

M-12245 US 6938 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

DATE MAILED: 10/06/2004 

Please find below and/or attached an Office communication concerning this application or proceeding. 

PT0-90C (Rev. 10/03) 
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Application No. Applicant(s) 

10/101,863 ZHANG ET AL. 

Office Action Summary Examiner Art Unit 

Michelle Estrada 2823 

-· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J. MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
• If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

~ 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )[8] Responsive to communication(s) filed on 23 July 2004. 

2a)[8] This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8] Claim(s) 1-14 and 20-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8] Claim(s) 1-13 and 20 is/are rejected. 

7)[8] Claim(s) 7. 14 and 21-24 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 
4) 0 Interview Summary (PT0-413) 

3) IZJ Information Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 
Paper No(s)/Mail Date 7123104 912104. 

Paper No(s)/Mail Date. . 
5) 0 Notice of Informal Patent Application (PT0-152) 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20041004 
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Application/Control Number: 10/101,863 

Art Un it: 2823 

DETAILED ACTION 

Claim Objections 

Page 2 

Claim 14 is objected to because of the following informalities: in line 2, it appears 

that "12" should be deleted. Appropriate correction is required. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-13 and 20 are rejected under35 U.S.C. 103(a) as being unpatentable 

over the combination of Le et al. (2003/0077914) and Fukui et al. (5,755,938). 

With respect to claim 1, Le et al. disclose providing pulsed DC power (22) to a 

target (14) (Page 4, Paragraph [0070]); providing bias power to a substrate (16) 

positioned opposite the target (Page 5, lines 13-14 ); providing process gas between the 

target and the substrate (Page 4, Paragraph [0067]). 

With respect to claim 7, Le et al. disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075]. 

With respect to claim 8, Le et al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Page 4, Paragraph [0067]). 
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Art Unit: 2823 

Page 3 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076]). 

With respect to claim 10, Le et al. disclose wherein the process gas further 

includes nitrogen (Page 5, Paragraph [0074]). 

With respect to claim 11, Le et al. disclose wherein providing pulsed DC power to 

a target includes providing pulsed DC power to a target which has an area larger than· 

that of the substrate (See fig. 3). 

With respect to claim 12, Le et al. disclose further including uniformly sweeping 

the target with a magnetic field (Page 5, Paragraph [0073]). 

With respect to claim 13, Le et al. disclose wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction (Page 5, 

Paragraph [0073]). 

With respect to claim 20, Le et al. disclose conditioning a target (Page 4, 

Paragraph [0070]); preparing the substrate (Page 3, Paragraph [0065]); adjusting the 

bias power to the substrate (Page 4, Paragraph [0041]); setting the process gas flow 

(Page 4, Paragraph [0067]); and applying pulsed DC power to the target to deposit the 

film (Page 4, Paragraph [0071]). 

With respect to claims 2-4 and 6, One of ordinary skill in the art would have been 

led to the recited temperature, DC power, time pulse and bias power to routine 

experimentation to achieve a desire layer thickness, device dimension, device 

associated characteristics and device density on the finished wafer in view of the range 
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Art Unit: 2823 

Page4 

of values disclosed. Furthermore, Le et al. disclose that sets of process parameters 

depend on the specific process chamber (Page 6, Paragraph [0081]). 

In addition, the selection of temperature, DC power, time pulse and bias power, its 

obvious because it is a matter of determining optimum process conditions by routine 

experimentation with a limited number of species of result effective variables. These 

claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, time pulse and bias power or any unexpected 

results arising therefrom. Where patentability is said to be based upon particular 

chosen temperature, DC power, time pulse and bias power or upon another variable 

recited in a claim, the Applicant must show that the chosen temperature, DC power, 

time pulse and bias power are critical. In re Woodruf, 919 F.2d 1575, 1578, 16 

USPQ2d 1934, 1936 (Fed. Cir. 1990). 
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Le et al. do not disclose providing a DC power through a filter. 

Page 5 

With respect to claims 1 and 5, Fukui et al. disclose a sputtering process wherein 

the DC power supply (28) is connected through a band-pass filter. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Le et al. and Fukui et al. to enable the use of a DC power supply 

through a filter to be used in the process of Le et al. to adjust the impedance to have an 

infinite value so that no RF waves are superposed on a DC power form the DC power 

supply (Col. 6, lines 32-37). 

Allowable Subject Matter 

Claims 7, 14 and 21-24 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

Response to Arguments 

Applicant's arguments filed 7/23/04 have been fully considered but they are not 

persuasive. Applicant argues that Le et al. do not disclose a bias applied to the 

substrate. However, Applicant is directed to Page 5, lines 13-14, wherein Le et al. 

disclose applying a RF energy (bias) to the gas supplied to the substrate. 
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Page 6 

Applicant argues that Fukui does not teach a pulsed DC power supply. However, 

Fukui was not relied on upon for that purpose. Fukui teaches supplying power from a 

DC supply through a filter to the target. Fukui was relied on for the use of a filter to 

supply a power to the target. 

In response to applicant's argument that the examiner's conclusion of 

obviousness is based upon improper hindsight reasoning, it must be recognized that 

any judgment on obviousness is in a sense necessarily a reconstruction based upon 

hindsight reasoning. But so long as it takes into account only knowledge which was 

within the level of ordinary skill at the time the claimed invention was made, and does 

not include knowledge gleaned only from the applicant's disclosure, such a 

reconstruction is proper. See In re McLaughlin, 443 F.2d 1392, 170 USPQ 209 (CCPA 

1971 ). 

Applicant argues that utilizing a filter provided for a DC power supply is not 

obvious and may not be necessary in the system taught by Le because of the lack of a 

bias. However, Le discloses applying a bias to energize the gas being applied to the 

substrate, as explained above. Therefore, a filter may be used to provide the pulsed 

DC power through the filter since a bias is being applied. 

Applicant argues that there is no suggestion in Fukui that a pulsed DC power 

supply can be substituted for the RF power supply coupled to the target, nor would one 

skilled in the art be inclined to replace that RF power supply with a pulsed DC power 

supply. However, the Examiner is not substituting the pulsed DC power supply for the 
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Page 7 

RF power supply coupled to the target. The rejection is based on utilizing the filter of 

Fukui to be used in the pulsed DC power supply of Le. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 571-272-1855. The fax phone numbers 

for the organization where this application or proceeding is assigned are 703-308-7722 

for regular communications and 703-308-7724 for After Final communications. 
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Page 8 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

c&rada 
October 4, 2004 

Olik Ghl'mdhuri 
Supeivisory Patent f.xamlnar 

Technology Center 2800 
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Application No. Applicant(s) 

10/101,863 ZHANG ET AL. 

Office Action Summary Examiner Art Unit 

Michelle Estrada 2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) FROM 

THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any / 

earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )1:81 Responsive to communication(s) filed on 23 Julv 2004. 

2a)i:8] This action is FINAL. , 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parle Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1:8] Claim(s) 1-14 and 20-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1:8] Claim(s) 1-13 and 20 is/are rejected. 

7)1:8] Claim(s) 7.14 and 21-24 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawin~(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or deClaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some* c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 
2) D Notice of Draftsperson's Patent Drawing Review (PT0-948) 
3) i:8] Information Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 

Paper No(s)/Mail Date 7123104 912104. 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PT0-152) 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20041004 

J 
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Application/Control Number: 10/101,863 

Art Unit: 2823 

DETAILED ACTION 

Claim Objections 

Page 2 

Claim 14 is objected to because of the following informalities: in line 2, it appears 

that "12" should be deleted. Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 

the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

~ Claims 1-13 and 20 are rejected under 35 U.S.C. 103(a)°as being unpatentable 

over the combination of Le et al. (2003/0077914) and Fukui et al. (5,755,938). 

With respect to claim 1, Le et al. disclose providing pulsed DC power (22) to a 

target ( 14) (Page 4, Paragraph [0070]); providing bias power to a substrate ( 16) 

positioned opposite the target (Page 5, lines 13-14 ); providing process gas between the 

target and the substrate (Page 4, Paragraph [0067]). 

With respect to claim 7, Le et al. disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075]. 

With respect to claim 8, Le et al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Page 4, Paragraph [0067]). 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 500 of 1543



Application/Control Number: 10/101,863 

Art Unit: 2823 

Page 3 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076]). 

With respect to claim 10, Le et al. disclose wherein the process gas further 

includes nitrogen (Page 5; Paragraph [007 4]). 

With respect to claim 11, Le et al. disclose wherein providing pulsed DC power to 

a target includes pro,viding pulsed DC power to a target which. has an area larger than 

that of the substrate (See fig. 3). 

With respect to claim 12, Le et al. disclose further including uniformly sweeping 

the target with a magnetic field (Page 5, Paragraph [0073]). 

With respect to claim 13, Le et al. disclose wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet· in one direction across the target 

where the magnet extends beyond the target in the opposite direction (Page 5, 

Paragraph [0073]). 

With respect to claim 20, Le et al. disclose conditioning a target (Page 4, 

Paragraph [0070]); preparing the substrate (Page 3, Paragraph [0065]); adjusting the 

bias power to the substrate (Page 4, Paragraph [0041 ]); setting the process gas flow 

(Page 4, Paragraph [0067]); and applying pulsed DC power to the target to deposit the 

film (Page 4, Paragraph [0071]). 

With respect to claims 2-4 and 6, One of ordinary skill in the art would have been 

led to the recited temperature, DC power, time pulse and bias power to routine 

experimentation to achieve a desire layer thickness, device dimension, device 

associated characteristics and device density on the finished wafer in view of the range 
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of values disclosed. Furthermore, Le et al. disclose that sets of process parameters 

depend on the specific process chamber (Page 6, Paragraph [0081]). 

In addition, the selection of temperature, DC power, time pulse and bias power, its 

obvious because it is a matter of determining optimum process conditions by routine 

experimentation with a limited number of species of result effective variables. These 

claims are prima f~cie obvious without showing that the claimed ranges achieve 

une~pected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937- (Fed. ·cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable ·unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (seledion of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, time pulse and bias power or any unexpected 

results arising therefrom. Where patentability is said to be based upon particular 

chosen temperature, DC power, time pulse and bias power or upon another varlable 

recited in a claim, the Applicant must show that the chosen temperature, DC power, 

time pulse and bias power are critical. In re Woodruf, 919 F .2d 1575, 1578, 16 

USPQ2d 1934, 1936 (Fed. Cir. 1990). 

\ 
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Le et al. do not disclose providing a DC power through a filter. 

Page 5 

With respect to claims 1 and 5, Fukui et al. disclose a sputtering process wherein 

the DC power supply (28) is connected through a band-pass filter. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Le et al. and Fukui et al. to enable the use of a DC power supply 

through a filter to be !JSed in the process of Le et al. to adjust the impedance to have an 

infinite value so that no RF waves are superposed on a DC power form the DC power 

supply (Col. 6, lines 32-37). 

Allowable Subject Matter 

Claims 7, 14 and 21-24 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

Response to Arguments 

Applicant's arguments filed 7/23/04 have been fully considered but they are not 

persuasive. Applicant argues that Le et al. do not disclose a bias applied ta· the 

substrate. However, Applicant is directed to Page 5, lines 13-14, wherein Le et al. 

disclose applying a RF energy (bias) to the gas supplied to the substrate. 
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Applicant argues that Fukui does not teach a pulsed DC power supply. However, 

Fukui was not relied on upon for that purpose. Fukui teaches supplying power from a 

DC supply through a filter to the target. Fukui was relied on for the use of a filter to 

supply a power to the target. 

In response to applicant's argument that the examiner's conclusion of 

obviousness is bas~d upon improper hindsight reasoning, it must be recognized that 

any judgment on obviousness is in a sense necessarily a reconstruction based upon 

hindsight reasoning. But so long as it takes into account only knowledge which was 

within the level of ordinary skill at the time the claimed invention was made, and does 

not include knowledge gleaned only from the applicant's disclosure, such a 

reconstruction is proper. See In re McLaughlin, 443 F .2d 1392, 170 USPQ 209 (CCPA 

1971 ). 

Applicant argues that utilizing a filter provided for a DC power supply is not 

obvious and may not be necessary in the system taught by Le because of the lack of a 

bias. However, Le discloses applying a bias to energize the gas being applied to the 

substrate, as explained above. Therefore, a filter may be used to provide the pulsed 

DC power through the filter since a bias is being applied. 

Applicant argues that there is no suggestion in Fukui that a pulsed DC power 

supply can be substituted for the RF power supply coupled to the target, nor would one 

skilled in the art be inclined to replace that RF power supply with a pulsed DC power 

supply. However, the Examiner is not substituting the pulsed DC power supply for the 
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RF power supply coupled to the target. The rejection is based on utilizing the filter of 

Fukui to be used in the pulsed DC power supply of Le. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened ~tatutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be .calculated from the mailing date of 

the advisory action. In no event, however; will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 571-272-1855. The fax phone numbers 

for the organization where this application or proceeding is assigned are 703-308-7722 

for regular communications and 703-308-7724 for After Final communications. 
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Attorney Docket No. 09140-0016-00000 

IN THE UNITED S\ATES PATENT AND TRADEMARK OFFICE 
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ZHANG et al. 
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Filed: March 16, 2002 

For: BIASED PULSED DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Mail Stop AMENDMENTS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: Michelle Estrada 
) 
) Confirmation No.: 6938 
) 
) 
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SECOND SUPPLEMENTAL INFORMATION DISCLOSURE 
STATEMENT UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants bring to the attention of the 

Examiner the documents listed on the attached Form PTO/SB/08. This Information Disclosure 

Statement is being filed after the events recited in Section l .97(b) but, to the undersigned's 

knowledge, before the mailing date of either a Final action, Quayle action, or a Notice of 

Allowance. Under the provisions of 37 C.F.R. § l .97(c), this Information Disclosure Statement 

is accompanied by a fee of $180.00 as specified by Section l .17(p ). 

These documents, as summarized in the chart below, are U.S. patents and applications. 

that are possibly related to the pending application by subject matter. This submission should 

not be construed, however, as an admission of relatedness. 
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Planar optical devices 
and methods for their Steven H. VERSTEEG 
manufacture 

Planar optical devices 
and methods for their Steven H. VERSTEEG 
manufacture 

Method of Producing 
amorphous silicon for 

Steven H. VERSTEEG 
hard mask and 
waveguide applications 

As-deposited planar 
optical waveguides with 
low scattering loss and John M. HOFFMANN 
methods for their 
manufacture 

Mode size converter for a 
Steven H. VERSTEEG 
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Biased pulse DC reactive 
Michelle ESTRADA 

sputtering of oxide films 

Biased pulse DC reactive 
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sputtering of oxide films 
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PVD targets for dielectric Daniel J. JENKINS 
planar applications 
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Optical Coupling into 
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U.S. Patent Application No. 10/101,182 
Attorney Docket No. 09140-0016-00 
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Title Examiner 
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Storage Devices by 
Physical Vapor 

Not Yet Assigned 
Deposition of Titanium 
and Titanium Oxides and 
Sub-Oxides 

Transparent Conductive 
Oxides from a Metallic Not Yet Assigned 
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U.S. Patent Application No. 10/954,182 (Attoney Docket No. 09140-0016-01) is a 

continuation of the present application and has the same specification. 

For U.S. Patent Application No. 10/789,953 (Attorney Docket No. 09140-0030-00) the 

Applicants submit corresponding PCT publication. 

For U.S. Patent Application No. 10/851,542 (Attorney Docket No. 09140-0033-00) an.d 

U.S. Patent Application No. 10/850,968 (Attorney Docket No. 09140-0034-00), that have not 

been published yet, the Applicants submit copies of specifications as filed. 

The Applicants submit office actions issued by the U.S. Patent and Trademark Office in 

the above-listed applications. 

The Applicants also submit International Search Reports and Written Opinions issued in 

the Patent Cooperation Treaty applications corresponding to the U.S. Patent Applications listed 

above. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. Should 

-3-
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U.S. Patent Application No. 10/101,182 
Attorney Docket No. 09140-0016-00 

Customer No; 22,852 

the Examiner conclude that any of these claims form the basis of a rejection, the Examiner is 

invited to contact the undersigned. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any claim 

in the application and Applicants determine that the cited documents do not constitute "prior art" 

under United States law, Applicants reserve the right to present to the Office the relevant facts 

and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any additional fee due in connection with the filing of this Statement, please 

charge the fee to our Deposit Account No. 06-0916. 

Dated: December __L, 2004 · 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~~ 
Reg. No. 41,008 
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OPTICALLY COUPLING INTO HIGHLY UNIFORM WAVEGUIDES 

Background 

1. Technical Area 

[0001] The present invention relates to coupling of pump light into an -0ptical amplifier or a 

laser and, in particular, to coupling from a muJtimode laser diode in order to optically pump an 

optical amplifier or laser. 

2. Discussion of Related Art 

(0002) Use of directed energy bemns, such as those produced by amplifiers or lasers, are 

diverse and include applications in a wide range of fields, including biotechnology, m.edicine, 

semiconductor processing, manufacturing, image recording and defense. In biotechnology, 

dir'3cted energy beams are used, for example, in flow cytometry, DNA sequencing, con.focal 

microscopy, and hematology. Medical applications include use in ophthahnology, non-invasive 

surgery, and photodynamic therapy. In the semiconductor industry, applications include wafer 

inspection, rapid thermal processing, and scribing or marking. Image recording applications 

include, for example, high-speed printing, photo-processing, fil~ subtitling and holography. 

Industrial applications include, for exmnple, rapid prototyping, materials processing and scribing 

or marking. Additiona1ly, miJitary applications include range finding, target designation, lidar, 

and chemical or biological threat detection. The graphi.cs and printing industry, one of the 

largest businesses in the world, has a need for inexpensive laser systems for use in applications 

. such as thermal graphics. Such applications require a highly reliable, low noise laser or optical 

mnplifier at a low ~ost. 

[0003) Typica1ly, applications for directed energy beams require a laser or optical amplifier. 

An optical amplifier differs from a laser by the absence of a laser cavity. Both de~ces typically 

require an active optical material, for example rare-earth doped Y AG, ruby (Ah03:Cr), or other 

material, which can be optically "pumped," such that energy can be stored in the excited states 

of the active atoms or molecules by an optical pump source. Amplification of input optical 

radiation or stimulated emission for lasing then occurs when the same optical energy stored in 
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the excited states is coupled to the incident optical beam. 

[0004) Figure lA ·shows an example' of a side-pumped laser 100. Laser material 101 is 

· positioned in a laser cavity defined by mirrors 102 and 103 and is pumped by diode array 104. 

Diode array I 04 includes a series of laser diodes 105-1 through 105-N positioned to illuminate . 

all or most oflaser material 101. There are a variety of choices for laser diodes and laser diode 

arrays available to pump Nd or Yb doped Y AG, for example. In most applications, Nd:YAG is 

pumped at about 808 nm and Yb:YAG is pumped at about 940 nm. Choices for diode array 104 

. include 10-40W arrays, 40~50W single bars, and 240-600W stacked bars, for example. Arrays 

can· also be fonned from readily available 1-2W single laser diodes. 

[0005] Figure lB illustrates the optical density in a cross section oflaser material ~01 in 

side-pumped laser 100 of Figure lA. As is shown in Figure lB, the optical density is greatest 

in the center of laser material 101 where the. laser beam is located. However, much of the pump 

energy is dissipated in areas of laser material 101 that are not actively involved in the lasing 

process. Therefore, side pumping techniques are inherently inefficient. 

[0006) As is illustrated in Figure lA, the laser beam is directed between mirrors 102 and 

103, where a percentage of the beam is transmitted through mirror 103. Figure 2 illustrates the 

shape of a laser beam in a laser cavity such as in laser 100. The closer the laser beam is to its 

diffraction limit in laser material 101, the greater the depth of field and the smaller the diameter 

of beam handling optics (for example mirrors 102 and 103) required to transmit the beam. The 

ratio of the divergence.of the laser beam to that of a theoretically diffraction limited beam of the 

same waist size in the TEMoo mode is usually given as M2=(E>/9), where E> is the divergence 

angle of the laser beam and e is the divergence angle of the theoretical laser beam. The angular 

size of the laser beam in the far field will be M2 times the size calculated for a perfect Gaussian 

bemn, i.e. E>=M2(2A/Wo) for a beam waist diameter of2W0• 

[0007) Figure l C illustrates an end-pumping arrangement for pumping laser material 101. 

Jn the arrangement shown in Figure l C, laser material 101 is again placed in a laser ~avity 

fonned by mirrors 102 and 103. The laser optical energy transmitted through mirror 103 is 

reflected by a dichroic beam splitter 114 to form the beam. Optical energy from pump source 

116 is incident on lens 115 and passes through dichroic beam.splitter 114 and mirror 103 to 

focus in a nearly diffraction limited region oflaser material 101. The beam from pump source 

116 is reduced to a size. and shape that resembles the shape of the laser beam shown in Figure 2 
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in active material 101. Additionally, a second pump source 110 can be focused by lens 113 · · . 
through mirror 102 and into laser material 101. In some embodiments, additional optical energy 
can be coupled into laser material 101 from pump source 111 using a polari~ing beam splitting 
cube 112, which tr~smits light from pump source 110 while reflecting light from pump source 

111. 

(0008) A cross section oflaser material 101 ilJustrating optical power concentration is shown 
in ;Figure ID. As can be seen in Figure lD, nearly all of the pump power, as well as the laser 
beam, is focused in the active region of laser material 101, where the laser beam produced by 
laser 117 is produced. 

[0009) As is pointed out in U.S. Patent 4,710,940 to D. L. Sipes, Jr, issued on December 1; 
1987, to a first approximation, and not being limited by theory, the higher the pump power 
density the more efficient is the use of pump power: This concept is illustrated in the graphs 
shown in Figures 1 E and 1 F. Figure IE shows the photon conversion efficiency (i.e., the 
number of pump photons versus the number of output laser light photons) with increasing mirror · 

1 • • 

reflectivity at various input optical power densities. Higher mirror reflectivity increases the 
optical power density within the laser cavity. At higher pump power densities, higher 
efficiencies result. Figure lF shows photon conversion efficiencies as a function of pump 
power for vanous spot sizes, which shows the same trend of higher efficiency with optical 
density as does the:graph shown in Figure IE. ·Spot size refers to the diameter of the optical 
pump in the optically active laser material. 

[OOIO) Table I shows typical power usage and lifetime characteristics for a side pumped laser 
100 ~s shown in Figure IA, an end-pumped Jaser 117 as is sJiown in Figure IC, and a lamp 
pumped laser. As expected, the diode end-pumped laser 117 has the greater efficiency. 
However, end-pumped laser systems have more optical components and therefore are difficult to 
align. 

[0011] TypicalJy, the optical beam from a laser diode outputs is highly assymmetric. \ 
Therefore, light from the diodes is difficult to couple into the active material, e.g. laser material 
101, of an optical ampJifier or a laser. However, as shown in TabJe I, the lifetimes,' efficiency, 
and expense of various laser. diode configurations make them very attractive as pump sources for 
optically active devices. 
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Table I 
Lamp Diode End- Diode Side-
Pumped Pumped Pumped· 

Power to Pump Source sooow 2.5W 50W 

Power to Cooling System 500W 2.5W sow 
Power from Pump Source 3500W 1.25W 20W 

... 
Single-Mode Power from Las~r IOW 0.8W IOW 

' ' ' 

·Wall-Plug Efficiency 0.2% 16% 10% 

Cooling Water Free Air Forced Air 

Power Consumed/Output kW-hr 500 kW-hr 6.5 kW-hr IO kW-hr 

Cost of Light Source $200 $400 $1000 

Lifetime .of Light Source 200 hrs 20,000 hrs 10,000 hrs 

[0012) Multirnode laser diodes are highly desirable optical pump sources as they ate 
inexpensive to manufacture and are capable of producing much higher power.levels than single 
mode lasers. Multimode lasers are more reliable than single-mode lasers as they have lower 
output power densities reducing the risk of catastrophic facet damage, the primary cause of laser 
diode failure. However the.light emitted by a multim.ode laser diode is very asymmetric. 
Typically, the laser diode emitting aperture has dimensions on the order of 1 µm x 1 OOµm. It is 
very difficult and costly to coJlect and couple light emitted by a multimode laser diode into the 
end facet of a single-mode optical.waveguide or fiber. 

[0013] Most conventional waveguide ampJifiers' and lasers include one or more waveguide 
cores doped with active ele~ents, such as Er, Yb, Nd and Tm, and are designed such that the 
waveguide can support coaxially propagating single-mode output and pump light. The outjlut 
power of a single-mode, single laser pumped amplifier or laser is often limited to about 20d.Bm 
(1 OOm W) by the power levels of available single-mode pump lasers. Single-mode pump lasers 
require more precision manufacturing tolerances and are consequently more expensive to 
pr~duce than muJtimode lasers. As a resuJt complex and costly schemes are required to pump 
arrays of waveguide optical amplifiers .and lasers. Pump light has to be distributed to each 
amplifier channel or laser element, requiring combinations of splitters, combiners, taps, monitors 
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and associated control electronics to effectively manage the distribution. Polarization sensitivity 

of waveguide elements further complicates the distribution process. 

[0014] Therefore, there is a need for optical laser devices capable of efficiently coupling 

light from a laser diode into the active region of a laser cavity that is cost effective and reliable, 

and that produces high optical output power. 

Summary 

[0015) In accordance with the present invention, an optical waveguide device that couples . 

light from at least one laser diode into a high refractive index contrast slab waveguide i~ 

presented. hi some embodiments, the high refractive index contrast slab waveguide includes a 

light duct in a horizontal plane in order to receive light from the at least one laser diode. In some 

embodiments, the high refractive index contrast slab waveguide includes a high refractive index 

active waveguide and an intermediate refractive index passive cladding. 

(0016] hi some embodiments, the high refractive index.contrast slab waveguide· is folded in a 

horizontal axis. In some embodiments, the intermediate passive cladding is thick enough in the 

vertical axis to capture a substantial amount oflight from the at least one laser diode in the 

vertical direction. In some embodiments, light tran~mitted from the optical waveguide device is 

efficiently coupled into single mode optical fibers by mode size converters. 

[0017) 

figures. 

These and other aspects of the present invention are further described in the following 
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·short Description of the Figures 

[0018) Fi_gures lA and' lB i11ustrate a side-pumped solid-state laser. 

[0019) Figures JC and ID illustrate an end-pumped solid-state laser. 

'. 

[0020) Figures lE ·and 1 F show graphs illustrating higher pump efficiency with higher 
optical densities. 

[0021) Figure 2 iJlustrates the characteristics of a typiCal laser beam in a laser cavity. 

[0022) Figures 3A and 3!J ilJustrate integration ofphotodetectors and laser diodes with 
planar waveguides. 

(0023) Figure 4 ilh.istrates a butt-coupling technique for optically coupling between a laser 
diode and a waveguide. · 

[0024) Figures SA, SB and SC illustrate integrated coupling chips for coupling optical 
energy from a single mode laser diode chip. 

[0025) Figures 6A and-6B illustrate a coupling chip for coupling optical energy from a 
multi-mode laser diode array to a multi-mode optical fiber in accordance with the present 
invention. 

[0026) Figures 7 A and ·7B i11ustrate a coupling chip for coupling optical energy from a 
multi-mode laser diode array to a single mode optical fiber in accordance with the present 
invention. 

[0027) Figures SA and SB illustrate an embodiment of an amplifier chip according to the 
present invention. 

[0028) Figure 9 ilJustrates the optical materials utilized in waveguides according to the 
present invention. 

[0029) Figures l OA, l OB, and l OC illustrate an efficient mode size conversion for vertical 
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pwnping of an amplifier core. 

[0030] Figure 11 illustrates a monolithic array beam concentrator chip according to the 

present invention. 

[0031] Figures 12.A and 12B illustrate the mode images for two example waveguides 

according to the present invention. 

[0032] Figure 13 illustrates a Vertical Cavity Surface Emitting Laser (VCSEL) pumped 

microchip laser according to the present invention. 

Detailed Description 

[0033] . Lasers and other light sources have great utility when able to produce high optical 

power densities The speed and effectiveness of the interaction oflaser power or energy with 

materials is in direct proportion to the brightness and intensity of the power or energy that the 

laser can deliver to the material. -The highest brightness or intensity of a laser output beam is 

obtained when the beam is confined to the fundamental, lowest order transvers~ electromagnetic 

mode (TEMoo). Therefore, single transverse mode is the highest brightness form of a laser's 

output, which is the laser's most desirable property. 

(0034] In accordance with some embodiments of the present invention, a high refractive 

refractive index contrast multimode slab waveguide of an appropriate design to collect and 

contain a high proportion of the light emitted by a single or multi-element multi-mode pump 

laser diode and efficiently couple that light into an assembly of actively doped single-mode 

waveguides embedded within the.slab is presented. The light from the pump source, then, is 

efficiently coupled into one or more aqtive regions through the effects of the differences in 

refractive index between the slab material of the waveguide and the cladding material around the 

slab. Both the slab material and the cladding material can be deposited with a high degree of 

uniformity and control in order to obtain the coupling. Further, the embedded active core 

material of the waveguide can also be manufactured with a high degree of uniformity an.d 

control. 

[0035] In some embodiments of the invention, long, single-mode waveguides are folded 

many times to accommodate lengths greater than the dimensions of the pumped, encapsulating 
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multimode slab waveguide. The single-mode waveguide cores can be folded in such a manner as 

to optimize the effective absorption cross-section they present to the guided multimode pump 

. light flux while minimizing losses due to bending experienced by propagating single-mode 

signal light. The effic~~ncy of absorption of pump light from the multimode laser diodes by 

single-mode actively doped waveguide cores is a function of the ratio of the effective cross

section areas of the single-mode and multimode waveguides. 

[0036] In som~ embodiments of the invention, the multimode slab waveguide ifselfis 

pumped. This effect can result in a slap light source. 

[0037) In some embodiments, the dimension of the multimode slab ~aveguide enables 
I 

conservation of high power densities of the light emitted by the pump laser diode elements, while 

not increasing the difficultly and reducing the effectiveness of direct coupling between the laser 

diodes and the edge facet ofthe·slab waveguide. High pump power densities are particularly 

important for three-level active systems where natural ground state absorption must first be 

bleached out before gain can be achieved. 

[0038) In some embodiments single-mode light emitted by the laser diode in its fast axis 

direction (i.e., the direction oflarger laser beam divergence) is converted to multiple-mode light 

immediately after the light enters a slab waveguide, thereby limiting the return path :for pump 

energy to the pump laser source. Such an arrangement increases the pumping efficiency because 

more light is available for pumping. 

(0039) Lasing and optical amplification processes are processes of energy conversion. 

Energy is pumped into exciting active elements in the active material, where the energy is stored, 

from any energy source, commonly optical, which is capable of exciting the active elements. 

Energy stored in the excited active elements, then, is released when the excited active element is 

induced by a signal, such as when the active element is perturbed by presence of another photon, 

into releasing the energy in the form of an optical photon. For example, energy from the excit-ed 

states of a laser material is released in a highly coherent form by stimulated emission. The 

· efficiency of the conversion process is a key factor in determining the cost-effectiveness of a 

particular laser or optical amplification or conversion process. 

(0040) Planar waveguide forms of optical amplifiers and lasers are desirable as they are very 

compact.compared to other forms of optical amplifiers and lasers. In addition, a planar 
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waveguide form potentially allows the integration of diverse optical and electronic functions on~ 

for example, silicon wafers which can be manufactured in high volumes and at low cost with 

processes commonly used in the semiconductor-industry. In addition to waveguides, slab 

emitters are desirabl~ as efficient light sources. . 

(0041) Figure 3A, for example, illustrates integration of an optical waveguide 301 with a 

photodetector (PD) 302. Photodetector 302 is fonned on semiconducting layer 305.. An optical 

layer 303 is formed over photodiode 302 and waveguide 301 is fanned on optical layer 303. 

Light traveling through waveguide 301 can be coupled onto photodetector 302 at coupler 306. 

[0042] Figure 3B illustrates integration of pump laser diodes 310 with an active material · · 

waveguide 311. As shown in Figure 3B, laser waveguide 311 is ·fonned on an optical layer.313. 

optical layer 313 is fanned over laser diodes 310, which are formed on semiconducting layer 

312. In some embodiments, laser diodes 310 can be formed to the side of optical waveguide 

311, over optical waveguide 311, or in any other orientation with respect to optical waveguide 

311 that allows pumping of the active dopant ions of optical waveguide 311. 

[0043) Figure 4 illustrates coupling of a laser diode chip 410 with a high refractive index 

contrast {.6n) waveguide 411. The method of coupling illustrated in Figure 4 is referred to as 

"butt coupling," where laser diode 410 is a single-mode semiconductor laser diode output facet 

positioned to within about 5 µm of high ~n rectangular waveguide 411 in order to correct for 

mode astigmatism; thereby reducing coupling loss. In some embodiments, about a 50% coupling 

can be achieved with this method utilizing uncoated facets. Unfortunately, customer demand is 

for greater than 80-85% coupling efficiency for laser diodes with complex, non-gaussian mode 

output profiles. Therefore, conventional butt-coupling techniques are not meeting customer 

demand. 

(0044] Figure SA illustrates a laser coupling chip 501 that couples light from a laser diode 

506 to an optical fiber 507. Coupling chip 501 includes a waveguide 502 with·an integrated 

photodiode 503 to allow for down-stream power monitoring. In some embodiments, photodiode 

503 may couple about 0.02 dB to about 0.05 dB of the optical power in waveguide 502 to 

·provide optical coupling. A dual-core mode size converter 504 can be fonned in coupling chip 

501 to optimize for efficient optical coupling to optical fiber 507. Dual-core mode size converter 

504 can couple light to optical fiber with a coupling loss of about 0.25 dB. The resulting total 

loss ofless than 1 dB in laser coupling chip 501 results in a greater than 80% coupling efficiency 
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between laser diode 506 and optical fiber 507. However, there remains the problem that the .. 

coupling efficiency between las.er diode 506 arid coupling chip 501 is less than 80%. 

[0045] In some embodiments, coupling chip 501 can be fonned on a millimeter-scale chip 

sized to fit a standard 14-pin butterfly package. Further, in order to achieve optimum coupling. 

efficiencies, the slow-axis and fast-axis alignment between laser diode 506 and coupling chip 

501 requires sub-micron positioning precision. 

[0046] Figure SB sh~ws a single mode laser diode array coupler chip 508. Light from laser 

diode array 520 is coupled into waveguides 521, 522, 523, and 524. Waveguides 521, 522, 523 

and 524 are each integrated with a photodetector 525, 526, 527, and 528, respectively, as is 

discuss~d above with regard to Figure SA. Further, mode size converters 529, 530, 53~, and 532 

fonned in waveguides 521, 522, 523, and 524, respectively, efficiently couple light into optical 

fibers 533, 534, 535, and 536, respectively. ·Light from diode array 520, then, is coupled through 

optical fibers 521, 522, 523, and 524 into optical fibers 533, 534, 535, and 536. Figure SC 

shows a single mode laser diode array coupler chip 509 similar to diode array coupler chip 508 

with a pitch size converter 540, which provides for closer packing of optical fibers 533, 534, 535, 

and 536. 

[0047] Other pumping schemes are described, for example, in U.S. Patent 6,236,793, issued 

to Lawrence et al. on May 22, 2001; U.S. Patent 4,710,940, issued to Sipes; U.S. Patent 

4,785,459 issued to Baer on November 15, 1988; and at Lawrence Livermore National Labs. In 

a system proposed by Lawrence, et al., the pump light is reflected into the active y.raveguide core 

by reflecting the pump beam from a prism. Signal power is then transmitted through the prism 

into the waveguide core. However, in this configuration alignment of the optics directing the 

pump power into the waveguide core for efficient pumping needs to be arranged such that the 

waist of the beam is incident on the waveguide core. This results in a large alignment problem 

for efficiently coupling the pump power into the waveguide core. The arrangement proposed by 

Sipes involves an array of laser diodes arranged along the comers of a pumping path, for 

example a zig-zag pattern, such that pump power from multiple laser diodes are coupled into an 

active.waveguide. The arrangement proposed by Baer includes a side pumped actiye material 

block with zig-zagging of the signal bea, through the active material for maximum interaction. 

[0048) Lawrence Livermore National Labs has proposed a high output Yb:Y AG laser system 

that utilizes ~ diode bar stack and a lens duct that brings the pump light from the diode bar stack 
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into a Yb:YAG laser rod. About an 80% coupling efficiency can be achieved in this fashion. 

However, this solution requires a bulk laser rod and a large lens duct to direct light from the 

diode bar stack into the laser rod. 

[0049] Some embodiments of the present invention can utilize multimode laser diodes in the 

form of single elements or arrays, to efficiently pump compact, single-mode, planar waveguide 

optical amplifiers, lasers, and slab devices, which can be integrated with other optical and 

electronic functions and.manufactured inexpensively in high volumes with semiconductor 

industry techniques. As shown in Figures 6A and 6B, the output light'from a multirnode laser 

diode 610 is single-mode in the vertical plane (the fast axis) and multimode in the horizontal 

plane (the slow' axis). Therefore, the output beam diverges very rapidly in the verticat'axis (the 

fast axis) but slowly diverges in the horizontal plane (the slow axis). 

[0050] Figures 6A and 6B illustrate coupling oflight from a laser diode array into a planar 

waveguide in accordance with the present invention. As shown in Figures 6A and 6B, the lighi 

beam from multimodefaser diode array 610 diverges less in.the slow axis direction (shown in 

Figure 6A} than it does in the fast axis direction (shown in Figure 6B). The output beams from 

laser diode array 610 diverge more in the vertical axis {shown in Figure 6B) than in the 

horizontal axis (shown in Figure 6A). Embodiments of the present invention take advantage of 

the slow divergence in the horizontal axis to increase the optical density in high refractive index 

waveguide 612. Coupling chip 611 can include a large lens duct 613 to direct light into high 

refractive index waveguide 612. The·material of waveguide 612 and lens duct 613 can be the 

·same material and can be deposited and patterned on a substrate' in the same series of processing 

steps. Light from waveguide 612 can then be coupled into multimode fiber 614. 

[0051) A higher optical power density, then, can be achleved utilizing less expensive 

multirnode laser diode bars, rather than single mode laser diode arrays, and coupling the optical 

output from multiple ones of the laser diodes in diode array 610 into waveguide 612. Higher 

coupling efficiency is achieved by utilizing a light duct 613 formed with waveguide 612. 

Further, the horizontal aJignment between diode array 61 O and coupling chip 611 is not critical, 

so long as the light beams are directed toward duct 613. As shown in Figure 6B, alignment in 

·the vertical axis (i.e., the fast axis) is somewhat critical because of the large diver.gence ·of the 

light output from diode array 610 in that direction. 

[0052) The pump light from the laser diode can be constrained within the confines of the 
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high 6n slab waveguide and therefore no critical alignment exists between the laser diode arid 

the active waveguide, as would be true for conventional pumping configurations as has been 

discussed above. Further, there is no need to maintain single-mode propagation in the horizontal 

direction, as alignme~t tolerance are relaxed in the horizontal plane. In the v~rtica~ plane, a 

single optical mode can be excited to obtain maximum power density by using more precise 

alignment. When maximize power density is not required, the alignment tolerances in the 

vertical plane can also be relieved by using a thicker high refractive index contrast slab 

waveguide and allowing 'the light to propagate multimode in the vertical direction as well . 

. [0053) Figures 7 A and 7B illustrate coupling utilizing a double-clad core. As shown in 

Figure 7A, light from one ot more laser diodes 710'ofmultimode pump.diode array 702 is . 

coupled into waveguide 703 of coupling chip 701. Again, a lens duct 704 can be formed with 

waveguide 703 to direct light from laser diodes 710 in diode array 702 into waveguide 703. In 

coupling chip 701, Jigbt from waveguide 703 can be coupled into single-mode fiber 705. 

[0054) Figure 7B shows a cross-section of waveguide 703. Wavegujde 703 includes a 

single-mode core 706. Single-mode core 706 can be formed, for example, from rare-earth doped 

A}i03, Y203, or Ti02 to form a high refractive index core. Single-mode core 706 can be 

surrounded by a multi-mode cladding 707 having a lower refractive index than that of single

mode core 706, which. can be formed from an· intermediate refractive index contrast material 

such as A}i03 or Y 203. In some embodiments, the dimensions of multi-mode cladding 707 can 

capture most or all of the light output from laser diode array 702. Waveguide 7.03 can be formed 

on, for example, a silica or aluminasilicate buffer layer 709 deposited on a substrate. A second 

buffer layer 708 can be formed over waveguide 703. 

[0055) In this way, coupling chip 701 can provide efficient conversion oflow optical power 

density light emitted from directly-coupled multimode laser diode bars to high optical power 

density. Where high-refractive index contrast core 706 is optically active, ~ laser can be formed 

by including a laser cavity, which can be fonned by depositing mirrors on the ends of chip 701. 

. [0056) Very high optical-to-optical efficiencies (e.g., greater than 80%) can be achieved in 

coupling chip 701. For example, a multimode laser diode operating at a wavelength of 920 nm, 

is efficiently coupled into a single-mode output laser at about 1100 nm utilizing an active 

waveguide 706 formed from double-clad Yb-doped sHica, for example. 
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[0057] Having efficiently coupled the multimode pump light.into a high refractive index.slab 

waveguide which is multimode in the horizontal plane and may or may not be single mode in the . 

vertical plane, a single mode active waveguide located in the high refractive index portion of the 

slab will be efficient1y pumped. Such active areas are shown; for example, in Figures SA and 

SB. In some embodiments, the active region of the waveguide can be "folded" or routed through 

many loops in order to increase the length of active material pumped and thereby increase the 

amplification in the waveguide. 

[0058] An embodiment of a folded active region embedded within the large high refractive 

index slab is shown in Figures SA and ·sB. One skilled in the art will recognize that any 

appropriate configuration or routing of active area waveguide within the slab can be utilized. For 

example, zig-zag configurations may also be utilized in addition to the spiral configuration 

shown in Figure 8.A,. Additionally, linear arrays of active regions may be utilized. 

[0059] Figure SA shows the slow axis view (i.e., the horizontal view) and Figure SB shows 

the fast-axis view (i.e., the vertical cross section) of an active waveguide amplifier or laser chip 

801 pumped by a multimode laser diode array in accordance with the present invention. A_s 

shown in Figure.SA, a single mode high refractive index contrast core 803 is arranged on chip 

801. Although a spiral arrangement is shown in Figure SA, any arrangement that provides a 

· long signal path between a single mode input fiber 807 and a single mode output fiber 808- can be 

implemented. Light output from laser diode array 802 is captured by an intennediate refractive 

index contrast cladding layer 804 in which the single-mode high refractive index contrast active 

waveguide 803 is ~mbedded. Figure SB shows a cross section of an area of chip 801 with 

multiple crossings of single-mode high refractive index contrast active waveguide 803. As an 

example, active waveguide 803 can be formed from Yb~doped Ah03, Y20 3 or Ti02• 

Intermediate refractive index contrast cladding 804 can be formed from Al~03 or Y20 3• In this 

arrangement, a high pump-power density can be achieved in multi-mode cladding 804, which 

results· in highly efficient pumping of active waveguide 803. 

[0060] Multi-port amplifiers can be obtained by routing multiple folded regions of active 

waveguide such as waveguide 803 within the high illl slab 804 of chip 801. For example, 

multiple active cores may be routed together as shown in Figure SA. A single multimode pump, 

therefore, can be shared arno~g several single-mode active amplifying waveguides without the 

need to split the pump light and separately distribute the light to activate the single-~ode 
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amplifying waveguides separately. There is, therefore, no need for p~p splitters or 

multiplex~rs. Further, the higher area of the active region increases absorption of the pump light, 

reducing the need for mirrors to rout the pump light through the active regions multiple times. 

[0061] Figure 9 illustrates :material depositions that provide high grade, optically · 

transparent, highly uniform slab waveguides with highly controllable 611 values. The production 

of such waveguides is further disc_ussed in U.S. Application Serial No. 09/903081, "As

Deposited Optical Waveguides with Low Scattering Loss and Methods for Their Manufacture," 

by Demaray et al, fiJed on iuly I 0, 2001; U.S. Application Serial No. 10/101863, "Biased Pulse 

DC Sputtering of Oxide Films, by Zhang et al., filed on March 16, 2002; U.S. Application Serial 

No. 101101,341, "Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar Applications," by 

·Milonopoulou et al., filed on March 16, 2002; and Application Serial No. 09/633307, "Planar 

Optical Devices and Methods fo~ their Manufacture," by Demaray et al., filed on August 7, 2000, 

each of which is incorporated by reference herein in its entirety. 

[00621 Waveguide materials used to form active core w~veguides, passive waveguides, and 

claddings consistent with embodiments of the present invention can be deposited by biased 

pulsed DC plasma vapor deposition (PVD), as described i~ U.S. Application Serial No. 

10/101,341 (the '341 application). The physical characteristics of the optical material deposited 

by biased pulsed DC PVD depends on various process parameters, as discussed in the '341 , 

application. A device, including photodetectors and other electronics, such as those shown in 

Figures 3A through 8B and discussed above, can be fabricated by depositing one or more active 

or passive optical layers and patterning the optical layers to form the waveguides and lens ducts 

as shown. In some applications, several deposition and patterning steps may be applied to form 

the desired structures. 

(0063) As shown in Figure 9, which shows active and passive waveguide materials of highly 

amorphous, defect free films <?f aluminasilicated deposited by biased pulse~ DC PVD. Further, 

the films have very high optical transparency, for example below 0.3 db/cm loss and, in some 

deposited films, less than about 0.1 db/cm loss. Therefore, deposition of films utilizing biased 

pulsed·DC PVD are useful for pr'!viding structures for optical coupling devices, optical 

amplifiers, and optical laser structures for highly efficient coupling of pump sources as has been 

discussed above. 

(00641 In bia:sed pulsed DC PVD, deposition is performed in a vacuum deposition chamber. 
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A substrate is mounted on a support which also provides an RF bias voltage to the substrate. RF · 

power is supplied to a target formed from material tQ be deposited as-gas is allowed into the 

chamber. A plasma is excited in the .gas and the material is deposited on the substrate. Further, a 

pulsed DC signal is provided to the tar.get. Further details regarding the depos.ition process are 

provided in the '341 application. 

[0065). Cou~ling of light, for ~xample from optical fiber 807 into waveguide 803, through 

efficient mode size conversion is illustrated in Figures 1 OA, 1 OB, and 1 OC. Vertically tapere~ 

mode-size conversion is fu~her discussed in U.S. Application Serial No. 10/101492, ''Mode Size. · 

Converter for a Planar Waveguide," by Tao et al, filed on March 16, 2002, herein incorporated 

by reference in its entirety. A very smooth.vertical taper can efficiently couple light from optical 

fiber 807 into high refractive index contrast, core waveguide 803 very efficiently. Figure lOB 

shows the mode 'size of an optical beam at a point where light enters waveguide 803. Figure 

1 OB shows a significantly smaller mode size in the region of waveguide 803 after the adiabatic 

S-taper. mode size converter 1001. Mode size converter 1001 can be produced in a biased 

pulsed-DC PVD process with a shadow mask. 

[0066) Table II shows modeling of mode di::uneter at the output facet of a mode 'converter for 

various core/cladding refractive index contrasts 8n. The dimensions in Table II refer to the 

dimensfons of the output facet of the rectangular mode converter. 

Table II 
An 1.0 µm x 1.0 µm 1.5 µm x 1.5 µm 2.0 µm x 2.0 µm 2.5 µrn x2.5 µm 

0.43% 38 µm 35 µm 14.µm 6µm 

0.3% 36µm 20µm 16 µrn 

0.2% 32µm 24µm 

[0067) Figure 11 illustrates an image concentrator 1101 for adiabatically compressing the 

diameter of the mode output by a passive1y Q-switched microchip laser array. hnage 

concentrator 1101 employs a reverse taper 1106, such as that first disc)osed in U.S. Application 

Serial No. 10/101492 to Tao et al. Reverse taper 1106 can be formed vertically and/or 

horizontal1y and thereby provides coupling into a smaUer mode size. A further embodiment 

includes a pitch size conversion such as that illustrated in Figure SC. Embodiments of the 
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invention enable the mode size and pitch size conversion of individually addressable microchip 

laser array, so as to be tailored to standard print pixel densities for use in direct printing and 

micromaching applications. 

[0068] hnage concentrator 1101 can include an addressable array pwnp bar 1102 which is 

capable of ad~ressing and exciting individual pixels of a microchip bar 1103. Array pwnp bar 

1102 includes an array of laser <Hodes which produce light when individually addressed. 

Microchip bar 1103, which provides amplification as was discussed in Figures 6-8.' Beam 

concentrator chip 1104 can 'include light ducts or vertical tapers in order to collect a substantial 

amount oflight from microchip bar 1103. Further, a vertical reverse taper 1106, as is described 

in U.S. Application Serial No. 10/101,492, a}Jows for a compressed output mode. As shown in 

·Figure 11, the mode of the beam output by beam concentrator chip 1104 is much smaller than 

the mode of the beam in microchip bar 1103 .· In some embodimentfl:amonolithic array beam 

concentrator chip can convert 50 µm or 90 µm diameter single mode spots from microchip bar 

1103 into 20 to 25 µm diameter spots. 

[0069) Figures 12A and 12B show mode sizes for some weakly~confined mode propagation 

in waveguides. Figure 12A illustrates a 6.2 µm mode diameter at the output ~acet ofa 1.5 µm x 

3.5 µm waveguide for 980 nm light with a refractive index contrast .6n between the core and the 

cladding of about 1 %. Figure 12B i11ustrates a 7 .6 µm mode diameter at the output facet of a 

1.25 µm x 3.5 µm waveguide for 980 nm light with a.refractive index contrast of about 1 %. As 

is shown in Figures 12A and 12B, the optical energy is concentrated in the center of the facet. 

· [0070] Table III illustrates facet damage considerations in a image concentrator such as 

image concentrator 1101 shown in Figure 11. Table III illustrates, for representative pixel 

densities, the mode size required, the distance between modes, and the resulting power density in 

image concentrator 1101. The value· of 14.2 for power density shown for 2400 dpi pixel density 

exceeds the damage threshold of Quartz. 

Table Ill 
Pixel Density Mode Pitch/Mode Power Density at Collimation Distance 

(dpi) Size Facet (GWcm"2) . (µm) 

600 42 0.9 . 842 

1200 21 3.6 210 
2400 11 14.2 53 

-16-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 537 of 1543



WO 2004/021532 PCT/US2003/024809 

[0071] Figure 13 illustrates a vertical cavity surface emitting laser (VCSEL)-pumped 

microchip 1401 according to the present invention. VCSELs 1401 can be deposited on a GaA~ 

. substrate 1402. VCSELs 1401 include a dichroic output facet coating. An active gain medium 

1404 can be deposit~d directly over VCSELs 1403. Active gain medium 1404. can be, for 

example, Nd, Yb, Er, Tm, Ho, Pr, or Ce doped silica. A saturable absorber 1405 can be 

deposited over gain medium 1404. Saturable absorber 1405 can be, for example, a Cr4+ or 

Co2+ doped silica film. A VCSEL pumped microchip 1401 can be fabricated using high volume 

wafer-scale semiconductor manufacturing techniques. The doped silica used for saturable . 

absorber 1405 and active gain medium 1404, for example, can be deposited by biased pulsed-DC 

PVD processing techniques. 

[0072) The embodiments discussed here are examples only and are not intended to be 

limiting of the invention. One skilled in th~ art will recognize multiple variations that are 

intended to be within the spirit and scope of the present disclosure. 
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I claim: 

1: An optical waveguide device, comprising, 

at least one l~er diode; and 

at least one high refractive index contrast slab waveguide coupled to receive light from 

the at least one laser diode, 

... ' 

. wherein the slab waveguide is deposited by biased jmlsed DC plasma vapor deposition. 

2. The optical waveguide device of claim 1, wherein the slab waveguide is formed from a highly 

amorphous film. 

3. The optical waveguide device of claim 1, wherein the slab waveguide is highly optically 

transparent. 

4. The optical waveguide device of claim 1, wherein the slab waveguide has a high surface 

smoothness. 

5. The optical waveguide device of claim 1, wherein the high-refractive index contrast slab 

waveguide includes a lens duct. 

6. The optical waveguide device of claim 1, wherein the at least one laser diode comprises a 

diode array. 

7. The optical waveguide device of claim 1, wherein the high refractive index contrast slab 

waveguide includes a high refractive index active waveguide and an intermediate refractive 

index passive cladding. 

8. The optical waveguide device of claim 7, .wherein the high refractive index contrast sla~ 

waveguide is folded in the plane of the slab. 

9. The optical waveguide device of claim 7, wherein the intermediate passive cladding is thick 

enough in the .vertical axis to capture a substantial amount of 1.ight emitted from the at least one 

laser diode. 

10. The optical waveguide device of claim 1, wherein the high refractive index contrast slab 

waveguide includes a mode-size converter. 
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11. The optical waveguide device of claim 1, wherein the at least one laser diode is a vertical . 

cavity surface emitting laser and the high refractive index contrast waveguide is deposited over 

the vertical cavity surface emitting laser. 

12. The optical waveguide device of claim 1, wherein the high refractive index contrast slab 

waveguide includes an array of.waveguides. 

13. The optical waveguide device of claim 11, wherein a mode size of an optical b~ 

transmitted by the high refractive index contrast slab waveguide is less than a mode size of·an 

incident optical beam. 

14. The optical waveguide device of claim 12, wherein the high refractive index contrast slab 

·waveguide includes at least one vertical reverse taper. 

15. A method of coupling pump light into a gain medium, comprising: . 

depositing the gain medium by a biased pulsed-DC plasma vapor deposition process; 

forming a high refractive index contrast waveguide from the gain medium; ~d 

directing pump light into the high refractive index contrast waveguide. 

16. The method of claim 15, wherein forming a high refractive index· contrast waveguide 

includes patterning the gain medium. 

17. The method of claim 16, further including depositing an intermediate refractive index 

contrast material over the high refractive index contrast waveguide. 

18. The method of claim 16, wherein patterning the gain medium includes forming a lens duct. 

19: The method of claim 16, wherein patterning the gain medium includes forming a horizontal 

taper. 

20. The method of claim 16, wherein depositing the gain medium includes forming a vertical 

taper. 
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TITLE OF THE INVENTION 

DIELECTRIC BARRIER LAYER FILMS 

RELATED APPLICATIONS 

[001] The present application claims priority to U.S. Provisional 

Application 60/451,178, "Dielectric Barrier Film," filed on February 27, 2003, by 

Richard E. Demaray, Mukundan Narasimhan, and Hongmei Zhang, herein 

incorporated by reference in its entirety, and to U.S. Provisional Application 

601506, 128, "Indium Nucleation Layer," filed on September 25, 2003, by Mukundan , 

Nai:as~mhan and Peter Brooks, herein incorporated by reference in its entirety. 

BACKGROUND 

I. Field of the Invention 

[002] The present invention is related to dielectric barrier films and, in 

particular, dielectric barrier films formed from high-density optical material layers for 

utilization in optical, electrical, tribological, and bio-implantable devices. 

2. Discussion of Related Art 

[003] Dielectric bal:rier layers are becoming increasingly ~mportant as 

protective layers for organic light emitting diodes (OLEDs) and other optical or opto

electronic devices. Typically, dielectric barrier layers are deposited thill films with 

the appropriate electrical, physical, and optical properties to protect and enhance the 

operation of other devices. Dielectric barrier layers can be utilized in optical, 

electrical, or tribological devices. For example, touch screen displays require 
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optically transparent protective layers to protect against transmission of atmospheric 

contaminants as well as to protect against physical wear. 

[004) Many thin film deposition technologies that may be utilized to form 

. such dielectric layers include some form of ion densification or substrate bias 

densification. The densification process eliminates the columnar thin film structure 

that is typical of vacuum deposited chemical vapor (CVD) or physical vapor 

deposition (PVD) thin films. It is well known that such densification can be achieved 

by a secondary ion source arranged to "bombard" the film during deposition. See, e.g., 

W. Essinger "Ion sources for ion beam assisted thin film deposition," Rev. Sci. 

Instruments (63) 11-5217 (1992). See, also, Hrvoje Zorc, et al. Proceedings of the 

Society of Vacuum Coaters, 41st Annual Technical Conference Proceedings, 243-

24 7, 1998, which discusses the effects of moisture exposure on wavelength shift for 

electron beam evaporated films (e-beams). In particular, Zorc et al. demonstrated a 

factor of 15 or so improvement in wavelength shift for electron beam evaporated 

films (e-beam) as compared toe-beam films deposited with a directed ion beam 

source after exposure to 30% humidity at 25 °C. 

[005] D. E. Morton, et al. demonstrated wide-band dielectric pass filters 

comprised of alternating layers of Si02 and Ti02 deposited using a "cold cathode ion 

source" to produce oxygen ions for the purpose of providing "moisture stable stacks 

of dense optical films of silicon dioxide as the low index material and either titanium 

dioxide, tantalum pentoxide or niobium pentoxide." D. E. Morton, et al. Proceedings 

of the Society of Vacuum Coaters, 41 51 annual Technical Conference, April 18-23, 

1998. The results described by Morton, et al., indicated that room temperature 

2 
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resistance to humidity up to 100% humidify was attained, as measured by the optical 

performance of single dielectric layers deposited on substrates mounted on a rotating 

platen. Optical extinction coefficients for the six samples tested in Morton, et al., 

varied from 0.1 to 1.6 ppt, indicating the presence of significant concentrations of 

defects or absorption centers in the dielectric layers. Additionally, no film thickness 

or film thickness uniformity data was reported by Morton, et al., for ion beam 

energies between 134 and 632 Volts and ion beam current up to 5 amps. Morton, et 

al., therefore fail to describe a film that would operate as a good barrier layer for 

optical devices. 

[006] Self biased physical vapor deposition, such as ion coating or activated 

reactive deposition, are well-known means of providing hard wear resistant coatings. 

However, these coatings are either deposited at several hundred Volts of bias voltage 

and form penetrating surface treatments with the ion flux penetrating the surface to 

react with the substrate material, or they are ion assisted for the purpose of decreasing 

the columnar structure of the film. A "filtered cathodic vacuum arc" (FCVA

reference - http://www.nanofilm-systems.com/eng/fcva_technology.htm) has been 

used to form a dense film from an ion flux. In this case, ions are created and 

separated from the neutral vapor flux by a magnetic vector so that only species having 

a positive charge impinge the substrate. The bias voltage can be preset so that 

average translational energy ranges from about 50 to several hundred Volts are 

available. Lower ion energies are not reported due to the problem of extracting and 

directing a lower energy ion flux with a useful space charge density. Although quite 

rough due to re-sputtering at the high ion energies, hard protective layers of alumina, 

3 
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and other materials such as tetrahedral carbon, can be deposited with this process on 

cutting tools and twist drills with commercial levels of utility. Due to the limitation of 

the coating species to the ion flux, coating rates are low. The best or hardest car15~on 

films are often deposited with the lowest rate of deposition, e.g., 0.3 nanometers per 

second on substrates up to 12" in dian;ieter. 

[007] Transmission of a ZnO film deposited by FCV A at 600 nm 

. wavelength is increased from about 50% at room temperature to above 80% for single 

films by increasing the temperature of deposition to above 230 °C, with the best 

transmission at 600 nm of about 90% at a deposition temperature of 430 °C and a 

substrate bias voltage not greater than about 50 Volts. This high temperature 

processing indicates the use of a thermal anneal process for repair of ion-induced 

damage to the films. For FCV A deposition with a 200 Volt bias the transmission is 

much reduced. FCV A films deposited in this fashion have been shown to be 

polycrystalline. The defect structures exhibited in the FCV A layer are too large for 

formation of effective optical barrier layers. Additionally, ion sputtering of 

crystalline films is dependent on the crystal orientation, leading to higher surface 

roughness. Defect structures formed in a protective layer can degrade the optical 

quality of the layer and also provide paths for diffusion of atmospheric 

contaminations through the layer, compromising the protective properties of the layer. 

[008] Ion biased films have shown significant progress toward the goal of 

providing a satisfactory barrier for protection of electronic and. optical films, such as, 

for example, photovoltaic, semiconducting and electroluminescent films. Particularly 

organic light emitting diodes, which utilize calcium or other very reactive metal 

4 
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doped electrodes and other hydroscopic· or reactive materials, can be protected by 

such films. However, the most biased process to date, the filtered Cathodic Vacuum 

Arc Coating Technology or FCVAC process, is reported to produce films with a 

particle density greater than about 1 defect per square centimeter. It may be that the 

high resputtering rate at the high voltages used in this process cause surface 

roughening. Certainly, the presence of a particle represents a defect through which 

diffusion of water vapor or oxygen can proceed. Also, the roughness of the surface. 

formed by the FCV AC process impacts the stress and moiphology and also the 

transparency and the uniformity of the index of refraction. The resputtered film may· 

flake from the process chamber shields or be drawn to the film surface by the large 

electrostatic field present in an ion beam process. In any case, the particle defect 

density for particles greater than the film thiclmess alSo determines pin hole density or 

other defects caused by discontinuous deposition of the film because lirie of sight 

films can not coat over a particle that is larger than the thiclmess of the film, let alone 

a particle many times greater in size than the thickness of the film. 

[009] In the case of ion-bias or self-bias energies exceeding several electron 

volts, the translational energy of the ion participating in the bias process can exceed· 

the chemical binding energy of the film. The impacting ion, then, can either forward 

scatter atoms of the existing film or back sputter atoms of the existing film. Likewise, 

the participating ion can be adsorbed into the growing film or it can also scatter or 

absorb from the film surface. Sputtering of the existing film and scattering from the 

existing film are both favored at incoming angles of about 45° from the horizontal. In 

most ion coating processes, the ion beam is directed at a normal incidence to the 
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surface to be coated. However, as noted, at ion energies exceeding the chemical 

threshold, and particularly at energies exceeding 20 Volts or so, damage to the film or 

the substrate resulting from the ion energy in excess of the chemical binding energy is 

significant, and results in surface roughness, increased optical absorption 

characteristics, and creation of defects. 

[010) In the case of the FCVA process, roughness is an increasing function 

of the film thickness, increasing from about 0.2 nanometers roughness for a 50 

nanometer film· to about 3 nanometers for a 400 nanometer Cu film indicating 

substantial roughening of the polycrystalline copper surface due to differential 

sputtering by the self biased incoming copper ions. Such a film will scatter light, 

particularly at the interface between two layers of different refractive index. To date, 

barrier or dielectric properties of FCV A produced films have not been found. 

[011) Charging of the deposited film is also a particular problem with ion 

beam deposited dielectrics. To date, no low temperature dielectric and also no ion 

beam dielectric is known that has ever been shown to provide the electrical quality 

required for a transistor gate layer, for example. The ion beams embed charged ions 

in the film, leading to large negative flat band voltages and fields that can not be 

passivated at temperatures below about 450 °C. The surface charge of the dielectric 

layer results in slow accumulation of capacitance, preventing the sharp onset of . 

conduction in a transistor application. Consequently, no as~deposited low temperature 

dielectric, biased or unbiased, has been proposed for low temperature transistor 

applications or is known at this time. 
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[012] Therefore, there is a need for high quality, dense dielectric layers for 

utilization as barrier layers in optical, electrical, tribological, and biomedical 

applications. 

SUMMARY 

[013] In accordance with the present invention, one or more dielectric 

layers formed from layers of metal-oxide materials deposited by a pulsed, biased, 

wide area physical vapor deposition process are presented. A dielectric barrier layer 

according to the present invention can be formed from at least one highly densified 

metal oxide layer. Dielectric barriers according to the present invention can be highly 

densified, highly uniform, ultra smooth amorphous layers with ultra low 

concentrations of defects, providing for superior performance as protective layers 

against physical wear and atmospheric contamination of underlying structures as well 

as overlying structures that may be deposited to form an electrical, optical, or medical 

device. Barrier layers according to the present invention can also be self-protecting 

optical layers, electrical layers, or tribological layers that can be utilized actively in 

optical or electrical devices. 

[014) Therefore, barrier layers according to the present invention includes a 

densified amorphous dielectric layer deposited on a substrate by pulsed-DC, substrate 

biased physical vapor deposition, wherein the densified amorphous dielectric layer is 

a barrier layer. Further the deposition can be performed with a wide area target. A 

method of forming a barrier layer according to the present inventions includes 

providing a substrate and depositing a highly densified, amorphous, dielectric material 

over the substrate in a pulsed-de, biased, wide target physical vapor deposition 
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process. Further, the process can include perfonning a soft-metal breath treatment on 

the substrate. 

[O 15] Dielectric barrier stacks can include any number of individual layers 

including one or more barrier layers according to the present invention. In some 

embodiments, the individual barrier layers can be optical layers. Typically, alternating 

layers of low and high index of refractory metal oxide materials can be arranged to 

form anti-reflective or reflective coatings in optical devices, for example. As such, 

dielectric barriers according to the present invention provide a protective function as 

well as being a functional part of an optical device. In some embodiments of the 

invention, for example, dielectric barriers according to the present invention can be 

utilized in cavity enhanced LED applications, or in formation and protection of 

transistor structures. Additionally, the beneficial dielectric properties of some 

embodiments of barrier layers according to the present invention can be utilized as 

electrical layers to fonn resistors or capacitive dielectrics. 

[016] In some embodiments, a soft metal (e.g., indium) breath treatment 

can be utilized before deposition of a barrier layer. Such a breath treatment is shown 

to significantly improve surface roughness and enhance WVTR characteristics for 

embodiments of barrier layers according to the present invention. 

[017] These and other embodiments of the invention are further discussed 

and explained below with reference to the following Figures. It is to be understood 

that both the foregoing general description and the following detailed description are 

exemplary and explanatory only and are not restrictive of the invention, as claimed. 

Further, specific explanations or theones regarding the deposition or performance of 
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barrier layers or soft-metal breath treatments according to the present invention are 

presented for explanation only and are not to be considered limiting with respect to 

the scope of the present disclosure or the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[018] Figures IA and lB illustrate a deposition apparatus for depositing 

barrier layer films according to the present invention. 

[019] Figure IC illustrates a barrier layer deposited on a substrate 

according to embodiments of the present invention. 

[020] Figures 2A, 2B, 2C, 21), 2E and 2F illustrate examples of devices 

with dielectric stacks ofbamer layers according to embodiments of the present 

invention. 

[021] Figure 3 shows a microcavity enhanced LED structure utilizing 

dielectric stacks of barrier layers according to embodiments of the present invention. 

[022] Figure 4 shows a bottom gate transistor device with a dielectric stack 

of barrier layers according to embodiments of the present invention. 

[023] Figure 5 shows a top gate transistor device with a dielectric stack of 

barrier layers according to embodiments of the present invention. 

[024] Figure 6 shows an exainple of a microcavity enhanced LED structure 

similar to that shown in Figure 3 further protected by a dielectric stack of barrier 

layers according to embodiments of the present invention. 

[025] Figure 7 shows another example of a microcavity enhanced LED 

structure similar to that shown in Figure 3 further protected by a dielectric stack of 

barrier layers according to embodiments of the present invention. 
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(026] Figure 8 shows ai1 example Ti02 barrier layer according to 

embodiments of the present invention deposited on a reactive aluminum layer after 

exposure to a high humidity, high temperature environment for an extended period of 

time. 

[027] Figure 9 shows an example silica/alumina barrier layer according to 

embodiments of the present invention deposited on a reactive aluminum layer after 

exposure to a high humidity, high temperature environment for an extended period of 

time. 

[028] Figure 10 shows an SEM photograph of a cross section of an 

embodiment of a dielectric stack of barrier layers according to embodiments of the 

present invention. 

[029] Figure 11 shows transmission versus wavelength curves for various 

examples of dielectric stacks of barrier layers according to embodiments of the 

present invention. 

[030] Figures 12A and 12B illustrate a single barrier layer structure 

deposited with and without a soft-metal breath treatment according to embodiments of 

the present invention. 

[031] Figure 13 shows a Plexus Stress Measurement apparatus that can be 

utilized to test barrier layers. 

[032] Figure 14 illustrates a measurement of the wafer bow using the 

Plexus Stress Measurement apparatus illustrated in Figure 13. 

JO 
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[033) Figure 15 illustrates the stress in various deposited barrier layers 

according to embodiments of the present invention as a :function of temperature 

through a single temperature cycle after deposition. 

(034] Figures 16A, 16B, 16C, and 16D show atomic force microscopy 

measurements of surface roughness for some barrier layer films according to 

embodiments of the present invention. 

[035] Figure 17 illustrates a water vapor transmission test that can be 

utilized to characterize barrier layers deposited according to embodiments of the 

present invention. 

[036] Figures 18A through 18D illustrate the effects of different In/Sn 

breath treatment parameters on the surface roughness of the deposited barrier layer 

according to the present invention. 

[037] Figures 19A and 19B illustrate the effects of the substrate on surface 

roughness. 

[038] Figure 20 illustrates a barrier layer according to the present invention 

that :further operates as a thin film gate oxide. 

[039] Figures 21A and 21B illustrate the effect of substrate composition on 

the surface roughness of a deposited barrier layer according to the present invention. 

[040] Figures 22A ap.d 22B illustrate that the character of the barrier layer 

deposition according to embodiments of the present invention effect surface 

roughness. 

[041] In the figures, elements having the same designation have the same or 

similar functions. 
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DET All,ED DESCRJPTION 

[042] Barrier layers according to some embodiments of the present 

invention are deposited in a pulsed-de, substrate biased, wide target physical vapor 

deposition process that is described further below with respect to some particular 

examples of such barrier layers. Some embodiments of barrier layers according to 

embodiments of the present invention c.an be characterized as highly densified, highly 

uniform, highly amorphous layers with particularly low defect concentrations and 

high surface smoothness. Further, barrier layers according to embodiments of the 

present invention can have beneficial optical and electrical characteristics that allow 

such barrier layers to be self-protecting optical or electrical layers in optical or 

electrical devices fanned with these layers. 

[043] For example, some embodiments of barrier layers according to the 

present invention can have excellent optical transparency characteristics. Further, the 

index of refraction of individual banier layers is dependent on the material of 

deposition and therefore stacking of multiple barrier layers according to the present 

invention can result in highly controllable, and self protecting, reflecting or anti

reflecting coatings for optical devices. Additionally, barrier layers according to some 

embodiments of the present invention can be doped with optically active impurities to 

form optically active layers, which are also self-protecting. For example, depositions 

of rare-earth ions such as Erbium or Ytterbium can result in optical amplifiers or 

frequency converters. 

[044] Additionally, embodiments of barrier layers according to the present 

invention can have highly beneficial dielectric properties and can therefore be utilized 

as self-protecting electrical layers. Some barrier !avers according to embodiments of 

12 
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the present invention, 'for example, can be utilized as resistance layers. Other 

embodiments can be utilized as high-dielectric constant layers in capacitor devices. 
I 

Embodiments of dielectrical barrier layers that are useful for such devices are further 

discussed below. 

[045] RF sputtering of oxide films is discussed in Application Serial No. 

09/903,050 (the '050 application), filed on July 10, 2001, by Demaray et al., entitled 

"Planar Optical Devices and Methods for Their Manufacture," assigned to the same 

assignee as is the present invention, herein incorporated by reference in its entirety. 

Further, targets that can be utilized in a reactor according to the present invention are 

discussed in U.S. Application serial no. 10/101,34.1, filed on March 16, 2002, 

assigned to the same assignee as is the present invention, herein incorporated by 

reference in its entirety, Methods of depositing oxides in a pulsed-de, substrate 

biased, wide-target physical vapor deposition (PVD) process are further discussed in 

U.S. Application serial no. 10/101863, filed on March 16, 2002, (hereinafter referred 

to as "the pulsed, biased process") assigned to the same assignee as is the present 

application, herein incorporated by reference in its entirety. 

[046] Figures IA and lB illustrate a reactor apparatus 10 for sputtering of · 

material from a target 12 according to embodiments of the present invention. In some 

embodiments, apparatus 10 may, for example, be adapted from an AKT-1600 PVD 

(400 X 500 mm substrate size) system from Applied Komatsu or an AKT-4300 (600 

X 720 mm substrate size) system from Applied Komatsu, Santa Clara, CA. The 

AKT-1600 reacto~, for example, has three or four deposition chambers connected by a 

vacuum transport chamber. These AKT PVD reactors can be modified such that 
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pulsed DC power is supplied to the target and RF power is supplied to the substrate 

during deposition of a material film. 

[047] Apparatus 10 includes a target 12 which is electrically coupled 

through a filter 15 to a pulsed DC power supply 14. In some embodiments, target 12 

is a wide area sputter source target, which provides material to be deposited on 

substrate 16. Substrate 16 is positioned parallel to and opposite target 12. Target 12 

functions as a cathode when power is applied to it and is equivalently termed a 

cathode. Application of power to target 12 creates a plasma 53 below target 12. 

Magnet 20 is scanned across the top of target 12. Substrate 16 is capacitively coupled 

to an electrode 17 through an insulator 54. Electrode 17 can be coupled to an RF 

power supply 18. 

[048] For pulsed reactive de magnetron sputtering, as performed by 

apparatus 10, the polarity of the power supplied to target 12 by power supply 14 

oscillates between negative and positive potentials. During the period of positive 

potential, the insulating layer on the surface of target 12 is discharged and arcing is 

prevented. To obtain arc free deposition, the pulsing frequency of pulsed DC power 

supply 14 can exceed a critical frequency that can depend, at least partly, on target 

material, cathode current and reverse time. High quality oxide films can be made 

using reactive pulse DC magnetron sputtering in apparatus 10. 

(049] Pulsed DC power supply 14 can be any pulsed DC power supply, for 

example an AE Pinnacle plus lOK by Advanced Energy, Inc. With this example 

supply, up to 10 kW of pulsed DC power can be supplied at a frequency of between 0 

and 350 KHz. The reverse voltage is 10% of the negative target voltage. Utilization 
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of other power supplies will lead to different power characteristics, frequency 

characteristics and reverse voltage percentages. The reverse time on this embodiment 

of power supply 14 can be adjusted to between O and 5 µs. 

[050] Filter 15 prevents the bias power from power supply 18 from 

coupling into pulsed DC power supply 14. In some embodiments, power supply 18 is 

a 2 :MHz RF power supply and, for example, can be a Nova-25 power supply made by 

ENI, Colorado Springs, Co. Therefore, filter 15 is a 2 :MHz band rejection filter. In 

some embodiments, the band-width of the filter can be approximately 100 kHz. Filter 

15, therefore, prevents the 2 :MHz power from the bias to substrate 16 from damaging 

power supply 18. 

[051] However, both RF and pulsed DC deposited films are not fully dense 

and most likely have columnar structures. These columnar structures are detrimental 

for optical applications and to formation of barrier layers due to the scattering loss and 

pinholes caused by the structure. By applying a RF bias on wafer 16 during 

deposition, the deposited film can be densified by energetic ion bombardment and the 

columnar structure can be substantially eliminated. 

[052] In the production of some embodiments of a barrier layer according 

to the present invention using, for example, the AKT-1600 based system, target 12 

can have an active size of about 675. 70 X 582.48 by 4 mm in order to deposit films on 

substrate 16 that can have dimension about 400 X 500 mm. The temperature of 

substrate 16 can be held at between about SOC and 500C. The distance between target 

12 and substrate 16 can be between about 3 and about 9 cm. Process gas (for 

example, but not limited to, mixtures of Ar and 0 2) can be inserted into the chamber 
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of apparatus 10 at a rate up to about 200 seem while the pressure in the chamber of 

apparatus 1.0 can be held at between about 0.7 and 6 rnillitorr. Magnet 20 provides a 

magnetic field of strength between about 400 and about 600 Gauss directed in the 

plane_oftarget 12 and is moved across target 12 at a rate ofless than about 20-30 

sec/scan. In some embodiments utilizing the AK.T 1600 reactor, magnet 20 can be a 

race-track shaped magnet with dimension about 150 mm by 600 mm. 

[053] Figure lC shows a dielectric barrier layer 110 deposited on a 

substrate 120 according to the present invention. Substrate 120 can be any substrate, 

for example plastic, glass, Si-Wafers or other material. Substrate 120 may further 

include devices or structures that can be protected by barrier layer 110, such as 

organic light-emitting diode (OLED) structures, semiconductor structures, or other 

barrier layer structures. Barrier layer 110 can be a metallic oxide where the metal can 

be Al, Si, '.fi, In, Sn or other metallic oxides, nitrides, halides, or other dielectrics. For 

example, a high index ofrefraction barrier layer can be formed by deposition ofTi02 

from a titanium target with example deposition parameters designated as 

7KW/200W/200KHz/60Ar/9002/950s (7 KW of pulsed-de target power, 200 W of 

substrate bias power, 200 KHz is the pulsing frequency of the pulsed-de target power, 

60 seem Ar gas flow, 90 seem 0 2 gas flow, 950s total deposition time). Another 

example lower index of refraction barrier layer can be formed from a target that is 

92% Al and 8% Si (i.e. 92-8 or 92/8 layers) in a process designated as 

3KW/200W/200KHZ/85Ar/9002/1025 (3KW of pulsed-de target power, 200 W of 

substrate bias power, 200 KHz pulsing frequency of the pulsed-de target power, 85 

seem Ar flow, 90 seem 02 flow for 1025 sec of deposition time). As is further 
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discussed below, a wide range of process par~meters can be utilized to deposit barrier 

layers according to the present invention. 

[054] Barrier layers according to the present invention can be formed from 

any oxide materials. For example, MgO, Ta20s, Ti02, Ti407, Ah03, Si02, silicon

rich Si02, and Y20 3• Oxide compounds of Nb, Ba, Sr, and Hf can also be utilized to 

form barrier layers according to the present invention. Further, barrier layers can be 

doped with rare-earth ions to produce optically active layers. Parameters provided 

herein for deposition of particular layers (e.g., the Ti02 layers and the 92-8 layers 

discussed above) are exemplary only and are not intended to be limiting. Further, 

individual process parameters are approxi~ations otily. A wide range ofindividu!il 

parameters (e.g., power levels, frequencies, gas flows, and deposition times) around 

those stated can be used to fonn barrier layers according to the present invention. 

[055] Dielectric barrier layer 110 can be characterized as a highly dense, · 

uniform, defect free amorphous dielectric layer that may also have high optical 

transparency. Such films can be deposi~ed in a pulsed-de, substrate biased PVD 

process from a metallic target in an Ar/02 .gas flow. As is further discussed below, 

some embodiments of dielectric barrier layer 110 have excellent surface rouglmess 

characteristics as well. Typically, as is discus.sed further below and with the examples 

and data provided, water vapor transmission rates for dielectric films according to 

embodiments of the present invention are te~ted in a MO CON test apparatus 

(MOCON referes to MOCON testing service of Minneapolis, MN) to be less than 1 X 

10·2 gullm2/day and are often less than 5 X 10·3 gm/m2/day. 
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[056] Dielectric barrier stacks can be formed by depositing further barrier 

layers over barrier layer 110. ·Any number of stacked barrier layers can be utilized in 

order that the resulting structure not only function as a barrier layer, but may have 

other purposes in the resulting device as well. Further, a soft metallic breath 

treatment may be applied prior to deposition of a barrier layer according to 

embodiments of the present invention.· A soft-metallic breath treatment refers to 

exposure of the substrate to a soft metallic vapor, as is further explained below. 

[057] Figure 2A shows an embodiment of a dielectric stack 120 that can be 

utilized as a barrier structure as well as providing further optical functions. Dielectric 

stack 120 includes multiple barrier layers 101, 102, 103, 104, and 105 according to 

embodiments of the present invention. Each of barrier layers 101, 102, 103, 104, and 

105 can be deposited utilizing deposition methods as described with more detail in 

U.S. Application Serial No. 10/101,863. The deposition is described generally above 

with respect to apparatus 10. In general, dielectric stack 120 can include any number 

oflayers. In particular, dielectric stack 120 can include only a single barrier layer. 

The particular example of a barrier stack 120 shown in Figure 2A includes five layers, 

layers 101, 102, 103, 104 and 105. In the example of dielectric stack 120 shown in 

Figure 2A, dielectric layers 101, 103 and 105 are fonned of a high index material 

such as titania (Ti02). Layers 102 and 104 can be formed of a low index material 

such as silica (Si02), possibly doped with alumina (e.g., 92% silica and 8% alumina 

by cation percents, the 92-8 layer). Barrier stack 120 can be deposited directly on a 

substrate 100 as shown in Figure 2A or deposited on a layer 107 as shown in Figure 

2D. Layer 107 is a layer to be protected from atmospheric contaminants or physical 
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damage and may include an optical or electrical device or another layer. Substrate 

100 is a substrate on which lay~r 107 or dielectric stack 120 is formed. In some 

embodiments, substrate 100 can also provide a barrier to atmospheric contamination 

of layer 107. In some devices, further structures may be deposited over barrier layer 

structure 120. 

[058] Table 1 illustrates deposition parameters for some example dielectric 

stack structures 120 according to the present invention. As described above, each of 

stacks 120 illustrated in Table 1 are formed utilizing an AK.T 4300 PVD system using 

a Biased Pulsed DC Reactive Scanning Magnetron PVD Process as further described 

in U.S. Patent Application Serial No. J0/101,863, which has been previously 

incorporated by reference. Further, apparatus 10 as described above with respect to 

Figures lA and lB, can be clustered iu the AK.T 4300 PVD system with a loadlock 

chamber, an outgassing chamber, and may be equipped with plasma shields and a 

shield heater. As shown in Figure 2A, dielectric stack 120 for these examples 

includes 5 layers -- 3 alternating layers ofTi02 and 2 layers of 92-8 Si02/A}i03 · 

(92%/8% by cation concentration). 

[059] Dielectric stack 120 for each of the stacks shown in Table 1 was 

deposited directly on substrate 100. Substrate 100 for each of the stacks formed was 

first loaded into the loadlock of apparatus 10. The loadlock of apparatus 10 was 

pumped to a base pressure ofless t11an about 10·5 Torr. The sheets of substrate 100,. 

which may be of glass or plastic, was then transferred to a heat chamber of apparatus 

10 and held at a temperature of about 300 °C for about 20 mins in order to outgas any 

moisture already accumulated by substrate 100. For polymer based substrates, for 
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example, the pre-heat step can be eliminated or performed at a lower temperature 

depending on the plastic substrate used. In some cases, the substrate and shield 

heaters of apparatus 10 can be disabled. The substrate column of Table 1 shows the 

composition of substrate 100 utilized in the deposition process. 

[060] In each of stacks 1 through 6 illustrated in Table 1, the composition 

of the dielectric barrier layers in dielectric stack 120 is Ti02/92-8/Ti02/92-8/Ti02, 

indicating that layers 101, 103 and 105 as shown in Figure 2A are Ti02 layers and 

layers 102 and 104 as shown in Figure 2A are Si02/A120 3 (92%/8% by cation 

concentration). The Ti02 layers are deposited with the parameters shown in the Ti02 

Deposition Process column. The process details are given in the format: target 

power/bias power/pulsing frequency/Ar flow/02 flow/deposition time. Target power 

refers to the power supplied to target 12 of apparatus 10. Bias power refers to the 

power supplied by bias generator 18 to electrode 17 on which substrate 100 is 

mounted in place of substrate 16 as shown in Figure 1 A and capacitively coupled to 

electrode 17. The Ar and 0 2 flow rates across substrate 100 are then described in 

units of standard cubic centimeter/min (seem). Finally, the deposition time is given. 

For example, the Ti02 layers for stack number 1 illustrate in Table 1 were deposited 

with a target RF power of about 7 kW, with about 200 W of bias power, pulse 

frequency of about 200 KHz, an Ar flow rate of about 60 seems, an 0 2 flow rate of 

about 90 seems, and a deposition time of about 950s. The measured thickness of a 

typical Ti02 layer deposited according to the process described in the Ti02 Deposition 

Process column is shown in the measured thickness Ti02 column of Table 1. 
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(061] Similarly, the deposition parameters for deposition of silica/alumina 

layers for each dielectric stack 120 shown in Table 1 are shown in the silica/alumina 

(92/8) deposition process column. As indicated, each of the silica/alumina layers for 

stack numbers 1-6 shown in Table 1 are about 92% Silica and about 8% alumina by 

cation concentration. For example, in stack number 1 illustrated in Table 1, the 

silica/alumina layers were deposited with the power to target 12 being about 3 kW, 

the bias power to electrode 17 was about 200 W, the frequency of pulsed DC power 

supply 14 was about 200 kHz, the Ar flow rate was about 85 seem, the 0 2 flow rate 

was about 90 seem, and the deposition time was about 1,005 sec. 

[062] In general, in this disclosure a dielectric barrier layer refen-ed to as 

92/8 layer refers to a barrier layer formed from continuous deposition of a dielectric 

barrier layer from the 92% Silica/8% Alumina target. A dielectric barrier layer 

referred to as a 92-8 layer refers to a barrier layer formed in steps from the 92% 

Silica/8% Alumina target. A 92-8 layer can be formed, for example, on plastic 

substrates whereas 92/8 layers can be formed on Si-wafers or glass substrates that are 

not so sensitive to heat. 

[063) In each of the stacks illustrated in Table 1, the reverse time for 

pulsed-DC power supply 14 was fixed at about 2.3 microseconds. The spacing 

between target 12 and substrate 100 was -60mm, and the spacing between mag0et 20 

and target 12 was-4-5 mm. The temperature of substrate 100 was about 200 °C and 

the shield heater of apparatus 10 was set to about 250 °C. The home offset of mag0et 

20 was set to be about 20 mm and the scan length was about 980 mm. The total 

pressure inside the chamber of apparatus 10, in plasma 53, during deposition of the 
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Ti02 layers was about 5-6 mT. The total pressure inside the chamber, in plasma 53, 

during deposition of the silica/alumina layers was about 8-9 mT. 

(064] In some barrier stacks according to the present invention, barrier 

layers are deposited by a reactively sputtered thin film layer or layers, formed by a 

process as previously described in the pulsed, biased .deposition process, U.S. I 

Application Serial No. 10(101,863. The pulsed, biased deposition process combines 

optical quality vacuum films having uniquely dense morphologies free of the 

columnar defects that are typical of non-biased vacuum thin films with parts per 

million uniformity and control of the optical index and birefringence. Very high 

resolution ellipsometry also demonstrates that a wide range of film index can be 

deposited with extinction coefficients which are zero across the visible and in the near 

IR region, and uniform on the order of parts per million providing substantially 

perfect transparency. As a result of the high level of densification and the low defect 

concentration, it is demonstrated that these very transparent films also provide 

.superior diffusion barrier protection for moisture ingress as measured by steam 

permeation. Lastly, the same films demonstrate much higher dielectric breakdown 

under high voltage stress, also a result of the low levels of defects. 

[065] Figure 8 shows a sample after.exposure to a high-humidity, high 

temperature environment for an extended period of time. In the sample shown in 

Figure 8, about 200 nm ofTi02 was deposited on a reactive aluminum layer that had. 

been deposited on a 4" silicon wafer. The sample was kept in a chamber at about 85 

°C with a relative humidity of about 100% for abc;mt 500 hours. As can be seen iri 
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Figure 8, no defects are visible on the wafer indicating a high level of protection of 

the underlying reactive aluminum layer. 

[066] Figure 9 shows a sample with a silica/alumina layer according to the 

present invention after exposure to a high-humidity, high-temperature environment 

for an extended period of time. In the sample shown in Figure 9, about 10 run of 

aluminum is deposited on a 4" silicon wafer. About 100 nm of silica/alumina is 

deposited over the aluminum. The sample was then placed in a pressure cooker at 

about 250 °C with about 3 .5 atm of saturated steam for about 160 hours. Again, no 

defects are visible on the wafer indicating a high level of protection of the underlying 

reactive aluminum layer. In another example, the thin reactive Al on a Si wafer was 

tested under the same conditions without a barrier layer and became transparent 

within minutes of the testing. 

[067] Selected metal oxide films deposited with the previously disclosed 

process, from tens of nanometers to more than 15 microns, are not only impervious to . ' 

moisture and chemical penetration as a film, but can also provide protection to an 

underlying layer or device from the effect of gas or moisture ingress while serving as 

an optical, electrical and/or tribological layer or device, rendering substantial 

manufacturing and environmental margins to the respective layers and devices. The 

subject process has been demonstrated on wide area substrates of glass and metal as 

well as low temperature material such as plastics. 

[068] Table 4 shows Vickers Hardness (MPa) values obtained by testing an 

Ah03 barrier layer and an Er-doped alumina/silicate (40% alumina/60% silica) films 

on a Si-Wafer. The Ah03 barrier layer was deposited in a 
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3kW/lOOW/200KHz/30Ar/4402/t process with a 2.2 µs reverse time. The Er, Yb 

doped Ah03 was deposited with the process 6kW/lOOW/120KHz/60Ar/2802/t 

process with a 1.2 µs reverse time. As can be seen in Table 4, the hardness as 

indicated generally by the Vickers number is large compared to converitionaily 

deposited alumina films. 

[069] Returning to Figure 2A, a dielectric stack 120 is deposited on 

substrate 100. Each of barrier layers 101, 102, 103, 104, and 105 can be optical layers 

(i.e., layers that are optically useful). Substrate 100 may be any glass, plastic, 

metallic, or semiconductor substrate. The thickness oflayers 101, 102, 103, 104, and 

· l 05 of dielectric stack 120 can be varied to form either an anti-reflective coating or a 

reflective coating. Figure 2B shows a transparent conducting layer 106 deposited 

over dielectric stack 120. Transparent conducting layer 106 can be, for example, an 

indium tin-oxide layer. Figure 2C illustrates a substrate 100 with dielectric stacks 120 

deposited on both a top surface and a bottom surface of substrate 100. The particular 

example shown in Figure 2C includes an embodiment of dielectric stack 120 with 

layers 101, 102, 103, 104, and 105 deposited on a top surface of substrate 100 and 

another embodin1ent of dielectric stack 120, shown having layers 108, 109, 110, 111, 

and 112 in Figure 2C, deposited on the bottom surface of substrate 100. Again, layers 

108, 110, and 112 may be high index layers according to the present invention (e.g., 

Ti02 layers) and layers 109 and 111 may be lower index layers such as silica/alumina 

layers. Examples of deposition parameters for dielectric stack 120 can be found in 

Table 1. As another example of a stack of barrier layers according to the present 

invention that provides good transmission characteristics is a four-layer stack 
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Ti02/Si02/Ti02/Si02 layering of thicknesses 12.43 nm, 36.35 nm, 116'.87 nm, and 

90.87 nm, respectively, deposited on glass provides a high transparency in the 

wavelength range of about 450 nm and 650 nm. 

[070] In Figure 2D dielectric stack 120 is shown protecting a layer 107. 

Layer 107 is any layer of material that should be protected by a transparent barrier 

layer. For example, layer 107 may be a reactive metal such as aluminum, calcium or 

barium, layer 107 may be a fragile layer such as a conductive transparent oxide, or 

layer 107 may include an active optic~l.?r electrical device. As discussed above, the 

individual layers of dielectric stack 120 can provide protection both from incursion of 

atmospheric contaminants and protection against physical damage of layer 107. Jn 

some embodiments, the layer thickness of dielectric layers (e.g., layers 101, 102, 103, 

104, and 105 shown in Figure 2D) of dielectric stack 120 are arranged to form either a 

transparent or reflective film at particular wavelengths. One skilled in the art can 

determine the thickness of individual films in dielectric stack 120 to form a reflective 

or anti-reflective film of dielectric stack 120. In some embodiments, where layer 107 

is a metal such as aluminum, barium, or calcium, the device shown in Figure 2D 

fonns a highly stable mirror. Figure 2E shows a dielectric stack 120 protecting a 

layer 107 where layer 107 has been deposited on substrate 100. Further, a transparent 

' " 
conducting layer 106 has further been deposited over dielectric stack 120. Figure 2F 

shows a structure where a second barrier stack 120 has been deposited on the bottom 

surface of substrate 100. 

[071] Figure 10 shows a cross sectional SEM view of an example dielectric 

stack according to the present invention. Again, a five-layer Ti02/92-8 stack is 
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shown with thiclmess 550 run for the Ti02 layers and 970 run fc:.:-tt1e 92-.8 

silica/alumina. The example shown in Figure 10 is a dielectric mirror stack such as 

that used to form a microcavity LED. 

[072] Although Figures 2A through 2F show various configurations and 

utilizations of a barrier stack 120 having five layers, in general, a barrier stack 120 

according to the present invention may be formed of any number of barrier layers. 

Further, the examples of barrier layers 101, 102, 103, 104, and 105 illustrated in 

Figures 2A through 2F illustrate examples of optical layers according to the present 

invention where those optical layers also function as self-protecting barrier layers in 

that they protect themselves as well as the particular surface or device on or below 

which they are deposited. Additionally, one or more of barrier layers 101, 102, 103, 

104, and 105 may include optically active dopant ions such as rare-earth ions in order 

to provide more optically active functionality. Further, in accordance with the present 

invention, one or more oflayers 101, 102, 103, 104, and 105 may be layers other than 

barrier layers according to the present invention. Each of the barrier layers described 

with respect to Figures 2A through 2F can be deposited utilizing a pulsed, biased 

deposition process as has been described in U.S. Application Serial No. 10/101,863 to 

form a highly densified layer of material with very low defect concentrations. 

(073] Figure 3 shows another structure 321 utilizing dielectric stacks of 

barrier layers according to the present invention. As shown in Figure 3, structure 321 

includes a dielectric stack 315 deposited on a substrate 316. Substrate 316 may be 

formed, for example, of glass or plastic materials. A transparent conductive layer 

314, such as for example indium tin oxide, is deposited on dielectric stack 315. Layer 
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313 can be an electroluminescence layer such as, for example, a phosphor-doped 

oxide or fluoride material, rare earth doped silicon rich oxide light emitting device, or 

an organic light emitting polymer, OLED (organic light emitting diode) or polymer 

stack. A metal layer 312, which may be aluminum and may be doped with calcium or 

barium, is deposited on the side near layer 313. A second dielectric stack 317 can be 

formed on the bottom of substrate 316. 

[074] Structure 321 illustrated in Figure 3 is an example of a microcavity 

enhanced LED, protected from water and reactive gas which may diffuse through 

substrate 316 by dielectric stacks 315 and 317. When layer 312 is a metal layer, a 

microcavity is formed between layer 312 and dielectric stack 315. Dielectric stack 

315 can out-couple light emitted from electro luminescence layer 313. Layer 313 

emits light when it is electrically biased as a result of a voltage applied between 

transparent conducting layer 314 operating as an anode and conducting layer 312 

operating as a cathode. The layers of dielectric stack 315 and dielectric stack 317 

may be arranged to contain the light emitted by layer 313 between layer 317 and 

metallic layer 312, forming an etalon arrangement to guide light along substrate 316. 

Additionally, dielectric layer 317 may be arranged to transmit light produced by layer 

313, thereby forming a monitor arrang~ment with light being emitted substantially 

normal to substrate 316. 

[075] Figure 11 illustrates the transmission data collected from examples of 

dielectric stacks according to the present invention. The metrology equipment utilized 

in talcing the data resulting in Figure 11 was a Perkin Elmer Lambda-6 

Spectrophotometer. Four samples were measured and each were 5 layer stacks of 
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Ti02/92-8 as described above. Two samples have the same thickness layers (55 run 

Ti02 and 100 run 92-8). As illustrated in Figure 11, the two different runs have 

almost the same transmission spectrum demonstrating the repeatability of the 

deposition process. The third example had a different thickness arranged so as to shift 

the transmission spectrum towards the blue. The fourth example was generated after 

the third example was maintained under 85/85 (85 C 85 % humidity) test conditions 

for 120 hours. It can be observed that the humidity and heat did not have a significant 

impact on the transmission characteristics of the mirror stack, again demonstrating the 

functionality of such dielectric stacks as protection layers as well as optical layers 
.. 

(i.e., no measurable wet-shift). A similar result was obtained after 500 hours oftest 

with the 85/85 conditions with no measurable wet-shift. 

[076) Figure 6 shows an example of another structure 633 with a 

microcavity enhanced LED structure 321 as described with Figure 3 covered and 

protected by a structure 622 such as those shown in Figures 2A through 2F. In 

structure 321, as shown in Figure 6, layers 314, 313, and 312 have been patterned. A 

structure 622 with dielectric stacks 618 and 620 deposited on opposite sides of a 

substrate 619 can be formed separately. Dielectric stacks 618 and 619 are fo1med as 

described with dielectric stacks 120 of Figures 2A through 2F. Structure 622 can then 

be epoxied over structure 321 in order to seal and protect structure 321. Epoxy layer 

621, for example, can be an EV A epoxy. 

[077] Figure 7 shows another structure 700 with an example of a 

microcavity enhanced LED structure 321 as described with Figure 3 covered and 

protected by a structure 623 such as those shown in Figures 2A through 2F. Covering 
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structure 623 includes substrate 619, with dielectric stack 620 deposited on substrate 

619, epoxied to d~vice 321. 

[078] Figure 4 illustrates. another example of barrier layers according to the 

present invention that also function as electrical layers (i.e., layers with electrical 

function such as providing resistance or function as the dielectric in a capacitor 

structure). The structure shown in Figure 4 illustrates an example of a bottom gate 

transistor structure 422 according to the present invention. Transistor structure 422 is 

formed on a substrate 416, which may be a plastic or .glass material. In the 

embodiment illustrated in Figure .4. a dielectric stack 415 according to the present 

invention is deposited on a top surface, of substrate 116 and a second pielectric stack 

417 according to the present invention is deposited on a bottom surface of substrate 

116. Dielectric stacks 417 and 415 each can include layers of high index and low 

index dielectric materials, as discussed above. The high index and low index 

dielectric materials, for example Ti02 and silica/alumina layers as described above; 

each have low-voltage flat bands and low surface defects and therefore are suitable 

for use as thin film transistor structures. A semiconductor layer 423 is deposited on . 

barrier stack 415 and patterned. Semiconductor layer 423 can be a semiconductor 

such as silicon, germanium, or may be of zinc oxide or a polymer material. Layers 
• I• 

424 and 425 form somce ~nd drain layers in contact with semiconductor layer 423. 

Layer 426 can be formed of a material with a high dielectric constant, such as any of 

the dielectric layers forming diele.ctric stacks 415 and 417, for example the high-

dielectric strength Ti02 material deposited by the processes described here. Layer 

427 is an inter layer and layer 428 is the gate metal. 
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'[079] Figure 5 shows an example of a top gate transistor device 529. 

Transistor device 529 is formed on a substrate 516 that is protected from atmospheric 

contamination (for example water or gasses) and physical wear and abrasion by 

dielectric stacks 515 and 517. Dielectric stacks 515 and 517 are formed from one or 

more layers of optical material as discussed above with dielectric stack 120. Gate 

layer 530 is deposited on dielectric stack 515. Layer 530 may be a metallic layer such 

as aluminum or chrome. A gate oxide layer 531 is deposited over layer 530. A 

semiconductor layer 532 is ·deposited on gate oxide layer 531 over layer 530. 

Semiconducting layer 532 can be similar to layer 423 of Figure 4. Layers 533 and 

534 are source and drain layers, respectively, and are similar to layers 424 and 428 of 

device 422 of Figure 4 and may be formed from a conducting metal, conducting 

oxide, or a conducting polymer, for example. 

[080] Dielectric stacks with barrier layers according to the present 

invention can have atomically smooth film surfaces, independent of the film 

thickness. Additionally, dielectric stacks with barrier layers according to the present 

invention can have film transparencies that are uumeasurably different from zero. 

These dielectric stacks represent a new capability for biased barrier film defect levels 

and barrier protection. Few products requiring dielectric barrier protection from water 

and oxygen, such as OLED displays, can tolerate a defect every square centimeter. 

Some embodiments of ba1Tier layers as 2.5 nanometers and as thick as 15 microns 

have been deposited that exhibit an average surface roughness of about 0.2 nm; 

indicating a damage free process. Such layers exhibit an optical quality surface for all 

film thicknesses deposited, representative of the high amorphous film uniformity 
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attainable with these processes that produce embodiments of the barrier layer 

according to the present invention. 

(081] Dielectric barrier layers according to the present invention have been 

shown to protect ultra thin reactive metal films of aluminum from steam heat 

oxidation from 125 to 250 °C at pressures of 3.5 ATM of pure steam for hundreds of 

hours with no visible defect on 1 OOmm silicon wafers. Consequently, it is clear that 

both titanium oxide and alumina/silicate barrier layers, as described herein, can 

provide long tenn protection ofreactive films which are pin hole free up to the area of 

one or both wafers. One pin hole in the protective dielectric barrier on a 100 mm 

wafer, with an area of approxim.~_tely 75 sq~ar~ centimeters, would translate into a pin 

hole density of about 0.0133 per square centimeter. As shown in Figures 8 and 9, 

there were two wafers, one with aluminosilicate and one with titania barrier dielectric 

coatings, that were failure free. The total area between the two wafers was 150 square 

centimeters. If there were l defect on these two wafers the defect density would be 

0.00666 per square centimeter. However, since the wafers were free of defects, the 

actual defect density could not be measured from the results of only two wafers. As 

indicated, then, the actual defect density was Jess than 0.0133 per square centimeter 

and likely less than 0.007 per square centimeter. 

[082] Jn some embodiments offue fovention, a soft metal, such as indium 

or indium-tin, breath treatment can be performed before deposition of one or more 

barrier layers such as those discussed above. It is likely that the soft metal breath 

treatment can be utilized to release stress between the dielectric barrier layer and the 
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substrate. Further, the soft metal breath treatment can act to nucleate for further 

growth of pin-hole free or defect-free barrier layer films on the substrate. 

[083] Figures 12A and 12B show a single barrier layer structure 1200 with 

deposited on a substrate 1201 with and without a soft-metal breath treatment 

according to the present invention. fu Figure 12A, a barrier layer 1203 such as is 
) 

described above is deposited directly on substrate 1201. Substrate 1201 can be any 

suitable substrate material, including glass, plastic, or Si Wafers, for example. 

Substrate 1201 can, for example, include an OLED structure or other optically active 

structure which requires high optical throughput or an electrical structure that may 

utilize the barrier layers as electrical layers. Barrier layer 1203 can be any one or 

more barrier layers as is described above. As illustrated in Figure 12A, barrier layer 

1203 can develop stress-related surface roughness during deposition and use. 

[084] Figure 12B illustrates the results of depositing barrier layer 1203 

following a soft-metal breath treatment according to some embodiments of the present 

invention. As is shown in Figure 12B, the stress is apparently relieved resulting in a 

barrier layer with much better surface smoothness. 

[085] A soft-metal breath treatment according to some embodiments of the 

present invention includes an exposure of the substrate for a short time to a soft metal 

vapor followed by a heat treatment.' An indium-tin breath treatment, for example, 

involves exposure of the substrate to indium-tin from an indium-tin target in a pulsed-

de process and a subsequent heat treatment. Direct exposure to indium-tin-oxide 

vapor does not yield the particular beneficial results illustrated below. Without being 

bound by a particular theory that µiay be presented in this disclosure, an In/Sn breath 
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treatment can relieve stress in the deposited barrier layer, improving surface 

smoothness and MOCON WVTR performance. 

[086] In a particular example of formation of barrier layer structure 1200, 

an embodiment of a soft-metal breath treatment was performed on a plastic substrate 

I 201. A breath treatment of Indium/Tin, for example, can be performed from an . 

Indium Tin (90%/10%) Target. The process for perfom1ing the indium/tin breath 

treatment can be designated as 750W/OW/200 KHz/20Ar/002/10sec. In other words, 

the pulsed-de, biased, wide target PVD process is operated with a 90% Indium/I 0% 

Tin target, an Ar flow of 20 seems running at.a constant power of 750 Win a pulsed 

PVD system 10 (Figure IA) (Pulsing Frequency 200 KHz, Reverse time 2.2 µsec) for 

10 secs in the AKT I 600 PVD system using the Pinnacle Plus PDC power supply. 

Then, the breath treatment continued and substrate I201 was transferred into a load 

lock of an AKT 4300 Tool and the Tool was pumped to a base pressure of less than 

about 1x10-5 Torr. The substrate was then transferred to a Heat Chamber at 130 °C at 

1x10-s Torr where it is thermally treated at 130 °C for about 25 min. 

[087] Substrate 1201 (with the indium/tin breath treatment described 

above) was then moved to a second chamber where barrier layer 1203 is deposited. 

Barrier layer 120~ can be fonned, as indicated above, from a 92-8 Alumina-Silicate 

(92% Si/8% Al) target with the depositfon. perfonned at room temperature. 

[088] The process parameters for the deposition of the embodiment of 92-8 , 

barrier layer 1203 can be 3KW/200W/200KHz/85Ar/9002/X.. Therefore, the process 

is performed with about 3 KW PDC power, about 200 KHz Pulsing Frequency, and 

about 2.2 microseconds reverse time. Bias power can be held at about 200 W. A Gas 
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flow of about 85 seems of Ar and about 90 seems of 02 was utilized. In deposition of 

this particular embodiment, the deposition process was power cycled where the on 

cycle was about 180 secs long and the off cycle was about 600 secs long for 9 cycles. 

The thiclmess of the resulting barrier .layer 1203 was then about 1600 A. In a 

particular test, the process described above was utilized for deposition of a barrier 

stmcture 1200 with substrate 1201 being three plastic sheets of size 6 inch by 6 inch 

(Dupont Teijin PEN films 200 µm thick, referred to as a PEN substrate). In general, 

any barrier layer (e.g., the 92-8 or Ti02 layers discussed above) can be deposited 

following a soft-metal breath treatment. As discussed before, examples of processes 

for embodiments of barrier layers according to the present invention are presented 

· here but wide ranges of process parameters can result in barrier layers according to 

the present invention. 

[089] Barrier layer structure 1200 on substrate 1201 can then be tested 

using a variety of techniques, some of which are described below. In particular, the 

stress in layer 1203 can be measured using a Flexus Stress Measurement technique. 

Surface roughness can be measured utilizing an atomic force microscope (AFM), and 

water vapor transmission rates (WVTR) can be measured in a high pressure, high 

humidity pressure cooker device. 

[090) Figure 13 illustrates a Flexus Scamring Assembly 1300 that can be 

utilized to test barrier layer structure 1200. In Flexus Scanning Assembly 1300, a 

light beam for laser 1310 is directed onto the upper surface of barrier layer 1203 by a 

mirror 1312. The reflected light beam from barrier layer 1203 is detected by detector 

1314. Detector 1314 measures the deflection of the light beam from the beam 
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reflected by mitrnr 1312. The optical section 1316, which can include laser 1310, 

mirror 1312, and detector 1314, can be sc'anned across substrate 1201 and the angle of 

deflection 9, which is related to the radius of curvature of substrate 1201 as shown in 

relation 1318. 

[091] The thin film stress in barrier 1203 can be calculated utilizing the 

changes in substrate deformation measured by Plexus apparatus 1300 as optical 

portion 1316 is scanned. As is shown in relationship 1318, the angle of the reflected 

beam can be monitored during the scan and the inverse of the radius of curvature R of 

substrate 1201 can be calculated from the derivative of the angle as a function of 

position in the scan. 
·' .. ·. 

[092] In some cases, Plexus apparatus 1300 can utilize a dual wavelength 

technology to increase the range of film types that the tool is capable of measuring. 

Each Plexus apparatus 1300, then, can have more than one laser 1310 available for 

scanning the wafer since different film types will reflect different wavelengths of 

light. Further, the reflected laser intensity provides a good indication of the quality of 

the measurement. In general, low light intensity at detector 1314 indicates a poor 

measurement condition. 

[093] In Flexus apparatus 1300, stress can be determined using Stoney's 

equation. In particular, stress in layer 1203 can be determined by measurements of 

the radius of curvature before deposition of layer 1203 and the radius of curvature 

after deposition oflayer 1203. fu particular, according to Stoney's equation, the stress 

can be given by 
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where Esl(l-v5) is the biaxial modulus of substrate 1201, cr is the stress of substrate 

120 l, ts is the substrate thickness, tr is the film thickness, Rs is the pre-deposition 

radius of curvature, and Rr is the post deposition radius of curvature. To obtain the 

best results, both measurements of the radius of curvature should be performed on the 

same tool to minimize systematic error in the measured radius. In addition, because 

the shape of a wafer is unique and because stress is calculated based on the change in 

deformation of the substrate, each wafer should have a baseline radius measurement. 

A positive radius indicates tensile stress and a negative radius indicates compressive 

stress. Wafer bow can be calculated, as shown in Figure 14, by measuring the 

maximum point of deflection from the chord connecting the end-points of a scan of 

Flux apparatus 1300. 

[094) Measurements of stress perfonned on several embodiments of barrier 

films 1203 where barrier film 1203 is a 92-8 film as discussed above with and without 

a nucleation layer 1202 formed by a soft-metal breath treatment is tabulated in Table 

2. As shown in Table 2, sample 1 was a 1.5 KA 92-8 film of actual thickness 1760 A 

deposited on a Si-Wafer substrate. The resulting stress at about room temperature 

was -446.2 MPa. Sample 2 was a 1.5 KA 92-8 film of actual thickness 1670 A over 

an Al-breath deposition resulted in a stress of about -460.2 MPa. In sample 3, a 1.5 

KA 92-8 film of thickness 1860 A was deposited subsequent to a In-breath deposition 

and resulted in a stress of -330.2 MPa, nearly 100 MPa lower than either of the other 

two depositions depicted. 
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1, sample 2, and sample 3 as shown in Table 1 over a temperature cycle. The 

temperature cycle included heating from room temperature to about 160 °C and 

cooling back to room temperature. In a Si-Wafer 'Substrate, the radius of the wafer is 

assumed not to change with temperature. Stress data in each case was taken at the 

temperature indicated. As can be seen from Figure 15, 92-8 films deposited over an 

In-breath treatment exhibited much less stress than did either a 92-8 film deposited 

over an Al-breath treatment or a 92-8 film deposited over the substrate without a soft

metal breath treatment. 

[096] Atomic-force microscopy (AFM) can be utilized to measure surface 

roughness of a film. In AFM, a miniature probe is physically scanned over the 

surface of a film such that the probe is in contact, and follows the surface, of the film. 

The probe has a small tip and therefore is capable of accurately monitoring the surface 

roughness for features on the order of a few nanometers. 

[097] Figure l 6A shows the surface roughness of a PEN substrate (Dupont 

Teijin PEN films 200 µm thiclrness), before deposition of a barrier layer according to 

the present invention. As is shown in Figure 16A, a PEN substrate typically has a 

surface roughness of average 2.2 nm, root-mean-square average RMS of 3.6 nm, and 

a typical maximum roughness of about 41.0 nm. As shown in Figure 16B; deposition 

of a 1.5 KA 92-8 after an indium-tin breath treatment on a PEN substrate Fesults in an 

average surface roughness of 1.0 nm with RMS roughness of 1. 7 nm and maximum 

roughness of23.6 nm. As is shown in Figure 16C, an indium-tin-oxide (ITO) breath 

treatment was performed before the 1.5 KA 92-8 barrier layer film deposition 
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resulted in an average roughness of2.l nm with RMS roughness of3.4 run and 

maximum roughness of 55.4 nm. The deposition shown in Figure 16C is performed 

with a 125 µm PEN substrate rather than a 200 µm PEN substrate. Therefore, a direct 

ITO treatment does not perfonn as well as treatment with an indium-tin breath. As 

shown in Figure 16D, deposition of a barrier layer of 1.5 KA directly on a 125 µm 

PEN substrate resulted in a barrier layer with average surface roughness of about 5.2 

nm with RMS roughness of 8.5 nm and maximum roughness of 76.0 nm. Therefore, 

although the ITO breath treatment was better than no soft-metal treatment at all with 

respect to surface roughness, an indium-tin breath treatment resulted in the best 

surface roughness yielding an average surface roughness of about 1.0 nm. 

[098] Figure 17 illustrates a water vapor transmission (WVTR) testing 

apparatus 1700 that can be utilized to characterize barrier layer films according to 

embodiments of the present invention. A sample 1701 can be mounted into apparatus 

1700 in such a way that the surface of substrate 1201(Figure12) is isolated from the 

surface of barrier layer 1203 (Figure 12). A moisture-free gas is input to port 1702, 

contacts one surface of sample 1701., and is directed to sensor 1703 where the water 

vapor coming from sample 1701 is monitored. A humid gas is directed to the 

opposite side of sample 1701 through port 1705. An RH probe 1704 can be utilized 

to monitor the water content of the gas input to port 1705. Sensor 1703, then, 

monitors the water vapor that is transmitted through sample 1701. 

[099] Such tests are performed by Macon Testing Service, 7500 Boone 

Avenue North, Minneapolis, MN 55428. In addition, the Macon testing is 

perefonned in accordance with ASTM Fl249 standards. Typically, instruments 
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utilized for WVTR testing by Mocon can detect transmission in the range 

0.00006gm/100in2/day to 4gm/100in2/day. The Mocon 3/31 instrunient, for example, 

has a lower detection limit of about 0.0003gm/100in2/day. 

[0100] A barrier layer deposition formed with an Al-breath trea1ment 

followed by a 1.5 KA 92-8 barrier layer deposition on a 200 µm PEN substrate 

resulted in a Mocon test WVlR of 0.0631 gm/100in2/day. A barrier layer deposition 

formed with an In-breath trea1ment followed by a 1.5 KA 92-8 on 200 µm PEN 

substrate resulting in no measurable WVTR in the Mocon 3/31 instrument (i.e., the 

transmission rate was less than 0.0003 gm/100in2/day). 

[0101] As was further discussed above, Figures 16A through D illustrates 

the role that a soft-metal breath trea1ment (in particular an indium breath trea1ment) 

can play in determining the surface roughness of a deposited barrier layer according 

to the present invention. The surface roughness of a barrier layer can also affect the 

WVTR characteristics of a barrier layer. Smoother barrier layer result in better 

WVTR performance. As such, Figure 16A shows a bare 200 µm PEN substrate with 

no barrier. Figure 16B shows a 200 µm PEN substrate with a 1500 A thickness 92-8 

barrier layer deposited after a In/Sn breath treatment according to the present 

invention. Figure 16C illustrates a 200 µm PEN substrate with a 1500 A 92-8 barrier 

layer deposited after trea1ment with ITO breath. Figure 16D is a 200 µm PEN 

substrate with a 1500 A 92-8 barrier layer directly deposited on the substrate. As can 

be seen, the structure of Figure 16B shows the best surface smoothness 

characteristics. 
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[0102] Table 3 illustrates several examples of barrier layers, with surface 

smoothness characteristics and MOCON WVTR testing results. In Table 3, the 

samples described in rows 1-4 are 92-8 layers (as described above) of thickness about 

2000 A deposited on one or both sides of a 700 µm thick polycarbonate (LEXAN 

produced by General Electric, corp.). The data shows that the double-side coated 

barrier layer structure (rows 1 and 2) perform about an order of magnitude.better in 

MOCON WVTR test than does the one sided structures (rows 3 and 4). 

[0103] Rows 5 through 8 illustrate various deposition on a PEN substrate 

(with rows 5-6 describing deposition on a 200 µm PEN substrate and rows 7 and 8 

describing depositions on a 125 µm PEN substrate). The In breath treatment 

parameters refer to In/Sn breath treatments as discussed above~ The AFM parameters 

are shown in Figures 16B through 16D as described earlier. As discussed before, the 

best surface smoothness and the best WVTR characteristics are shown in row 6, with 

. In breath treatment followed by deposition of a 92-8 layer. The data in row 9 

indicates an In breath treatment (In/Sn) with higher power on a thinner (125 µm) PEN 

substrate. Presumably, the thermal stress behavior on a 125 µm PEN substrate is 

worse than that for a 200 µm PEN substrate. Further indication of this effect is 

shown in the data ofrows 30 through 33 along with Figures 19A and 19B. The data 

in rows 30 and 31 include a indium/tin breath treatment (at 750W) on a 200 µm PEN 

substrate followed by about 1.5 kA 92-8 layer deposition, which yields a very smooth 

surface (e.g., about 1.lnni average) as shown in Figure 19A and an undetectable 

MOCON WVTR characteristic on the MOCON 3/31 test equipment. The data in 

rows 32 and 33, with In/Sn breath treatment followed by 1.5 kA 92-8 layer deposition 
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on 125 µm PEN substrate, shows worse smoothness (about 2.0 run average 

roughness) and a WVTR test in the MOCON apparatus of about 1. 7 X i 0 ·2 

gm/m2/day. The 92-8 depositions illustrated in rows 30 through 33 were concurrently 

performed in a single operation. 

[0104] The data in rows 12 and 13 of Table 3 indicate an In-breath treatment 

plus 1.5 kA Ti02 deposition on a 125 µrn PEN substrate. Data in rows 10 and 11 

indicate an In/Sn-breath treatment plus 1.5 kA 92-8 deposition on a 125 µm PEN 

substrate. As can be seen in Table 3, the WVTR characteristics of92-8 layers is more 

than an order of magnitude better than the WVTR characteri-stics of Ti02 layers. 

Representative smoothness for rows 12 and 13 are presented in Figure 22A and 

representative smoothness for rows 10 and 11 are presented in Figure 22B. As is 

shown in Table 3, the average smoothness for 92-8 layers is approximately an order 

of magnitude better than the average smoothness for Ti02• 

[0105] The data in rows 14 and 15 of Table 3 illustrate an In/Sn breath 

treatment on a 125 µrn LEXAN substrate followed by a 92-8 layer deposition. The 

data in rows 14 and 15 can be compared with the data in rows 32 and 33, which are 

In/Sn breath treatment on a 125 µrn PEN substrate followed by a 1.5 KA 92-'8 layer 

deposition. The smoothness is comparable between the LEXAN and PEN substrate, 

although as can be seen in a comparison of Figures 21A and 21B, the morphology is 

different, i.e. barrier layers according to the present invention deposited on the 

LEXAN substrate show more granularity than barrier layers deposited on the PEN 

substrate. 
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[0106] The data in rows 16 through 18 ofTable 3 illustrate different process 

parameters for an In/Sn breath treatment followed by 1.5 KA 92-8 deposition on a 

200 µm PEN substrate. The data in row 16 illustrates a setting where the current is 

set rather than power. The data in row 16 is taken with a current of 6.15 amps. In the 

barrier layer illustrated in row 17, the In/Sn breath treatment is performed at 1.5 kW 

of operating power. In the barrier layer illustrated in row 18, the In/Sn breath 

treatment is performed at 750 W of operating power. In each case, the MOCON 

WVTR characteristic of the resulting barrier layer is below detectability on the 

MOCON 3/31 instrument. 

[0107] The data in rows 19-29 of Table 3 illustrate different In/Sn breath 

treatments and their effects on the surface smoothness of the resulting barrier layers 

and on the MOCON WVTR characteristics. The data in rows 19-22 are all examples 

of where the In/Sn breath treatment is replaced with a evaporated In layer followed by 

a 130 C preheat treatment. The surface roughness characteristics are illustrated in 

Figure 18A and shows an average roughness of about 1.1 nm. However, the 

morphology is very granular as is shown in Figure 18A, with presumably a lot of 

porosity, resulting in MOCON WVTR test on the order of .8 gm/m2/day. The data 

shown in row 23 of Table 3 illustrates the case where no In/Sn breath treatment is 

utilized and the 200 µm PEN substrate is preheated before deposition of a 1.5 kA 92-8 

deposition, which as shown in Figure 18C has a surface roughness of about 5.2 nm 

average and a MOCON WVTR of about 0.8 gm/m2/day, or the same as is shown with 

the indium evaporation vapor data shown in rows 19-22. Therefore, the same 

characteristics result whether an indium evaporation vapor treatment is applied or not. 
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[O 108] Rows 24-29 of Table 3 illustrate data where an In/Sn breath treatment 

was performed at 280 °C rather than at room temperature. The surface roughness, as 

is illustrated in Figure 18B, was about 1.1 nm average. However, the MOCON 

WVTR data was about 3 X 10·2 gm/m2/day. This value is much higher than that 

shown in the similar depositions of rows 30 and 31, which were below 5 X 1 o·3 

gm/m2/day detectability limits of the MOCON 3/31 instrument. 

[0109] The data in rows 34 and 35 illustrates deposition of a 1.5 kA 35-65 

layer (i.e., a deposition with a target ha~ing 35% Si and 65 % Al) following a In/Sn 
' ' I. ' 

deposition on a 200 µm PEN substrate. As is illustrated, the MOCON WVTR are 1.4 

X 10·1 gm/rn2/day, which shows the possible necessity of a biased process for 

producing barrier layers according to the present invention. 

[O 11 O] Figure 20 illustrates a barrier layer 2002 that can also operate as a 

thin film gate oxide deposited on a substrate 2001. A thin film gate oxide 2002 can be 

deposited as a barrier layer according to the present invention. Such a layer as the 

benefit of protecting moisture and oxygen sensitive transistor layer compounds of 

germanium, tin oxide, zinc oxide, or pentacene, for example, while functioning as the 

thin oxide electrical layer. Substrate 2001 can include any electrical device that can 

be formed on,.for example, a siiicon wafer, plastic sheet, glass plate, or other material. 

Barrier layer 2002 can be a thin layer, for example from 25 to 500 A. 

[0111] Titanium oxide is well known as the preferred material for biological 

implantation due to the lack of immunological response to titanium oxide. In 

addition, it is preferred that a thin film ofTi02, which is an immunologically 

indifferent barrier layer, can simultaneously protect a device such as a voltage or 
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charge sensor or an optical device such as a waveguide while perfonning the role of 

coupling the device capacitively or optically due to its' high dielectric constant or its' 

high optical index. 

[0112] An array of capacitors can be coupled by the high capacitive density 

due to the proximity of the sensor provided by a very thin high-k dielectric such as 

Ti02. In practice, a micron or sub micron array can be used to monitor the electrical 

activity, amplitude, and direction of very low electrical signals such as those that 

accompany the propagation of electrical signals in single axion of single neural 

ganglia. Conversely, it can also be used to electrically couple stimulus to adjacent 

cells or tissue. High resolution, high-capacitance coupling fo the optic nerve, the 

auditory nerve, or neural tissue on the order of 5 to 50 femto-farads/µm 2 is made 

uniquely feasible by such a capacitive barrier film without immunological reaction. 

[0113] Other embodiments of the invention will be apparent to those skilled 

in the art from consideration of the specification and practice of the invention 

disclosed herein. This disclosure is not limited by any theories or hypothesis of 

operation that are utilized to explain any results presented. It is intended that the 

specification and examples be considered as exemplary only, with a true scope and 

spirit of the invention being indicated by the following claims. As such, this 

application is limited only by the following claims. 
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WHAT IS CLAIMED IS: 

1. A dielectric layer, comprising: 

a densified amorphous dielectric layer deposited on a substrate by pulsed

DC, substrate biased physical vapor deposition, 

2. 

target. 

3. 

4. 

5. 

layer. 

6. 

7. 

wherein the ·densified amorphous dielectric layer is a barrier layer. 

The layer of claim 1, wherein the deposition is performed with a wide area 

TI1e layer of claim 1, wherein the barrier layer is also an optical layer. 

The layer of claim 3, wherein the barrier layer includes a Ti02 layer. 

The layer of claim 3, wherein the barrier layer includes an Alumina/Silica 

The layer of claim 3, further including a soft-metal breath treatment. 

The layer of claim 6, wherein the soft-metal breath treatment is an indium-tin 

vapor treatment. , 

8. The layer of claim 1, wherein the barrier layer is also an electrical layer. 

9. The layer of claim 8, wheyein the barrier layer includes a capacitive layer. 

10. The layer of claim 9, wherein the capacitive layer is a Ti02 layer. 

11. The layer ofclaim 9, wherein the capacitive layer is an Alumi~a/silica layer. 

12. The layer of claim 8, wherein the barrier layer includes a resistive layer. 

13. The layer of claim 12, wherein the resistive layer is indium-tin metal or oxide. 

14 The layer of claim 8, further including a soft-metal breath treatment. 

15. The layer of claim 14, wherein the soft-metal breath treatment is an indium

tin vapor treatment. 

16. The layer of claim 1, wherein the barrier layer includes a tribological layer. 

17. The layer of claim 16, wherein the tribological layer is a Ti02 layer. 
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18. The layer of claim 16, wherein the tribological layer is Alumina/silica. 

19. The layer of claim 16, further including a soft-metal breath treatment. 

20. The layer of claim 19, wherein the soft-metal breath treatment is an indium.

tin vapor treatment. 

21. The layer of claim 1, wherein the barrier layer is a biologically immune 

compatible layer. 

22. The layer of claim 1, wherein the biologically immune compatible layer is 

23. The layer of claim 21, further including a soft-metal breath treatment. 

24. The layer of claim 23 wherein the soft-metal breath treatment is an indium-tin 

vapor treatment. 

25. The layer of claim l, wherein the dielectric film is Ti02• 

26. The layer of claim 1, wherein a target utilized to form the dielectric film has a 

concentration of 92% Al and 8% Si. 

· 27. The layer of claim 1, wherein the target utilized to form the dielectric film is 

formed from metallic magnesium. 

28 The layer of claim 1, wherein the target material comprises materials chosen 

from a group consisting of Mg, Ta, Ti, Al, Y, Zr, Si, Hf, Ba, Sr, Nb, and combinations 

thereof. 

29 The layer of claim 28, wherein the target material includes a concentration of 

rare earth metal. 

30 TI1e layer of claim 1, wherein the target material comprises a sub-oxide of a 

group consisting of Mg, Ta, Ti, Al, Y, Zr, Si, Hf, Ba, Sr, Nb, and combinations thereof. 

31. The layer of claim 1, further including a soft-metal breath treatment. 
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32. The layer of claim 31, wherein the soft-metal breath treatment is an indium

tin vapor treatment. 

33. The layer of claim 1, wherein the dielectric film has a permeable defect 

concentration of less than about·l per square centimeter. 

34. The layer of claim 1, wherein the water vapor transmission rate is less than 

about 1 X 10·2 gm/m2/day. 

35. The layer ofclaim 1, wherein the optical attenuation is less than about 0.1 

dB/cm in a continuous film. 

36. The layer of claim 1, wherein the barrier layer has a thickness less than about 

500 nm. 

37. The layer of claim 36, wherein the water vapor transmission rate is less than 

about 1 X 10-2 gm/m2/day. 

38. The layer of claim l, wherein the barrier layer thickness is less than about 1 

micron and the water vapor transmission rate is less than about 1X10 ·2 gm/m2/day. 

39. The layer of claim 1, wherein the barrier layer operates as a gate oxide for a 

thin film transistor. 

40. A method of forming a barrier layer, comprising: 

providing a substrate; 

depositing a highly densified, amorphous, dielectric material over the 

substrate in a pulsed-DC, biased, wide target physical vapor deposition process. 

41. The method of claim 40, further including 

performing a soft-metal breath treatment on the substrate. 

42. The method of claim 40, wherein the dielectric material is formed from a 

target comprising 92% Al and 8% Si. 
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43. The method of claim 40, wherein the dielectric material is formed from a 

target comprising of Titanium. 

44. The method of claim 40, wherein the clielectric material is formed from a 

target material comprising materials chosen from a group consisting of Mg, Ta, Ti, Al, Y, 

Zr, Si, Hf, Ba, Sr, Nb, and c9mbinations thereof. 

45. The method of claim 41, wherein the soft-metal breath treatment is an 

indium/tin breath treatment. 
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Operations and is not part of the Official Record 

BEST AVAILABLE Il\1A.GES 

Defective images within this document are accurate representations of the original 
documents submitted'by the applicant. 

Defects in the images include but are not limited to the items checked: 

Q. BLACK BORDERS 

0 IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

0 FADED TEXT OR DMWING 

0 BLURRED OR ILLEGIBLE TEXT OR DM WING 

0 SKE\:VED/SLANTED IMAGES 
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0 GMY SCALE DOCUMENTS 

0 LINES OR MARKS ON ORIGINAL DOCUMENT 

0 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 

problems checked, please do not report these problems to 

the IFW Image Problem Mailbox. 
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UNITED STATES DEPARTMENT OF COMMERCE 
Uuited States Patent and Trodemark Office 
Address: COMMISSION!ili FOR I' A'fJ,;NTS 

P.O. Box t •50 
AlcrouuJiizt, VugDWI 22313·14~0 
w.-w.urpto giJv 

APPLICA TJON NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT A TTY. DOCKET NO.ffITLE 

10/101,863 03/16/2002 

FINNEGAN, HENDERSON, FARABOW 

GARRETT & DUNNER, L.L.P. 
1300 I STREET N. W. 
WASHINGTON, DC 20005-3315 

Hongmei Zhang M-12245 US 

CONFIRMATION NO. 6938 

11111111111111111 m1m111111 m1m1111111111111111111111111111~111111111111111111111111 
*OC0000000149567 46* 

Date Mailed: 01/13/2005 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/02/2003. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 

above address as provided by 37 CFR 1.33. 
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Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 638 of 1543



1rBJ1 UNITED STATES PATENT AND TRADEMARK OFFICE 

~~ ... ~ 

UNITED STATES DEPARTMENT OF CO~l.MERCE 
United States Pnt.,u< and Trodemtirk Offic" 
Address: COMMISSIONEH f'OR PATEN'l'S 

P.O. !lo< 1450 
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APPLICATION NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT I · A TTY. DOCKET No.rrmE 

10/101,863 

Skjerven Morrill Macpherson LLP 
Suite 700 
250 Metro Drive 
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03/16/2002 Hongmei Zhang M-12245 US 

CONFIRMATION NO. 6938 
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*OC000000014956630* 

Date Mailed: 01 /13/2005 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/02/2003. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 

provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

JANICE L ROBERTSON 
2800 (571) 272-1613 

OFFICE COPY 
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Office Action Summary 

Application No. 

10/101,863 

Examiner 

MlcheUe Estrada 

Appllcant(s} 

ZHANG ·er AL. 

Art Unit 

2823 

- The MAfLING DATE of this communlcatlon appears on the cover sheet with the correspondence 1ddreu -

Period for Reply 

A SHORTENED STA TUT ORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) FROM 

THE MAILING DATE OF THIS COMMUNICATION. 
- Exlenslons ofQme may be avallable under the provllilotls of 37 CFR 1.138(e~ In no even~ however. may e reply be Umely flled 

after SIX (6) MONTHS from the malling date of lhls communication. 
• If Ille period ror reply spedr18d above Is 18Sll lhan thlrty (30) dayo, a reply within Ille statutory minimum of thirty (30) days wlll be considered timely. 

- If NO perlod for reply Is specihd above, the meidmum ststutory pel1od wll1 apply and will expire SIX (6) MONTHS from the malling date of this communication. 

- Failure to reply within the set or exten<18<1 pellOd ror reply VIII, by statule, cauH Ille •pplb:llon to become ABANDONED (35 U.S.C. S 133). 

Arly reply received by the Offloe later than three months sfter the malUng date of this oornrnunlcatlon, even If llmely filed, may reduce any 

earned patent lenn adjustment. See 37 CFR 1. 704(b). 

Status 

1 )181 Responsive to communicaUon(s) flied on '23 July 2004. 

2a)181 This action is FINAL. . 2b)0 This action Is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practic;:e under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Clalm(s) 1·14 and 20-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)181 Clalm(s) 1-13 and 20 ls/are rejected. 

7)181 Claim{s) 7.14 end 21-24 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) flied on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawtn~(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s} Including the correction is required If the drawlng(s) Is objected to. See 37 CFR 1.121(d). 

11 )0 The oath or dedaration is obj~ted to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35U.S.C.§119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)[] None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have be~n received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the lntematio~al Bureau (PCT Rule 17.2(a)). 

• See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) D Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0.948) 

3) 181 tnfoonation Disclosure Stalement(s) (PT0-1449 or PTOISB/08) 
Paper No(sytklll Date 7a3/()4 lll2/Q4. 

4) D Interview Summary (PT0-413) 
Paper No(s)IMail Date. __ . . 

5) 0 Nolice of Informal Patent Application (PT0-152) 

6) 0 Other.--· 

U.S. Pe\enl and 1 laoetnan< Oflioe 
PTOL-326 (Rev. 1-04) Office Action Summal)' Part of Paper NoJMail Date 20041004 

, 
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Application/Control Number: 10/101,863 

Art Unit 2823 

DETAILED ACTION 

Claim Objections 

Page2 

Claim 14 is objected to because of the following lnfonnalities: in line 2, it appears 

that "12" should be deleted. Appropriate correction is required. 

Claim Rejections • 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a} which forms the basis for all 

obviousness r~jections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not Identically disclosed or described as set 
forth In section 102 of this tiUe, if the differences between the subject matter sought to be patented and 

the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the Invention was made. 

- Claims 1-13 and 20 are rejected under 35 U.S.C. 103(a)°as being unpatentable 

over the combination of Le et al. (2003/0077914) and Fukui et al. (5,755,938) . 

. With respect to claim 1, Le et al. disclose providing pulsed DC power (22) to a 

target (14) (Page 4, Paragraph (0070)); providing bias pqwer ·to a substrate (16) 

positioned opposite the target (Page 5, lines 13-14); providing process gas between the 

target and the substrate (Page 4, Paragraph (0067]). 

With respect to claim 7, Le et al. disclose wherein the film is an upper cla~ding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075). 

With respect to claim 8, Le et al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Page 4, Paragraph [0067]). 
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Application/Control Number: 10/101,863 

Art Unit: 2823 

Page3 

With respect to claim 9, Le et at disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076)). 

With respect to claim 10, Le et al. disclose wherein the process gas further 

includes nitrogen (Page 5; Paragraph [0074)). 

With respect to claim 11, Le et al. disclose wherein providing pulsed DC power to 

a target includes pro.viding pulsed DC power to a target which. has an area larger than 

that of the substrate (See fig. 3). 

With respect to claim 12, Le et al. disclose further including uniformly sweeping 

the target with .a magnetic field (Page 5, Paragraph [0073)). 

With respect to claim 13, Le et al. disclose wherein unifonnly sweeping the target 

with a magnetic field includes sweeping a magnet· in one direction across the target 

where the magnet extends beyond the target in the opposite direction (Page 5, 

Paragraph (0073]). 

With respect to claim 20, Le et al. disclose conditioning a target (Page 4, 

Paragraph [0070]); preparing the ·substrate (Page 3. Paragraph [0065]); adjusting the 

bias power to the substrate (Page 4, Paragraph [0041]); setting the process gas flow 

(Page 4, Paragraph [0067]); and applying pulsed DC power to the target to deposit the 

film (Page 4, Paragraph (0071)). 

With respect to claims 2-4 and 6, One of ordinary skill in the art would have been 

led to the recited temperature, DC power, time pulse and bias power to routine 

experimentation to achieve a desire layer thickness, device dimension, device 

associated characteristics and device density on the finished wafer in view of the range 
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Art Unit: 2823 

\ 

Page4 

of values disclosed. Furthermore, Le et al. disclose that sets of process parameters 

depend on the specific process chamber (Page 6, Paragraph (0081)). · 
\ 

In addition, the selection of temperature, DC power, time pulse and bias power, its ·~ 

obvious because it is a matter of detennining optimum process conditions by routine 

experimentation with a limited number of species of result effective variables. These 

claims are prima .f~cie obvious without showing that the ~laimed ranges achieve 

unexpe.cted results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937~ (Fed. 'Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed. ranges or a result effective variable, which do not over1ap the prior art 

ranges, are unpatentable: unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the res~lts of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 
~ . 

variable in known p~cess is ordinarily within skill or art) .and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, time pulse and bias power or any unexpected 

results arising therefrom. Where patentability Is said to be based upon particular 

chosen temperature, DC power, time pulse and bias power or upon another variable 

recited in a claim, the Applicant must show that the chosen temperature, DC power, 

time pulse and bias power are critical. In re Woodruf, 919 F.2d 1575, 1578, 16 

USPQ2d 1934, 1936 (Fed. Cir. 1990). 
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Art Unit: 2823 

· Le et al. do not disclose providing a DC power through a filter. 

Page5 

With respect to claims 1 and 5, Fukui et al. disclose a sputtering process wherein 

the DC power supply (28) is connected through a band·pass filter. 

It would have been· within the scope of one of ordinary skill in the art to combine 

the teachings of Le et al. and Fukui et al. to enable the use of a DC power supply 

through a filter to be used in the process of Le et al. to adjust the impedance to have an 

infinite value so that no RF waves are superposed on a DC power form the DC power 

supply (Col. 6, lines 32-37). 

Allowable Subject Matter 

Claims 7, 14 and 21-24 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

Response to Arguments 

Applicant's arguments filed 7/23/04 have been fully considered but they are not 

persuasive. Applicant argues that Le et al. do not disclose a bias applied to· the 

substrate. However, Applicant is directed to Page 5, lines 13-14, wherein Le et al. 

disclose applying a RF energy (bias) to the gas supplied to the substrate. 
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Page6 

Applicant argues that Fukui does not teach a pulsed DC power supply. However, 

Fukui was not relied on upon for that purpose. Fukui teaches supplying power from a 

DC supply through a filter to the target. Fukui was relied on for the use of a filter to 

supply a power to the target. 

In response to applicant's argument that the examiner's conclusion of 

obviousness is bas~d upon improper hindsight reasoning, it ~ust be recognized that 

any judgment on obviousness is in a sense necessarily a reconstruction based upon 

hindsight reasoning. But so long as it takes into account only knowledge which was 

within the lev~I of ordinary skill at the time the claimed invention was made, and does 

not include knowledge gleaned only .from the applicant's disclosure, such a 

reconstruction is proper. See In re McLaughlin, 443 F .2d 1392, 170 USPQ 209 (CCPA 

1971). 

Applicant argues that utilizing a filter provided for a DC power supply is not 

obvious and may not be necessary in the system taught by Le because of the lack of a 

bias. However, Le discloses applying a bias to energize the gas being applied to the 

substrate, as explained above. Therefore, a filter may be used to provide the pulsed 

DC power through the filter since a bias is being applied. 

Applicant argues that there is no suggestion in Fukui that a pulsed DC power 

supply can be substituted for the RF power supply coupled to the target, nor would one 

skilled in the art be inclined to replace that RF power supply with a pulsed DC power 

supply. However, the Examiner is not substituting the pulsed DC power supply for the 
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RF power supply coupled to the target. The rejection is based on utilizing the filter of 

Fukui to be used in the pulsed DC power supply of Le. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a ). 

A shortened ~tatutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until a~er the end of the THREE·MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be .calculated from the mailing date of 

the advisory action. In no event, however; will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 571-272-1855. The fax phone numbers 

for the organization where this application or proceeding is assigned are 703-308-7722 

for regular communications and 703-308-7724 for After Final communications. 
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Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

~trada 
October 4, 2004 

Qiif( (;1)·1)!~·~;;:.1.ri 

Supervisory Patent f.xa.min:!r 
Tecimotoyy Center :wao 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed January 13, 2005, the period for response having 

been extended to June 13, 2005 by a request for extension of 2 months with the Commissioner 

being authorized to charge the requisite fee to our Deposit Account No. 06-0916, please amend 

the above-identified application as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper. 

Remarks/Arguments follow the amendment sections of this paper. 
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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Currently amended) A method of depositing a film on a substrate, comprising: 

providing pulsed DC power through a filter to a target; 

providing RF bias power to a substrate positioned opposite the target; and 

providing process gas between the target and the substrate, 

wherein the filter protects a pulsed DC power supply from the bias power. and 

wherein a plasma is created between the target and the substrate. 

2. (Original): The method of Claim 1, further including holding the temperature of the substrate 

substantially constant. 

3. (Original): The method of Claim 1, wherein providing pulsed DC power through the filter 

includes supplying up to about 10 kW of power at a frequency of between about 40 kHz and 

about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. (Original): The method of Claim 1, wherein providing bias power to the substrate includes 

supplying up to 1000 W of RF power to the substrate. 

5. (Original): The method of Claim 4, wherein the filter is a band reject filter at the frequency of 

the bias power. 

6. (Original): The method of claim 4, wherein the bias power is zero. 

7. (Original): The method of Claim 1, wherein the film is an upper cladding layer of a 

waveguide structure and the bias power is optimized to provide planarization. 

8. (Original): The method of Claim 1, wherein the process gas includes a mixture of Oxygen 

and Argon. 

-2-
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9. (Original): The method of Claim 9, wherein the Oxygen flow is adjusted to adjust the index 

of refraction of the film. 

10. (Original): The method of Claim 8, wherein the process gas further includes nitrogen. 

11. (Original): The method of Claim 1, wherein providing pulsed DC power to a target includes 

providing pulsed DC power to a target which has an area larger than that of the substrate. 

12. (Original): The method of Claim 1, further including uniformly sweeping the target with a 

magnetic field. 

13. (Original): The method of Claim 12, wherein uniformly sweeping the target with a magnetic 

field includes sweeping a magnet in one direction across the target where the magnet extends 

beyond the target in the opposite direction. 

14. (Currently amended): The method of Claim 1, further including depositing a film on the 

backside of the target [[12]]. 

15.-19. (Canceled). 

20. (Currently Amended): A method of depositing a film on a substrate, comprising: 

conditioning a target; 

preparing the substrate; 

adjusting a RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target through a filter to create a plasma and deposit the 

film. 

21. (Original): The method of Claim 20, wherein conditioning the target includes sputtering 

with the target in a metallic mode to remove the surface of the target and sputtering with the 

target in poisonous mode to prepare the surface. 

-3-
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22. (Original): The method of Claim 21, wherein setting the process gas flow includes adjusting 

constituents in order to adjust the index of refraction of the film. 

23. (Original): The method of Claim 21, wherein applying pulsed DC power includes setting 

the frequency in order to adjust the index of refraction of the film. 

24. (Original): The method of Claim 21, further including adjusting a temperature of the 

substrate in order to adjust the index of refraction of the film. 

25.-39. (Canceled). 

-4-
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REMARKS 

Claims 15-19 and 25-39 were previously withdrawn from consideration in this 

application and canceled. Claims 1-13 and 20-24 are being considered in the present application. 

The Examiner has rejected claims 1-13 and 20 and has objected to claims 7, 14 and 21-24. 

Claims 1, 14, and 20 have been amended in this Amendment. 

Claim Objections 

The Examiner has objected to claim 14 because "in line 2, it appears that '12' should be 

deleted." Applicants have amended claim 14 accordingly. 

Claim Rejections under 35 USC§ 103 

The Examiner has rejected claims 1-13 and 20 under 35 U.S.C. 103(a) as being 

unpatentable over the combination of Le et al. (2003/0077914) and Fukui et al. (5,755,938). The 

Examiner has rejected Applicant's reasoning and has reiterated this rejection. Applicants herein 

traverse the Examiner's further comments. 

1. Claims 1-13 and 20 are allowable over Le and Fukui because the combination of Le and 

Fukui does not teach all of the elements of these claims 

Claim 1 recites "providing pulsed DC power through a filter to a target," "providing RF 

bias power to a substrate," and "wherein a plasma is created between the target and the 

substrate" Claim 20 recites "adjusting a RF bias power to the substrate" and "applying pulsed 

DC power to the target through a filter to create a plasma and deposit the film." As explained 

more fully in the Response filed on July 23, 2004, the combination of Le and Fukui does not 

-5-
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teach providing pulsed DC power to the target to create a plasma and a RF bias power to the 

substrate. 

The teachings of Le 

Le teaches a processing chamber that supplies power, for example pulsed DC power, to a 

target (See, e.g., Le, par. 0070, Figure 3). As described in Le, the PVD chamber "may also have 

a shield 20 to protect a wall 12 of the chamber 36a from sputtered material, and typically, to also 

serve as an anode grounding plane." Id. The shield is either electrically floating or grounded. 

Id. The target is coupled to the power source. Id. 

Therefore, as described in Le, a pulsed DC power supply is connected to the target. No 

bias is applied to the substrate as is suggested by the Examiner. (See, OA, pgs. 2). At most, Le 

teaches that "shield 20 is electrically floating or grounded," (Le, par. 0070), which is not a bias 

as claimed in claims 1 and 20 of the present application, and certainly not an RF bias. 

The Examiner's comments regarding Le 

The Examiner, in the response to Applicant's previous submission, states that 

Applicant argues that Le et al. do not disclose a bias applied to the 
substrate. However, Applicant is directed to Page 5, lines 13-14, 
wherein Le et al. disclose applying a RF energy (bias) to the gas 
supplied to the substrate. 

(Office Action, page 5). Le, however, does not teach or imply energizing the gas with RF energy 

AND utilization of a pulsed DC power supply. Le teaches either energizing the gas with RF 

energy or energizing the gas with pulsed DC power. Further, Le teaches creating a plasma by 

application of RF power and not biasing the substrate by application of RF power, as is 

suggested by the Examiner. 

-6-
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As taught in Le, "[t]he multi-chamber platform 100 has at least one PVD chamber 36a, as 

for example illustrated in FIG. 3, to sputter deposit a titanium oxide (Ti Ox) layer 210, on the 

substrate 16." (Le, par. 0066). In the description of the chamber for depositing the titanium 

oxide, Le teaches that "[t]he PVD chamber 36a further comprises a sputtering target 14 

comprising titanium, facing the substrate 16." (Le, par. 0070). Further, "[t]he target 14 is 

electrically isolated from the chamber 36a and is connected to a voltage source, such as a pulsed 

DC power source 22, but which may also be other types of voltage sources." Id. Further, Le 

explains that "[t]he electric field generated in the chamber 36a from the voltage applied to the 

sputtering target 14 energizes the sputtering gas to form a plasma that sputters off the target 

material." Id. Therefore, in the teachings of Le, pulsed DC power may be supplied to the target 

in the deposition of titanium oxide. Also, as discussed in Le, energizing the sputter gas creates 

the plasma, it does not bias the substrate as suggested by the Examiner's comments above. 

Le further states that "[a ]n advantage of the present process is that a number of steps for 

forming a stacked layer comprising the anti-reflective coating 205 may be carried out in a single 

PVD sputtering chamber 36a." (Le, par. 0074) Le further states that 

[f]or example, the substrate 16 need not be transferred to different 
chambers when forming an anti-reflective coating 205 comprising 
multiple layers of, for example, titanium 230, titanium nitride 220, 
and titanium oxide 210. In one example, prior to forming the 
titanium oxide layer 210, the same chamber 36a is used to deposit 
an elemental titanium layer 230 on the substrate 16 using a 
sputtering gas comprising substantially only argon, and by 
maintaining the target at suitable voltage levels which may include 
DC or RF bias levels. 

(Le, par. 0074). Therefore, Le teaches utilizing multiple chambers to form a stacked layer 

system and teaches utilizing different techniques in the same chamber for deposition of different 

layers. 
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Additionally, Le teaches another example of "a stacked layer 200 fabricated according to 

the present invention ... having a diffusion barrier layer 255, a conductor layer 240, and an 

overlying anti-reflective coating 205 comprising a titanium layer 230 and a titanium oxide layer 

210, or only a titanium oxide layer 210 .... " (Le, par. 0075) In forming this structure, Le 

teaches that "[t]he diffusion barrier layer 255 comprising layers of titanium 260 and titanium 

nitride 250 may be formed on the substrate 16 in the PVD chamber 36a or in one of the other 

chambers 36, by for example, using a sputtering target comprising titanium, introducing a 

sputtering gas comprising argon to form the titanium layer 260, or argon and nitrogen to form the 

titanium nitride layer 250, and energizing the gas by capacitively coupling RF energy to the gas." 

Id. Therefore, the layer is RF sputtered onto the substrate. The RF power is not supplied to the 

gas to create a bias on the substrate, but rather to create the plasma in the gas. Further, Le 

teaches that "[t]hereafter, the substrate 16 is transferred to the chamber 36a to form an anti

reflective coating 205 comprising various layers that include a titanium oxide layer 210, on the 

conductor layer 240." Id. 

Therefore, the RF power is utilized in sputtering one film, and Pulsed DC power is 

utilized to deposit another film, the titanium oxide layer 210. Le does not teach utilizing both RF 

and pulsed DC powers in the same system. Le does not teach the combination of providing 

pulsed DC power to the target and a bias power to the substrate as was suggested by the 

Examiner. 
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The Teachings of Fukui et al. 

As is more fully explained in the Response to Office Action filed on July 23, 2004, Fukui 

et al. does not cure the defects in the teachings of Le. Fukui teaches an RF sputtering chamber 

and not a pulsed-DC PVD chamber. 

Fukui teaches a deposition chamber where an RF power supply is coupled to the target 

through a matching circuit and a second RF power supply is coupled to the substrate through a 

second matching circuit. (See, e.g., Fukui, col. 6, lines 19-41). The matching circuits are 

configured so that reflected waves back to the power supplies are eliminated. Id. Further, a DC 

power supply (NOT a pulsed DC power supply) is coupled to the target through a low-pass filter . 

. Id. As taught in Fukui, "[t]he band-pass filter 27 serves to adjust the circuit impedance to have 

an infinite value so that no RF waves are superposed on a DC power from the DC power supply 

28." (Fukui, col. 6, lines 34-37). Utilizing this arrangement, Fukui claims that "[t]he film 

manufacturing apparatus shown in FIG. 1 can deposit three thin films (e.g., a gate insulating 

film, a semiconductor film and an ohmic contact layer) successively in the single deposition 

chamber 10." (Fukui, col. 6, lines 62-65). 

As a result, Fukui only teaches RF plasma deposition processes and not a pulsed DC 

plasma deposition process. Further, Fukui only teaches a low pass filter coupled between a 

target bias DC power supply and the target. The DC power supply is simply a low power bias 

supply and is not a pulsed DC power supply that applies sufficient power to the target to create 

the plasma and sputter material from the target. The filter taught by Fukui is provided to protect 

a simple low power DC supply utilized for biasing the target and would not be applicable to such 

a pulsed DC power supply utilized for creating a plasma and sputtering material from the target. 
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Further, Utilization of a low pass filter with a pulsed DC power supply would also block the 

output power of the pulsed DC power supply. 

The Examiner's comments regarding Fukui 

The Examiner, in the response to Applicant's previous submission, states that 

Applicant argues that Fukui does not teach a pulsed DC power 
supply. However, Fukui was not relied on upon for that purpose. 
Fukui teaches supplying power from a DC supply through a filter 
to the target. Fukui was relied on for the use of a filter to supply a 
power to the target. 

(Office Action, page 6). As explained further above, the DC power supply and filter taught in 

Fukui is a low power bias supply and is not a pulsed DC power supply sufficient to create a 

plasma and sputter material from the target. 

The combination of Le and Fukui 

The combination of Le and Fukui does not teach "providing pulsed DC power through a 

filter to a target," "providing RF bias power to a substrate," and "wherein a plasma is created 

between the target and the substrate," as is recited in Claim 1, or "adjusting a bias power to the 

substrate" and "applying pulsed DC power to the target through a filter to create a plasma and 

deposit the film," as is recited in Claim 20. In particular, as is discussed above, even the 

combined teachings of Le and Fukui do not teach the combination of providing pulsed DC power 

to the target to create a plasma and an RF bias power to the substrate. 
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2. Claims 1-13 and 20 are allowable over Le and Fukui because there is no motivation to 

combine Le and Fukui as is suggested by the Examiner 

As more fully discussed in the Response to Office Action filed on July 23, 2004, there is 

no motivation to combine Le and Fukui as is suggested by the Examiner. Le teaches a pulsed 

DC PVD system and Fukui teaches an RF based PVD system. The differences between those 

technologies is great. The use of a DC bias power supply to bias the target in an RF PVD system 

does not, in any way, imply a pulsed DC PVD system, as is claimed in claims 1 and 20. 

The Examiner simply states that "[i]t would have been within the scope of one of 

ordinary skill in the art to combine the teachings of Le et al. and Fukui et al. to enable the use of 

a DC power supply through a filter to be used in the process of Le et al. to adjust the impedance 

to have an infinite value so that no RF waves are superposed on a DC power form [sic] the DC 

power supply (Col. 6, lines 32-37)." (Office Action of July 23, 2004, page 5). However, Le 

utilizes a DC power supply for biasing the target and not for generating a plasma for deposition 

of a material. Therefore, it would not be obvious to one skilled in the art to apply a filter 

provided for a DC power supply utilized for biasing a target to protect a much higher powered 

pulsed DC power supply that is utilized in the plasma generation. 

Fukui teaches an RF power supply for creating the plasma and sputtering material from 

the target. There is no suggestion in Fukui that a pulsed DC power supply can be substituted for 

the RF power supply coupled to the target, nor would one skilled in the art be inclined to replace 

that RF power supply of Fukui with a pulsed DC power supply. Further, there is no suggestion 

in Le to substitute a pulsed DC supply for an RF power supply. Placing the low pass filter taught 

by Fukui between the pulsed DC power supply and the target of Le would be inoperative 
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because, assuming the filter survived the power requirements, the filter would not pass the pulsed 

DC power to the target. 

As discussed above, therefore, there is no motivation for one skilled in the art to combine 

the references Le and Fukui in the fashion suggested by the Examiner. 

The Examiner's further comments regarding obviousness 

The Examiner, in the response to Applicant's previous submissions, states that 

Applicant argues that utilizing a filter provided for a DC power 
supply is not obvious and may not be necessary in the system 
taught by Le because of the lack of a bias. However, Le discloses 
applying a bias to energize the gas being applied to the substrate, 
as explained above. Therefore, a filter may be used to provide the 
pulsed DC power through the filter since a bias is being applied. 

(Office Action, page 6). However, as discussed above, Le does not teach applying both a pulsed 

DC power and RF power to the gas. Le teaches utilizing pulsed DC power for one process and 

RF power for a separate process, but not the two together. Further, application of RF power to 

the gas is not a bias, but rather a separate method of generating the plasma (exciting the gas) and 

sputtering material from the target. Therefore, there is no need to provide a filter between the 

pulsed DC power supply and the target as suggested by the Examiner. Furthermore, the low pass 

filter taught by Fukui would not be a suitable filter for that purpose as it would also block the 

pulsed DC power generated by the pulsed DC power supply from reaching the target. 

The Examiner further states that 

Applicant argues that there is no suggestion in Fukui that a pulsed 
DC power supply can be substituted for the RF power supply 
coupled to the target, nor would one skilled in the art be inclined to 
replace that RF power supply with a pulsed DC power supply. 
However, the Examiner is not substituting the pulsed DC power 
supply for the RF power supply coupled to the target. The 
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rejection is based on utilizing the filter of Fukui to be used in the 
pulsed DC power supply of Le. 

(Office Action, pgs. 6-7). As discussed above, the low pass filter taught by Fukui is inapplicable 

for use with a pulsed DC power supply. The filter itself would block the power generated by the 

pulsed DC power supply. Furthermore, the DC power supply taught by Fukui is only for the 

purpose of biasing the target and does not generate a plasma or sputter material from the target, 

as does the pulsed DC power supply taught by Le. Those are two very different functions. One 

skilled in the art would not be inclined to utilize the filter taught by Fukui as is suggested by the 

Examiner. 

Therefore, claims 1 and 20 are not obvious from the references Le and Fukui. Claims 2-

13 depend from claim 1 and are therefore allowable for at least the same reasons as is claim 1. 

The Examiner's comments with regard to claims 2-13 are rendered mute by this discussion and 

therefore Applicant's neither comments on nor agrees with those comments. 

Allowable Subject Matter 

The Examiner has objected to claims 7, 14 and 21-24 "as being dependent upon a 

rejected base claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims." (OA, page 5). 

Request for Interview 

In the event that the Examiner persists in rejecting any of claims 1-13 and 20, Applicant 

requests an interview with the Examiner to discuss those claims and the prior art. The Examiner 

can contact the undersigned at 650-849-6622 in order to arrange a suitable time for such an 

interview. 
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Conclusion 

In view of the foregoing amendments and remarks, Applicant respectfully requests 

reconsideration and reexamination of this application and the timely allowance of the pending 

claims. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Dated: June 10, 2005 

EXPRESS MAIL LABEL NO. 
EV 724128283 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER, L.L.P. 

By~dw~ 
Reg. No. 41,008 
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' 
Advisory Action 

Before the Filing of an Appeal Brief 

Application No. 

101101,863 

Examiner 

Michelle Estrada 

Applicant(s) 

ZHANG ET AL. 

Art Unit 

2823 

•• The MAILING DA TE of this communication appears on the cover sheet with the correspondence address •• 

THE REPLY FILED 10 June 2005 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 

1. [81 The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of 
this application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which 
places the application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or 
(3) a Request for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the 
following time periods: 

a) 0 The period for reply expires ___ months from the mailing date of the final rejection. 
b) [81 The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In no 

event, however, will the statutory period for reply expire late,! than SIX MONTHS from the mailing date of the final rejection. 
Examiner Note: If box 1 is checked, check either box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO 
MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee have 
been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee under 37 
CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as set forth in (b) 
above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b ). 
NOTICE OF APPEAL 

2. 0 The Notice of Appeal was filed on __ . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date 
of filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. 
Since a Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 

3. [81 The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because 
(a)[81 They raise new issues that would require further consideration and/or search (see NOTE below); 
(b)[81 They raise the issue of new matter (see NOTE below); 
(c)1:81 They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
(d)0 They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: Upon cursorv review. the proposed amendment to claims 1 and 20 and the arauments filed 6110105 do not clearly 
place the case in condition for allowance. Applicant's arauments rely on the proposed amendment which has not been 
entered. The proposed amendment would change the scope of claims 1 and 20 raising new issues requiring further 
consideration and/or search. (See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1. 121. See attached Notice of Non-Compliant Amendment (PTOL-324). 
5. 0 Applicant's reply has overcome the following rejection(s): __ . 

6. 0 Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling 
the non-allowable claim(s). 

7. [81 For purposes of appeal, the proposed amendment(s): a) [81 will not be entered, orb) D will be entered and an explanation of 
how the new or amended claims would be rejected is provided below or appended. 
The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: none. 
Claim(s) objected to: 7. 14 and 21-24. 
Claim(s) rejected: 1-13 and 20. 
Claim(s) withdrawn from consideration: none. 

AFFIDAVIT OR OTHER EVIDENCE 

8. D The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 
because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary 
and was not earlier presented. See 37 CFR 1.116(e). 

9. D The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be 
entered because the affidavit or other evidence failed to overcome 2l! rejections under appeal and/or appellant fails to provide a 
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

10. D The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 

11. D The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 

12. D Note the attached Information Disclosure Statement(s). (PTO/SB/08 or PT0-1449) Paper No(s). __ 
13. D Other: __ . 
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Application Number: 10/101,863 I Confirmation Number: 6938 

REQUEST FOR Filing Date: March 16, 2002 
CONTINUED EXAMINATION (RCE) 

TRANSMITTAi ·. E First Named Inventor: ZHANG, Hongmei 
\' . JC'· 

Address to: o' '"··. 
Group Art Unit: 2823 

Mail Stop RCE ~fl ~; Examiner: ESTRADA, Michelle 
Commissioner for Patents ~\. ''?> ~ P.O. Box 1450 Attorney Docket Number: 9140.0016-00 
Alexandria, VA 22313-1450 .0 ~ 

~ & rp.p.ot.+-'f- Attorney Customer Number: 22,852 
-

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application. 

Request for Continued Examination (RCE) practice under 37 C.F.R. § 1.114 does not apply to any utility or plant application filed prior 
to June 8, 1995, or to any design application. 

1. Submission required under 37 C.F.R. § 1.114: Note: If the RCE is eroeer, an)£ ereviousl)l filed unentered amendments 
and amendments enclosed with the RCE will be entered in the order in which the)£ were filed unless aeelicant instructs 
otherwise. If applicant does not wish to have any previously filed unentered amendment(s) entered, application must 

I' request non-entry of such amendment. 

a. 121 Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be 
considered as a submission even if this box is not checked. 

:;. 

D i. Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

ii. 121 Other Amendment and ResQonse to Office Action dated June 10 2005. 

b. D DO NOT ENTER the amendment(s) previously filed on An alternate submission is attached. 

c. 121 Enclosed submission: . 

i. D Amendment/Reply iii. 121 Information Disclosure Statement 

ii. D Affidavit(s)/Declaration(s) iv. D other 

2. Miscellaneous 

a. D Suspension of action on the above-mentioned application is requested under 37 C.F .R. § 1.103(c) for a period of 
months. (Period of suspension shall not exceed 3 months; fee under 37 C.F.R. § 1.17(i) required.) 

b. D Other 

3. Fees 

a. 121 The filing fee is calculated as follows: 

i. 121 $790.00 RCE fee required under 37 C.F.R. § 1.17(e) 

ii. 121 Petition for extension of time for Q Months) $1.020.00 - $450.00 = $570.00 

iii. D Other 

b. 121 The Commissioner is hereby authorized to charge the total fee of $1,360.00 to Deposit Account No. 06-0916. 

c. 121 The Commissioner is authorized to charge any deficiencies in the filing fees, or credit any overpayments to Deposit 
Account No. 06-0916. 

Signature of Applicant, Attorney, or Agent Required 

Name: Gary J. Edwards I~ Reg. No.: 41,008 

Signature: ,,JJi /1)1), t ) _,1./1 / Date: July 13, 2005 

- - v I - / 
. 

EXPRESS MAIL LABEL NO. 
EV 727732935 US "" -g$ 

C'IJ --.. "'° c..> -"'-
- N So 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN TH ~!jg~ ATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(b) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(b), applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. Applicants respectfully request that the 

Examiner consider the listed documents and indicate that they were considered by making 

appropriate notations on the attached form. 

Based on reasonable inquiry, no document listed in this Information Disclosure Statement 

was cited in a communication from a foreign patent office in a counterpart foreign application, 

and no document listed in this Information Disclosure Statement was known to any individual 
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_, 

designated in 37 C.F.R. § l.56(c) more than three months prior to the filing date of this 

Information Disclosure Statement.] 

A copy of the listed non-patent literature document is attached. Copies of the U.S. 

patents and patent publications are not enclosed. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and applicants determine that the cited documents do not constitute 

"prior art" under United States law, applicant reserves the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Dated: July 13, 2005 

EXPRESS MAIL L 
EV 727732935 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~L~ 
Reg. No. 41,008 

-2-
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Examiner Cite 
Initials' No. 1 

RMATION DISCLOSURE 
EMENT BY APPLICANT 

(Use as many sheets as necessary) 

of 

Application Number 
Filing Date 
First Named Inventor 
Art Unit 
Examiner Name 
Attorney Docket Number 

Complete if Known 

10/101,863 

March 16, 2002 
ZHANG, Hongmei 

2823 
ESTRADA, Michelle 

9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 

Number-Kind Code2 
(if known) 

Publication Date Applicant of Cited Document Relevant Passages or Relevant 
MM-DD-YYYY Figures Appear 

US-2004/0077161 04-22-2004 Chen et al. 

US-2003/0175142 09-18-2003 Milonopoulou et al. 

US-2003/0077914 04-24-2003 Le et al. 

US-6,361,662 03-26-2002 Chiba et al. 

US-6,281, 142 08-28-2001 Basceri et al. 

US-6,117,279 09-12-2000 Smolanoff et al. 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examin!lr 
Initials 

Examiner 
Initials' 

I Examiner ~ignature 

Cite 
No.1 

Cite 
No.1 

FOREIGN PATENT DOCUMENTS 
Publication Date Name of Patentee or Pages, Columns, Lines, 

Foreign Patent Document MM-DD-YYYY Applicant of Cited Document Where Relevant Passages 
or Relevant Figures 

Country Code3 Number4 Kind Code5 (if known) Appear 

NON PATENT LITERATURE DOCUMENTS 
Include name of the author (in CAPITAL LETIERS), title of the article (when appropriate), title of the item 

(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 
publisher, city and/or country where published. 

Office Action dated March 25, 2005, received in Application No. 10/954, 182 
(Attorney Docket No. 09140.0016-01000). 

I Date 
Considered 

Translation6 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

EXPRESS MAIL LABEL NO. 
EV 727732935 US 
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Customer No. 22,852 
Attorney Docket No. 9140.0016-00 

~& 11' HE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

PETITION FOR EXTENSION OF TIME 

Applicants petition for a three month extension of time to reply to the Advisory Action of 

July 1, 2005. Applicants filed a Petition for Extension of Time on June 10, 2005, paying a fee of 

$450.00. The fee of $450.00 is subtracted from the fee of $1,020.00 for a three month extension 

of time. Therefore, the Commissioner is hereby authorized to charge the remaining fee of 

$570.00 to our Deposit Account No. 06-0916. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 
,..., 

Respectfully submitted, ::8 -0 -0 -FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER, L.L.P. ..0 ..... 

~ 
..0 

By:~~~ 
0 
I/') 

"'° :s g 
0 g 
0 0 0 - &:; 

d 
Dated: July 13, 2005 

Reg. No. 41,008 .:::. 
j:Q 
a: :s 

EXPRESS MAIL LABEL NO. 
EV 727732935 US 

!S 
,..., 

0 lG 
~ ..... 
"'° u -..... ..... 
...... -0 0 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PA TENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

) 
) 
) ) . crJ 

)
~ Examiner: ESTRADA, Michelle () //l ' ()y}1 

Filed: March 16, 2002 L, f r 

For: BIASED PULSE DC REACTIVE . ~) Confirmation No.: 6938 . n {; v 
SPUTIERING OF OXIDE FILMS ~ -

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed January 13, 2005, the period for response having 

been extended to June 13, 2005 by a request for extension of2 months with the Commissioner 

being authorized to charge the requisite fee to our Deposit Account No. 06-0916, please amend 

the above-identified application as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper. 

Remarks/Arguments follow the amendment sections of this paper. 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Cqmmissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) 
) 
) 
) 
) 
) 

Examiner: ESTRADA, Michelle 

Confirmation No.: 6938 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(b) 

Purs'ttant to 37 C.F.R. §§ 1.56 and 1.97(b), applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. Applicants respectfully request that the 
'-, 

Examiner consider the listed documents and indicate that they were considered by making 

appropriate notations on the attached form. 

Based on reasonable inquiry, no document listed in this Information Disclosure Statement 

was cited in a communication from a foreign patent office in a counterpart foreign application, 

and no document listed in this Information Disclosure Statement was known to any individual 
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designated in 37 C.F.R. § l.56(c) more than three months prior to the filing date of this 

Information Disclosure Statement. 

Copies of the listed foreign patents and non-patent literature documents are attached. 

Copies of the U.S. patents and patent publications are not enclosed. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and applicants determine that the cited documents do not constitute 

"prior art" under United States law, applicant reserves the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & UNNER, L.L.P. 

Dated: July 28, 2005 

EXPRESS MAIL LABEL NO. 
EV 727733065 US 

-2-

--~ - -------
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Complete if Known IDS Form PTO/SB/08: Substitute for form 144 lAIPT~\. 1 S 1f3~ ':., 
l ~ Application Number 10/101,863 

INFORMATION DISC ~A~URE ~{) Filing Date March 16, 2002 

STATEMENT BY APIP'C. · .~ First Named Inventor ZHANG, Hongmei 

Art Unit 2823 
{Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

Sheet I 1 I of I 9 Attorney Docket Number 9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
'Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 

Initials" No. 1 

I Examiner 
Signature 

Number-Kind Code
2 

(if known) 

US 2005/0006768 A 1 

US 2005/0000794 A 1 

US 2004/0259305 A 1 

US 2004/0105644 A1 

US 2003/0174391 A1 

US 2003/0141186 A1 

US 2003/0127319 A1 

US 2003/0097858 A 1 

US 2002/0170821 A1 

US 2001/041460 A1 

US 2001/0027159 A1 

us 6,750,156 82 

us 6,576,546 82 

us 6,444,750 81 

us 6,433,380 82 

us 6,423,776 81 

us 6,416,598 81 

us 6,413,645 81 

us 6,365,319 81 

us 6,302,939 81 

us 6,300,215 81 

us 6,261,917 81 

us 6,248,640 81 

us 6,232,242 

us 6,214,660 81 

us 6,210,544 81 

us 6,204, 111 81 

us 6,198,217 81 

us 6,197,167 81 

us 6, 165,566 

Publication Date 
MM-DD-YYYY 

01-13-2005 

01-06-2005 

12-23-2004 

06-03-2004 

09-18-2003 

07-31-2003 

06-10-2003 

05-29-2003 

11-21-2002 

11-15-2001 

10-04-2001 

06-15-2004 

06-10,-2003 

09-03-2002 

08-13-2002 

07-23-2002 

07-09-2002 

07-02-2002 

04-02-2002 

10-16-2001 

10-09-2001 

07-17-2001 

06-19-2001 

05-15-2001 

04-10-2001 

04-03-2001 

03-20-2001 

03-06-2001 

03-06-2001 

12-26-2000 

Applicant of Cited Document 

Narasimhan et al. 

Demaray et al. 

Demaray et al. 

Dawes 

Pan et al. 

Wang et al. 

Demaray et al. 

Strohhofer et al. 

Sandlin et al. 

Wiggins 

Kaneyoshi 

Le et al. 

Gilbert et al. 

Touhsaent 

Shin 

Akkapeddietal. 

Si rear 

Graff et al. 

Heath et al. 

Rabin et al. 

Shin 

Quek et al. 

Nam 

Hata et al. 

Uemoto et al. 

Sasaki 

Uemoto et al. 

Suzuki et al. 

Tanaka 

Tropsha 

I Date 
Considered 

Relevant Passages or Relevant 
Figures Appear 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 
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IDS Form PTO/SB/08: Substitute for fonn 1449A/PTO 
Complete if Known 

Application Number 10/101,863 

INFORMATION DISCLOSURE Filing Date March 16, 2002 

STATEMENT BY APPLICANT First Named Inventor ZHANG, Hongmei 

Art Unit 2823 
(Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

Sheet I 2 I of I 9 Attorney Docket Number 9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 

I Examiner I 
Signature 

us 6,157,765 

us 6,146,225 

us 6, 106,933 

us 6,080,643 

us 6,077,642 

us 6,071,323 

us 6,058,233 

us 6,052,397 

us 6,051,296 

us 6,046,081 

us 6,004,660 

us 5,966,491 

us 5,952,778 

us 5,930,584 

us 5,900,057 

us 5,882,946 

us 5,870,273 

us 5,853,830 

us 5,831,262 

us 5,811, 177 

us 5,771,562 

us 5,762,768 

us 5,757,126 

us 5,738,731 

us 5,731,661 

us 5,689,522 

us 5,686,360 

us 5,654,984 

us 5,607,789 

us 5,591,520 

us 5,563,979 

us 5,538,796 

12-05-2000 

11-14-2000 

08-22-2000 

06-27-2000 

06-20-2000 

06-06-2000 

05-02-2000 

04-18-2000 

04-18-2000 

04-04-2000 

12-21-1999 

10-12-1999 

09-14-1999 

07-27-1999 

05-04-1999 

03-16-1999 

02-09-1999 

12-29-1998 

11-03-1998 

09-22-1998 

06-30-1998 

06-09-1998 

05-26-1998 

04-14-1998 

03-24-1998 

11-18-1997 

11-11-1997 

08-05-1997 

03-04-1997 

01-07-1997 

10-08-1996 

07-23-1996 

Bruce et al. 

Sheats et al. 

Nagai et al. 

Noguchi et al. 

Ogata et al. 

Kawaguchi 

Dragone 

Jeon et al. 

Mccaulley et al. 

Kuo 

Topolski et al. 

DiGiovanni 

Haskal et al. 

Sun et al. 

Buchal et al. 

Otani 

Sogabe et al. 

Mccaulley et al. 

Greywall et al. 

Shi et al. 

Harvey, II I et al. 

Goy et al. 

Harvey, Ill et al. 

Shindo et al. 

So et al. 

Beach 

Harvey, Ill et al. 

Hershbarger et al. 

Treger et al. 

Migliorini et al. 

Bruce et al. 

Schaffer et al. 

I Date 
Considered 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 
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IDS Form PTO/SB/08: Substitute for fonn 1449A/PTO Complete if Known 
Application Number 10/101,863 

INFORMATION DISCLOSURE Filing Date March 16, 2002 

STATEMENT IBY APPLICANT First Named Inventor ZHANG, Hongmei 

Art Unit 2823 
(Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

Sheet I 3 I of I 9 Attorney Docket Number 9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 

us 5,499,207 03-12-1996 Miki et al. 

us 5,457 ,569 10-10-1995 Liou et al. 

us 5,355,089 10-11-1994 Treger 

us 5,309,302 05-03-1994 Vollmann 

us 5,306,569 04-26-1994 Hiraki 

us 5,303,319 04-12-1994 Ford et al. 

us 5,296,089 03-22-1994 Chen et al. 

us 5, 173,271 12-22-1992 Chen et al. 

us 5, 119,460 06-02-1992 Bruce et al. 

us 5, 107 ,538 04-21-1992 Benton et al. 

us 5,085,904 02-04-1992 Deak et al. 

us 4,587,225 05-06-1986 Tsukuma et al. 

RE 32,449 06-30-1987 Claussen 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examiner 
Initials' 

I Examiner 
Signature 

Cite 
No.1 

FOREIGN PATENT DOCUMENTS 
Publication Date Name of Patentee or 

Foreign Patent Document MM-DD-YYYY Applicant of Cited Document 

Country Code3 Number4 Kind Code5 
(ii known) 

EP 1 189 080 A2 03-20-2002 

EP 1 092 689 A1 04-18-2001 

EP 1068899 A 1 01-17-2001 

EP 0 639 655 A1 02-22-1995 

EP 0 652 308 A2 10-13-1994 

EP 0 510 883 A2 10-28-1992 

JP 7-233469 09-05-1995 

JP 2-054764 A2 02-23-1990 

WO 00/21898 A1 04-20-2000 

Agere Systems 
Optoelectronics Guardian 
Corporation 

BPS Alzenau GmbH 

Nippon Sheet Glass Co., Ltd. 

Asahi Glass Co, Ltd. 

Mega Chips Corp. 

AT&T 

Asahi Glass Co, Ltd. 

Leybold AG 

Samsung Electronics Co. 

I Date 
Considered 

Pages, Columns, Lines, 
Where Relevant Passages 

or Relevant Figures 
Appear 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in confonnance with MPEP 609. Draw line through 
citation if not in confonnance and not considered. Include copy of this fonn with next communication to applicant. 
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IDS Fonn PTO/SB/08: Substitute for form 1449A/PTO Complete if Known 
Application Number 10/101,863 

INFORMATION DISCLOSURE Filing Date March 16, 2002 

STATEMENT IBY APPLICANT First Named Inventor ZHANG, Hongmei 

Art Unit 2823 

Sheet 

Examiner 
Initials· 

I Examiner 
Signature 

(Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

I 

Cite 
No.1 

4 I of I 9 Attorney Docket Number 9140.0016-00 

NON PATENT LITERATURE DOCUMENTS 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 
publisher, city and/or country where published. 

AFFINITO et al., "PMUoxide/PML Barrier Layer Performance Differences Arising from 
Use of UV or Electron Beam Polymerization of the PML Layers," Thin Solid Films Vol. 
308-309, pp. 19-25 (1997) 
AFFINITO et al., "Polymer-Oxide Transparent Barrier Layers," Society of Vacuum 
Coaters, 39th Ann. Technical Conference Proceedings, May 5-10, 1996, Philadelphia, 
PA, pp. 392-397 (1996). 
ALDER, T. et al., "High-Efficiency Fiber-to-Chip Coupling Using Low-Loss Tapered 
Single-Mode Fiber," IEEE Photonics Technolog~ Letters, 12(8):1016-1018 (2000). 
ALMEIDA, Vilson R. et al., "Nanotaper for compact mode conversion," Optics Letters, 
28(15):1302-1304 {2003). 
ASGHARI et al., "ASOC--A Manufacturing Integrated Optics Technology," Part of the 
SPIE Conference on Integrated Optics Devices Ill, vol. 3620, pp. 252-262 (Jan. 1999). 
BARBIER et al, "Amplifying Four-Wavelength Combiner, Based on Erbium/Etterbium-
Doped Waveguide Amplifiers and Integrated Splitters", IEEE PHOTON/CS 
TECHNOLOGY LETTTERS, Vol.9, pp 315-317, 1997, 4 pages 
BEACH R.J., "Theory and optimization of lens ducts," Applied Optics, 35:12:2005-15 
(1996) 
BESTWICK, T., "ASOC silicon integrated optics technology," Part of the SPIE 
Conferences on Photonics Packaging and Integration, SPIE vol. 3631, pp. 182-190 
(Jan. 1999). 
BORSELLA et al., "Structural incorporation of silver insoda-lime glass by the ion-
exchange process: a photoluminescence spectroscopy study", Applied Physics A 71, 
pp.125-132(2000) 
CAMPBELL et al., "Titanium dioxide {Ti02)-based gate insulators," IBM J. Res. 
Develop. 43(3), 383-391, (May 1999). 
CHANG, C.Y. {edited by), "ULSI Technology," The McGraw-Hill Companies, Inc., New 
York, 1996, Chapter 4, pp. 169-170, 226-231 (1996) .. 
CHEN et al. "Development of Supported Bifunctional Electrocatalysts for Unitized 
Regenerative Fuel Cells," Journal of the Electrochemical Society, 149(8), A 1092-99, 
(2002). 
CHOI et al., "Er-Al-codoped silicate planar light waveguide-type amplifier fabricated by 
radio-frequency sputtering," Optics Letters, vol. 25, No. 4, pp. 263-265 (Feb. 15, 
2000). 
COOKSEY et al. "Predicting Permeability & Transmission Rate for Multilayer 
Materials," Foodtechnology, Vol. 53, No. 9, pp. 60-63(September1999). 

Crowder, et al., "Low-Temperature Single-Crystal Si TFT's Fabricated on Si Films 
Processed via Sequential Lateral Solidification," IEEE, vol. 19, no. 8 (August 1998), 
pages 306-308. 

I Date 
Considered 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 
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IDS Form PTO/SB/08: Substitute for form 1449A/PTO Complete if Known 

Application Number 10/101,863 

INFORMATION DISCLOSURE Fifing Date March 16, 2002 

STATEMENT BY APPUCANT First Named Inventor ZHANG, Hongmei 
Art Unit 2823 

Sheet 

I Examiner 
Signature 

I 
(Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

5 I of I 9 Attorney Docket Number 9140.0016-00 

NON PATENT LITERATURE DOCUMENTS 
DELAVAUX et al., "Integrated optics erbium ytterbium amplifier system in 10 Gb/s 
fiber transmission experiment", 22nd European Conference on Optical Communication 
- ECOC' 96, Oslo, 4 pages (1996). 
Distiributed Energy Resources: Fuel Cells, Projects, 
htt1;i://www.eere.energ:t.gov/der/fuel cells/projects.html (2003). 

DuPont Teijin Films, Mylar 200 SBL 300, Product Information (2000). 

Electrometals Technologies Limited, Financial Report for the year 2002, Corporate 
Directory, Chairman's Review, Review of Operations (2002). 
E-Tek website: FAQ, Inside E-Tek, E-Tek News, Products; http://www.etek-inc.com/ 
(2003). 
FL YTZANIS et al, "nonlinear Optics in Composite Materials," E. Wolf, Progress in 
Optics XXIX (c) Elsevier Scince Publishers B.V., pp. 323-425 (1991). 
FRAZAO et al., "EDFA Gain Flattening Using Long-Period Fibre Gratings Based on 
the Electric Arc Technique," (date unknown). 
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(54) Method for making a planar optlcal waveguide 

(57) The present invention is a method for making 
planar waveguides. The method comprises the steps of 
providing a workpiece comprising a layer of material 
suitable for the waveguide strip;· patterning the layer so 
that the workpiece comprises a base portion and the at 
least one protruding portion; forming a cladding layer on 
the protruding portion; and attaching the cladding layer 

·FIG. 2E 
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to a substrate. Depending on the composition of the 
workpiece, the process may further require removing 
the base portion to expose the bottom surface of the pro
truding portion. With this method, a planar waveguide 
or a planar waveguide amplmer may be fabricated hav
ing thickness dimensions greater than 5 µm, or more 
preferably, in the range of 10-20 µm. · · 
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Description 

[0001) The present invention relates to a method for 
making planar waveguides having relatively large thick· 
ness dimensions. The invention is useful in fabricating 
planar waveguide arrays and planar waveguide ampli· 
tiers for communications systerriS. 
(0002) Optical communications systems can transmit 
cwtical signals over long distances at high speeds. An 
optical signal Is transmitted from a light source to a 
waveguide and ultimately to a detector. Waveguide 
structures such as optical fibers transmit the light sig· 
nals. Basically, a waveguide structure comprises an In-
ner core region fabricated from a material having acer
tain index of refraction, and an outer cladding region 
contiguous the core comprised of a material having a 
lower index of refraction. A light beam propagated along 
the core will be guided along the length of the waveguide 
by total internal reflection. 

5 

scale manufacturing of hybrid integrated opto-electronic 
devices, there is a need to more efficiently couple vari
ous waveguide devices together while minimizing loss· 
es. 
[0008) The present invention is a method for making 
planar waveguides. The method comprises the steps of 
providing a workpiece comprising a layer of material 
suitable for the waveguide strip; patterning the layer so 
that the workpiece comprises a base portion and the at 

10 least one protruding portion; forming a cladding layer on 
the protruding portion; and attaching the cladding layer 
to a substrate. Depending on the composition of the 
workpiece, the process may further require removing 
the base portion. With this method, a planar waveguide 

15 or a planar waveguide amplifier may be fabricated hav
ing thickness dimensions greater than 5 µm, or more 
preferably, in the range of 10-20 µm. 

(0003] Planar waveguides are flat waveguide struc· 20 

tures that guide light In essentially the same way as op-

[0009) The advantages, nature and various additional 
features of the invention will appear more fully upon con
sideration of the illustrative embodiments now to be de
scribed In detail In connection with the accompanying 

tical fibers. A planar waveguide structure comprises a 
higher Index core strip of material (the "waveguide 
strip") embedded In a lower index substrate. 
(0004) Optical communication systems typically in· 25 

elude a variety of devices (e.g., light sources, photode· 
tectors, switches, optical fibers, ampllflers, and filters). 
Amplifiers and filters may be used to facilitate the prop· 
agation light pulses along the waveguide. 
[0005) The connections between the various system 30 

components inherently produce loss in optical commu
nication systems. For example, in planar waveguide 
amplifiers it would be desirable to couple planar 
waveguides with a multimode signal collection fiber. 
However, applylng conventional processing, planar 35 

waveguide amplifiers typically cannot be made with 
cores that are more than about 5 µm thick, and conven-
tion al sputtered films have a thickness of about 2-3 µm. 

drawings. In the drawings: 

FIG. 1 is a block diagram showing steps of the In
ventive method; 

FIGS. 2A·2E schematically Illustrate a planar 
waveguide structure at various steps of the Fig. 1 
process; and 

FIG. 3 is a schematic illustration of part of an optical 
communications system using a planar waveguide 
structure fabricated by the process of Fig. 1. 

[0010) It Is to be understood that these drawings are 
for the purposes of illustrating the concepts of the Inven
tion and are not to scale. 
[0011) Referring to the drawings, Fig. 1 is a schematic 
block diagram showing the steps in making a planar On the other hand, a multimode signal collection fiber 

has a core that Is typically more than 50 µm in diameter. 
This mismatch In vertical dimension makes It very diffi
cult to efficiently couple light from a multimode signal 
collection fiber to a planar waveguide. Losses can 
amount to up to 17 dB or In some cases up to - 97 to 
98 percent of the transmitted light. 

40 waveguide. As shown in Block A of Fig. 1, the first step 
Is to provide a workpiece comprising a layer of material 
suitable for the waveguide strip. The workpiece can be 
a bulk disk of the strip material or a substrate-supported 
layer of the strip material. The layer, if desired, can ex-

[0006) Many other factors also contribute to losses in 
waveguide connections. Such factors Include overlap of 
fiber cores, misalignment of the fiber axes, fiber spacing, 
reflection at fiber ends, and the numerical aperture (NA) 
mismatch. If a fiber receiving llght has a smaller NA than 
a fiber delivering the light, some light will enter the re
ceiving fiber In modes that are not confined to the core 
and will leak out of the fiber. The loss can be quantified 

45 ceed the thickness of the waveguide strip to be formed. 
[0012) The next step, shown in Block Bis to pattern 
the layer of strip material to form at least one protruding 
portion corresponding in dimension to a waveguide strip 
to be fabricated. The patterning can be conveniently ef· 

50 fected by photolithography, masking one or more pro
truding strips and etching the unmasked material as by 
wet etching. Preferably a plurality of protruding portions 
are patterned to produce an arra)' of ~aveguides. 

by the formula: Loss (dB)= 10 log10 (NAtNA1)2. Thus, 
significant losses can occur If fibers are mismatched and 55 

signals are traveling from a large core into a smaller 

[0013) Fig. 2A Illustrates the result of this step on a 
workpiece comprising bulk disk 100 of core glass. The 
disk is patterned by wet-etching at selected portions so 

core. 
(0007] With the Increasing demand for efficient, large-

2 

that it comprises a base portion 101 and a plurality of 
protruding portion, 102a. 102b, ... , 102d. This can be 
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achieved by etching various channels In the disk. The 
protruding portions have a thickness and width corre
sponding substantially in dir:nension to the waveguide 
strips sought to be fabricated. The disk advantageously 
comprises aluminosilicate glass, but other glasses, 
such as soda-linie glass may be used. If it Is desired that 
the waveguide structure should be a waveguide ampli
fier, the waveguide strip materia.1 should be doped with 
a small percentage of rare earth dopants by techniques 
well known In the art. The preferred rare earth dopant Is 
erbium. 
(0014] Etchants for wet etching the channels may be 
selected from HF etchant (- 1 % HF), J<..iFe(CN)6, J<aFe 
(CN)6, N82S20 3, and KOH In H20. Alternatively, other 
patterning techniques such as dry etching or microscale 
imprinting can be used to produce the protruding por
tions. 
[0015) Ultimately, the protruding portions or 102a, 
102b, ... , 102d, etc., will form the waveguide strips of the 
planar waveguide. Thus, the etching of the channels will 
be controlled to produce protruding portions having the 
desired dimensions. Protruding portions having a height 
(thickness) and/or width dimension of greater than 5µm 
may be formed. Preferably the channels are etched 
such that the protruding portions have a height h in the 
range of 10-20 µm and a width win the range of 50-100 
µm. 
[0016) A third step shown in Block C of Fig. 1 is to 
deposit a cladding layer on the surface of the protruding 
portlon(s). The cladding layer can be silica deposited by 
conventional techniques well known in the art. It is pref· 
erably deposited by the BPTEOS process. 
(0017) Referring to FIG. 28, a cladding layer 115 is 
shown deposited over the etched bulk glass, filling the 
channels. The material for this cladding layer will be se
lected depending on the waveguide strip material. The 
cladding material should have a lower index of refraction 
than the strip material. Siiica cladding material can be 
used with aluminosilicate strip material. A plastic clad
ding may be used with a soda-lime strip material. 
[0018) The patterned workpiece with the cladding lay
er thereon is then attached to a substrate for the planar 
waveguide (FIG. 1, block D). The cladding layer is at· 
tached to the waveguide substrate. 
[0019) Fig. 2C shows the workpiece 100 inverted and 
the cladding layer is attached to the waveguide sub· 
strate 120. The substrate can be any of a wide variety 
of materials including glasses, ceramics and semicon
ductors. Preferably it is silicon. A dielectric or insulating 
layer 110. such as a layer of silica (5102), may be dis
posed on the surface of between the substrate 120. The 
workpiece cladding can be attached to the substrate, by 
molecular bonding, such as with aluminosilicate or sili
con, or by other appropriate bonding agents such as ce
ramic bakeable pastes. Ar. this stage, the core (protrud
ing portions 102a, 102b, ... ,102d) may be isolated with 
cladding on three sides and bound to the disk 100 at the 
fourth side. There is much flexibility in selecting the type 

of bonding agent because the core Is protected from 
contacting the adhesive. Interstices 111 a, 111b, ... , 111d, 
between the silica layer 110 and substrate 120 may be 
filled, If desired, with cladding material. 

5 [0020) If the worlq>iece comprises a thin layer of strip 
material on a cladding material support, the waveguide 
IS substantially complete. If the layer of strip material is 
thick or workpiece is a bulk disk of strip material, then 
the next step (Block E of Fig. 1) is to remove the base 

to portion of the workpiece selectively leaving the protrud
ing portions. 
[0021] Referring to FIG. 20, the base of the bulk glass 
disk 101 may be etched away, leaving the protruding 
portions 102a, 102b ... partially surrounded by cladding 

t5 layer 115 to comprise planar waveguide strips. 
[0022) As a further optional final step, a top cladding 
layer 117 may be deposited over the exposed protruding 
portions 102a, 102b (FIG. 2E). If desired, the resultlpg 
structure may be diced Into smaller pieces. 

20 [0023) The method of the invention may be used to 
fabricate a waveguide structure or waveguide amplifier 
having waveguide core strips with relatively large di
mensions. For example, a waveguide or waveguide am
plifier may be made having cross-sectional dimensions 

25 of tens of microns, i.e., the heightofthewaveguidestrips 
may be greater than 5 µm and more preferably in the 
range of about 1 o µm • 20 µm or greater. The width of 
the strips also may be greater than 5 µm and more pref
erably in the range of about 30 µm - 50 µm or greater. 

ao Thus, the method allows for the making of planar 
waveguide structures having ·1arger dimensions than 
possible with conventional methods. Such a structure is 
advantageous as it helps to reduce the verticar' dimen
sion mismatch between planar waveguides and optical 

35 fibers and thereby to reduce the losses that 0ccur when 
such components are coupled together. The method is 
also advantageous as it can use wet etching which is 
faster than the dry etching and deposition techniques 
conventionally used for producing planar waveguides. 

40 [0024) FIG. 3 shows a communications system com
prising a transmitter 100, an amplifier 60 fabricated by 
the inventive method, and a detector 200. The amplifier 
60 has larger dimensions than planar waveguides made 
using conventional processing. These dimensions ena-

45 ble more efficient coupling with optical fibers 11 Oa, 11 Ob. 
Couplers 55, 75 are used to connect the planar 
waveguide 60 to Input 11 Oa and output 11 Ob fibers. Ad
vantageously, these couplers have the configuration de
scribed in applicant's co-pending US patent application 

110 Serial No 09/663,014, entitled "Article Comprising a 
Multlmode Optical Fiber Coupler". 
[0025) More particularly, the couplers 55, 75 each 

· comprise a plurality of fibers with claddings that are ta
pered from zero thickness at the first ends of the fibers 

ss to a nnal thickness at the seco.nd ends (or "cladded 
ends") of the fibers. At the first ends of the fibers (also 
referred to herein as the "core exposed ends"), the core 
Is exposed I.e. there Is no surrounding cladding. The ta-

3 
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pered fibers are arranged so that their core-exposed 
ends are bundled together. The bundle is preferably 
formed into a single rod such as by fusion to define bun
dles 51, 71, respectively, of couplers 55, 75. The bun
dled, fused ends are coupled to the cores of the optical 
fibers 110a, 110b, carrying the transmitted signal. 
(0026) At the Input end, a tree space combiner 54 Is 
used to combine signals from a pump Input fiber 50 and 
si~nal input fiber 52 which are directed into the first fiber 
coupler 55, having bundle 51 at the Input end. The plu
rality of fibers comprising the bundle 51 have claddings 
that are tapered outward, so that the fibers in the bundle 
are splayed Into Individual fibers 57a, 57b, ... ,57d, ar:id 
coupled to an array of large dimension waveguide strips 
61 a, 61b, 61c, 61d of the planarwaveguide amplifier SO. 
The second coupler 75 is connected at the output of the 
planar waveguide 60 with light from each of the 
waveguide films being directed Into lndlvlduel splayed 
fibers 77a, 77b, .... 77d, that ere tapered down into fiber 
bundle 71 . Light from bundle 71 could be directed into 
output fiber 72 toward receiver 200, enclfor e splitter 74 
may be disposed In the output path. The receiver bundle 
71 can be optimized independent of the Input con· 
straints. According to another aspect of the Invention, 
the receiver bundle 71 Is continued as a "fiber bundle 
transmission line• (not shown) to a remote location anclf 
or to the detector. This approach may be advantageous 
in that smaller cores will produce less dispersion than 
larger cores, as they support fewer modes. 
(0027) The cores of the optical fibers 11 oa, 11 Ob, may 
be relatively large, e.g., greater than 50 µm, and multi
mode collection fibers may be used and coupled to the 
planar waveguide amplifier. Yet, there is little or no loss 
with this configuration. The number of fibers used in the 
bundles, the dimensions of the fiber cores and planar 
waveguides, the degree of taper, the composition of the 
components, and other design considerations may be 
adjusted depending on the application as one skilled in 
the field would appreciate. In matching the coupler with 

5 

sion in the Individual waveguides, which is small, given 
the dimensions of the waveguides. Additionally, with the 
invention an increase In the Input image size does not 
Impact upon (e.g., cause or Increase) a modal noise 
penalty. By providing low-dispersion optical amplifica
tion, the invention increases the flexibility of the system 
with regard to use of photodetectors. Using convention
al systems, avalanche diodes are too slow for 10 GbiV 
sec detection (per channel), and while PIN diodes are 

10 fast enough, they are not sUfflciently sensitive. Low-dis
persion optical amplification addresses these problems 
with conventional systems by enabling use of avalanche 
diodes as photodetectors. 
(0029) With this invention, the amplification of lndivld-

1s ual waveguides 61 a ... 61 d may be manipulated to com
pensate for or create possible patterns In the image. Al
so, the planar waveguides may be structured to reduce 
dispersion. It Is beneflclal to utilize a narrower core In 
the planar waveguides (I.e., In the height dimension par-

20 allel to the substrate surface and transverse to the prop
agation direction), to support fewer modes and hence, 
cause less dispersion. The waveguide amplifier struc
ture 60 may be pumped in a cladding-pumping mode 
from the side by one or more extended cavity laser 

25 pumps schematically illustrated at boxed region 80 
(FIG. 3). This edge-pumping scheme may be helpful in 
increasing pumping efficiency -- the pumping efficiency 
of planar waveguides is typically lower than that of op
tical fibers. The cladding of the planar waveguide may 

30 be so shaped and dimensioned as to confine the edge
pumped radiation, e.g., it may be a ring-shaped or ser
pentine cladding arrangement. 
[0030) It is understood that the embodiments de
scribed herein are merely exemplary and that a person 

35 skille.d In the art may make variations and modifications 
without departing from the scope of the invention. · 

Claims 
the planar waveguides anclfor multimode fiber, a match· 40 

Ing consideration Is that the cross-sectional area of the 
core, times the square of the numerical aperture, opti
mally should be the same on both sides of a juncture. 

1. A method for making a planar waveguide compris
ing a waveguide strip on a waveguide substrate, the 
method comprising the steps of: 

In other If "A" denotes the cross-sectional core area for 
signal input or output and NA is the numerical aperture, 45 

then Ax (NA)2 should be substantially constantthrough· 
out.the system. 
(0028) The invention is advantageous In that planar 
waveguides may be more efficiently fabricated and also, 
they may made with larger dimensions to reduce the 50 

vertical dimension mismatches and allow for coupling of 
planar waveguides with multlmode collection fibers and 
other large core fibers. Planar WIJl~eguide amplifiers 
may be more highly doped than optical fiber amplifiers. 
Addltlonally, In multlmode applications, dispersion Is an ss 
important factor as an Increase in modes results in 
greater dispersion. With this invention, there is no modal 
noise penalty In the amplifier, beyond the modal disper-

4 

providing a workpiece comprising a layer of ma· 
terial suitable for use as the planar waveguide 
strip; 
patterning the layer so that the workpiece com
prises a base portion and at least one protrud· 
Ing portion, wherein the protruding portion cor
responds substantially in dimension to the 
waveguide strip to be fabricated; 
forming a cladding layer on the workpiece over
lying the protruding portion; and 
attaching the cladding layer to the substrate. 

2. The method of claim 1 further comprising the step 
of removing the base portion of the workpiece after 
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attaching the cladding layer to the substrate. protruding portion. 

14. An optical communications system including a pla
nar waveguide fabricated according to any precect-

· 3. The method of claim 1 or claim 2 wtierein the sub· 
st rate comprises a dieleCtrlc layer and the cladding 
layer is attached to the diel~ric layer. 5 Ing claim. 

4. The method of claim 1, 2 or 3 wherein the layer of 
waveguide strip material comprises aluminosili
cate. 

· S. The method of claim 3 wherein the dielectric layer 
comprises silica. · 

6. The method of any preceding claim wherein the pat· 
terning step comprises wet etching. 

7. The method of any preceding claim wherein the pat-
terning step comprises etching portions of the layer 
to define at least orie protruding portion having a 
height dimension greater than 5µm. 

8. The method of claim 7 wherein the patterning step 
comprises etching portions of the waveguide strip 
layer to define at least one protruding portion having 
both height and width dimensions of greater than 
5µm. 

9. The method of claim 8 wherein the patterning com-
prises etching portions of the waveguide strip layer 
to define at least one protruding portion having both 
height and width dimensions greater than 1 Oµm. 

10. The method of any one of claims 2 to 9, further com" 
prising a step of depositing a second cladding layer 
over the protruding portion. 

11. A method for making a planar waveguide structure 
comprising the steps of: 

10 

15 

20 

25 

30 

35 

providing a bulk disk of a material suitable for 40 

use as the waveguide strip; 
etching selected portions of the disk so that the 
disk comprises a base portion and at least one 
protruding portion, wherein the protruding por-
tion corresponds substantially in dimension to 45 

the waveguide strip: 

forming a first cladding layer on the top sur
face of the protruding p"ortion; 
attaching the first cladding layer to a sub- !IO 

strate; and 
removing the base portion of the bulk disk. 

12. The method of claim 11 wherein the bulk disk com-
prises glass doped with a rare earth dopant. ss 

13. The method of claim 11 or' 12, further c0mprising a 
step of depositing a second cladding layer over the 

5 
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@ Method of and apparatus for forming single-crystalline thin film. 

® In order to form a single-crystalline thin film on a polycrystalline substrate using plasma CVD, a downwardly 
directed mainly neutral Ne atom current is formed by an ECR ion generator (2). A reaction gas such as silane 
gas which is supplied from a reaction gas inlet pipe (13) is sprayed onto an Si<h substrate (11) by an action of 
the Ne atom current, so that an amorphous Si thin film is grown on the substrate (11) by a plasma CVD reaction. 
At the same time, a part of the Ne atom current having high directivity is directly incident upon the substrate 
(11 ), while another part thereof is incident upon the substrate (11) after its course is bent by a reflector (12). The 
reflector (12) is so set that all directions of the parts of the Ne atom current which are incident upon the 
substrate (11) are perpendicular to densest planes of single-crystalline Si. Therefore, the as-grown amorphous Si 
is sequentially converted to a single-crystalline Si thin film having crystal axes which are so regulated that the 
densest planes are oriented perpendicularly to the respective directions of incidence, by an action of the law of 
Bravais. Thus, a single-crystalline thin film is formed on a polycrystalline substrate. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a method of and an apparatus for forming a single-crystalline thin film 
on a substrate, i.e., an arbitrary medium, and it relates to a method of and an apparatus for forming a 
single-crystalline thin film, which implement selective and efficient formation of a single-crystalline thin film, 
and it also relates to a beam irradiator, a beam irradiating method, and a beam reflecting device for 
enabling efficient formation of a single-crystalline thin film or an axially oriented polycrystalline thin film on a 

10 substrate. 

Background of the Invention 

Plasma chemical vapor deposition (plasma CVD) is a sort of chemical vapor deposition process (CVD), 
15 which is adapted to bring a reaction gas into a plasma state for forming active radicals and ions and to 

cause a chemical reaction under active environment, thereby forming a thin film of a prescribed material on 
a substrate under a relatively low temperature. The plasma CVD, which can form various types of films 
under low temperatures, has such advantages that it is possible to form an amorphous film while preventing 
crystallization, to employ a non-heat-resistant substrate such as a plastic substrate, and to prevent the as-

20 formed film from a reaction with the substrate. Therefore, the application range of the plasma CVD is 
increasingly widened particularly in relation to semiconductor industry. 

It is possible to epitaxially form a single-crystalline thin film of a prescribed material on a single· 
crystalline substrate by carrying out the plasma CVD under a temperature facilitating crystallization. 

Generally, in order to form a single-crystalline thin film of a prescribed material on a single-crystalline 
25 substrate of the same material having the same crystal orientation, it is possible to employ an epitaxial 

growth process. In the epitaxial growth process, however, it is impossible to form a single-crystalline thin 
film on a polycrystalline substrate or an amorphous substrate. Therefore, in order to form a single
crystalline thin film on a substrate having a different crystal structure such as an amorphous substrate or a 
polycrystalline substrate, or a substrate of a different material, an amorphous thin film or a polycrystalline 

30 thin film is temporarily formed on the substrate so that the same is thereafter converted to a single
crystalline thin film. 

In general, a polycrystalline or amorphous semiconductor thin film is single-crystallized by fusion 
recrystallization or !ateral solid phase epitaxy. 

However, such a process has the following problems: In the fusion recrystallization, the substrate is 
35 extremely thermally distorted when the thin film is prepared from a material having a high melting point, to 

damage physical and electrical properties of the thin film as employed. Further, an electron beam or a laser 
beam is employed for fusing the thin film. Therefore, it is necessary to scan spots of the electron beam or 
the laser beam along the overall surface of the substrate, and hence a long time and a high cost are 
required for recrystallization. 

40 On the other hand, the lateral solid phase epitaxy is easily influenced by a method of crystallizing the 
material forming the substrate, while the growth rate is disadvantageously slow in this process. In order to 
grow a single-crystalline thin film over a distance of about 10 um, for example, this process requires at 
least 10 hours. Further, it is difficult to obtain a large crystal grain since a lattice defect is caused to stop 
growth of the single crystal upon progress of the growth to some extent. 

45 In each process, further, it is necessary to bring a seed crystal into contact with the polycrystalline or 
amorphous thin film. In addition, the single crystal is grown in a direction along the major surface of the thin 
film, i.e., in a lateral direction, whereby the distance of growth to the crystal is so increased that various 
hindrances take place during the growth of the single crystal. When the substrate is made of an amorphous 
material such as glass, for example, the substrate has no regularity in lattice position and this irregularity 

50 influences on growth of the single crystal to disadvantageously result in growth of a polycrystalline film 
having large crystal grain sizes. In addition, it is difficult to selectively form a single-crystalline thin film 
having a prescribed crystal orientation on an arbitrary region of the substrate, due to the lateral growth. 

In order to solve the aforementioned problems of the prior art, there has been made an attempt for 
reducing the growth distance by utilizing vertical growth of the thin film, thereby reducing the growth time. 

55 In other words, there has been tried a method of bringing a seed crystal into contact with the overall surface 
of a polycrystalline or amorphous thin film for making solid phase epitaxial growth in a direction 
perpendicular to the major surface of the thin film, i.e., in the vertical direction. As the result. however, the 
seed crystal was merely partially in contact with the amorphous thin film or the like and it was impossible to 

3 
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form a single-crystalline thin film by the as-expected vertical solid phase epitaxial growth, since only lateral 
epitaxial growth was caused from the contact portion. According to this method, further, the seed crystal 
adhered to the as-grown single-crystalline film and it was extremely difficult to separate the former from the 
latter, such that the as-grown thin film was disadvantageously separated from the substrate following the 

s seed crystal. Further, it is impossible in practice to selectively form a single-crystalline thin film having a 
prescribed crystal orientation on an arbitrary region of the substrate, since it is necessary to accurately 
arrange a seed crystal of a prescribed shape on a prescribed position. 

When the substrate itself has a single-crystalline structure, it is impossible to form a single-crystalline 
thin film having a crystal orientation which is different from that of the substrate on the substrate by any 

10 conventional means. This also applies to a polycrystalline thin film having single crystal axes which are 
regulated along the same direction between crystal grains, i.e., an axially oriented polycrystalline thin film. 
In other words, it is difficult to form an axially oriented polycrystalline thin film which is oriented in a. desired 
direction on an arbitrary substrate by the prior art. 

15 SUMMARY OF THE INVENTION 

The inventor has found that, when a physical seed crystal is employed in vertical growth of solid phase 
epitaxy. it is difficult to separate a single-crystalline thin film as grown from the seed crystal due to 
adhesion therebetween, and that this problem can be solved when a virtual seed crystal of a large arei:i is 

20 employed in place of the physical seed crystal to obtain a virtual seed crystal for attaining the same effect 
as a seed crystal adhering to the overall surface of a single crystal in an excellent state with no physical 
adhesion on the surface of the single crystal in termination of the crystal growth. The present invention is 
based on this basic idea. 

According to the present invention. a method of forming a single-crystalline thin film is adapted to form 
25 a single-crystalline thin film of a prescribed material on a substrate by previously forming an amorphous 

thin film or a polycrystalline thin film of the prescribed material on the substrate and irradiating the 
amorphous thin film or the polycrystalline thin film with beams of neutral atoms or neutral molecules of low 
energy levels causing no sputtering of the prescribed material under a high temperature of not more than a 
crystallization temperature of tile prescribed material from directions which. are perpendicular to a plurality 

30 of densest crystal planes, having different directions; in the single-crystalline thin film to be formed. 
The thin film is at a high temperature below a crystallization temperature, whereby the single crystal 

which is formed in the vicinity of the surface serves as a seed crystal, so that a single crystal is grown 
toward a deep portion by vertical solid phase epitaxial growth to single-crystallize the overall region of the 
thin film along its thickness. When the thin film is at a temperature exceeding the crystallization 

35 temperature, the as-formed single crystal is converted to a polycrystalline structure which is in a thermal 
equilibrium state. On the other hand, no crystallization toward a deep portion progresses at a temperature 
which is extremely lower than the crystallization· temperature. Therefore, the temperature of the thin film is 
adjusted to be at a high level below the crystallization temperature, such as a level immediately under the 
crystallization temperature. 

40 The seed crystal, which is formed by conversion from the amorphous thin film or the polycrystalline thin 
film, is integral with an amorphous thin film or the polycrystalline layer remaining in the deep portion. 
Namely, this layer is completely in contact with the seed crystal. Therefore, vertical solid phase epitaxial 

·growth progresses in an excellent state. Further, the seed crystal and the single crystal formed by solid 
epitaxial growth are made of the same material having the same crystal orientation, whereby it is not 

45 necessary to remove the seed crystal after formation of the single-crystalline thin film. Further, the single-
crystalline thin film, which is formed by vertical solid phase epitaxial growth, can be efficiently obtained in a 
desired state in a short time. 

In the method according to the present invention. it is possible to form a single-crystalline thin film on a 
substrate including a polycrystalline substrate or an amorphous substrate, while it is not necessary to 

50 increase the temperature of the substrate to an extremely high level. Therefore, it is possible to easily 
obtain a single-crystalline thin film such as a wide-use semiconductor thin film which is applied to a thin film 
transistor of liquid crystal display or a single-crystalline thin film which is applied to a three-dimensional LSI. 
While a well-known metal evaporation film is inferior in quality due to a number of vacancies such that a 
migration phenomenon takes place to easily cause disconnection when the same is applied to interconnec-

ss tion of an electronic circuit, it is possible to prevent such a problem according to the present invention. 
Preferably, the atomic weights of atoms forming the beams are lower than the maximum one of the 

atomic weights of elements forming the prescribed material. · 
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The atomic weights of atoms forming the beams which are applied to the thin film or atoms forming 
molecules are lower than the maximum one of the atomic weights of elements forming the thin film, 
whereby most parts of the atoms forming the as-applied beams are rearwardly scattered on the surface of 
the thin film or in the vicinity thereof, to hardly remain in the thin film. Thus, electronic/physical properties of 

5 the thin film are hardly changed by residual of such atoms in the single-crystalline thin film. 
Preferably, the beams are obtained by a single electron cyclotron resonance type ion generation source 

and a reflector which is arranged in a path between the ion generation source and the amorphous thin film 
or the polycrystalline thin film. 

The beams which are applied to the thin film are obtained by a single beam source and a reflector 
10 which is arranged in a path, whereby it is possible to irradiated the substrate with the beams from a plurality 

of prescribed directions which are different from each other with no requirement for a plurality of beam 
sources. Namely, only a single beam source having a complicated structure is sufficient in the method 
according to the present invention, whereby a single-crystalline thin film can be formed with a simple 
apparatus structure. Since only one beam source is sufficient, it is possible to form the thin film under a 

15 high vacuum. Further, the beam source is formed by an electron cyclotron resonance type ion generation 
source, whereby the ion beams have high directivity and it is possible to obtain strong neutral beams 
having excellent directivity at positions beyond prescribed distances from the ion source with no means for 
neutralizing ions. 

In the method according to the present invention, an amorphous thin film or a polycrystalline thin film 
20 which is previously formed on a substrate surface is irradiated with beams of atoms or molecules from a 

plurality of directions. The beams are at energy levels causing no sputtering on the material as irradiated, 
whereby the law of Bravais acts such that a layer close to the surface of the amorphous thin film or the 
polycrystalline thin film is converted to a crystal having such a crystal orientation that planes perpendicular 
to the directions irradiated with the beams define densest crystal planes. The plurality of beams are applied 

25 from directions perpendicular to a plurality of densest crystal planes having different directions, whereby the 
orientation of the as-formed crystal is set in a single one. In other words, a single-crystalline thin film having 
a regulated crystal orientation is formed in the vicinity of a surface of the amorphous thin film or the 
polycrystalline thin film. 

The inventor has also found that a single-crystalline thin film can be obtained by growing a thin film and 
30 converting the same to a single-crystalline simultaneously instead of previously forming a thin film. This 

invention is also based on this idea. 
According to the present invention, a method of forming a single-crystalline thin film forms a single

crystalline thin film of a prescribed material on a polycrystalline substrate or an amorphous substrate using 
plasma chemical vapor deposition by supplying a reaction gas onto the substrate under a low temperature 

35 allowing no crystallization of the prescribed material with the plasma chemical vapor deposition alone while 
simultaneously irradiating the substrate with beams of a low energy gas causing no sputtering of the 
prescribed material from directions which are perpendicular to a plurality of densest crystal planes having 
different directions in the single-crystalline thin film to be formed. 

In the method according to the present invention, a thin film of a prescribed material is formed on a 
40 substrate by plasma chemical vapor deposition, while the substrate is irradiated with beams of a gas from a 

plurality of directions. The gas beams are at energy levels causing no sputtering on the material as 
irradiated, whereby the law of Bravais acts such that the thin film of the prescribed material as being formed 
is sequentially converted to a crystal in such a crystal orientation that planes perpendicular to directions of 
the beams define densest crystal planes. The substrate is irradiated with a plurality of gas beams from 

45 directions perpendicular to a plurality of densest crystal planes having different directions, whereby the as
formed crystal has only one orientation. In other words, a single-crystalline thin film having a regulated 
crystal orientation is formed. 

Under a temperature facilitating crystallization of a prescribed material by plasma chemical vapor 
deposition alone with no beam irradiation, crystal orientations are arbitrarily directed regardless of directions 

50 of beam irradiation and cannot be regulated, while a polycrystalline film is formed. Therefore, temperature 
control is performed to a low level for facilitating no crystallization with plasma chemical vapor deposition 
alone. 

In the method according to the present invention, further, conversion to a single crystal simultaneously 
sequentially progresses in the process of growth of the thin film by plasma chemical vapor deposition. 

55 Thus, it is possible to form a single-crystalline thin film having a large thickness under a low temperature. 
Preferably, the gas is an inert gas. 
The substrate is irradiated with an inert gas, whereby atoms or ions which may remain in the as-formed 

thin film after irradiation exert no bad influence on electronic/physical properties of the single-crystalline thin 
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film as impurities. 
Preferably, the atomic weight of an element forming the inert gas is lower than the maximum one of the 

atomic weights of elements forming the prescribed material. 
The atomic weight of an element forming the inert gas is lower than the maximum atomic weight of 

5 elements forming the prescribed material which is grown as a thin film, whereby most parts of atoms or 
ions of the as-applied inert gas rearwardly recoil on the surface of the thin film or in the vicinity thereof, to 
hardly remain in the thin film. 

Preferably, the prescribed material contains an element forming a gas material which is in a gas state 
under ordinary temperatures, and the beams of the gas are those of the gas material. 

10 The gas as applied contains elements forming the material which is grown as the thin film. Even if 
atoms or ions of the elements remain after irradiation, therefore, the same exert no bad influence on the as
formed single-crystalline thin film as impurities. Further, it is also possible to supply the element to the thin 
film only by application of the gas beams without introducing the same into the reaction gas. 

Preferably, the reaction gas contains a reaction gas material which is formed by an impurity element to 
15 be added to the prescribed material. 

The reaction gas contains an impurity eleme.nt to be added to the material which is grown as the thin 
film, whereby it is possible to form a p-type or n-type semiconductor single-crystalline thin film in formation 
of a semiconductor single-crystalline thin film, for example. In other words, it is possible to form a single-
crystalline thin film containing a desired impurity. . 

20 Preferably, a plurality of types of impurity elements are so employed that a plurality of types of reaction 
gas materials which are formed by respective ones of the plurality of types of impurity elements are 
alternately supplied onto the substrate. 

A plurality of types of reaction gas materials formed by respective ones of a plurality of types of 
impurity elements are alternately supplied onto the substrate, whereby it is possible to form a single-

25 crystalline thin film having a plurality of types of single-crystalline layers containing the respective ones of 
the plurality of types of impurities such that an n-type semiconductor single-crystalline layer is formed on a 
p-type semiconductor single-crystalline layer in formation of a semiconductor single-crystalline thin film, for 
example. 

Preferably, ·the beams of the gas are obtained by a single beam source and a reflector which is 
30 arranged in a path between the beam source and the substrate. 

The beams of the gas which are applied to the substrate are obtained by a single beam source and a 
reflector which is arranged on a path, whereby it is possible to irradiate the substrate with the gas beams 
from directions which are perpendicular to a plurality of densest crystal planes having different directions 
with no requirement for a plurality of beam sources. In other words, only a single beam source having a 

35 complicated structure may be so prepared that it is possible to form the single-crystalline thin film with a 
simple structure in the method according to the present invention. Since a single beam source may be 
sufficient. further, it is possible to form the thin film under a high vacuum. 

Preferably. the beam source is an ion generation source generating an ion beam of the gas, and the 
reflector is a metal reflector which is substantially made of a metal. 

40 The beam source has an ion generation source which generates an ion beam of the gas, and the 
reflector is prepared from a metal reflector which is substantially made of a metal. Therefore, the ion beam 
of the gas generated from the ion source is converted to a neutral beam when the same is reflected by the 
metal reflector. Therefore, the substrate is irradiated with parallel beams which are regulated in direction. 
Further, it is possible to prepare the substrate from an electrical insulating substrate. 

45 Preferably, the beam source is an electron cyclotron resonance type ion generation source. 
The beam source is formed by an electron cyclotron resonance type ion generation source. Therefore, 

the ion beam has high directivity, while it is possible to obtain a strong neutral beam in a portion which is 
separated beyond a prescribed distance from the ion source with no employment of means for neutralizing 
ions. It is possible to irradiate the substrate with parallel beams from a plurality of prescribed directions by 

50 reflecting the neutral beam by the reflector and applying the same to the substrate. Further, it is also 
possible to prepare the substrate from an electrical insulating substrate. 

According to the present invention, a method of forming a single-crystalline thin film of a prescribed 
material comprises (a) a step of forming an amorphous or polycrystalline thin film of the prescribed material 
on a substrate, (b) a step of forming a masking material on the thin film, (c) a step of selectively removing 

55 the masking material, and (d) a step of irradiating the substrate with gas beams of low energy levels 
causing no sputtering of the prescribed material from directions which are perpendicular to a plurality of 
densest crystal planes having different directions in the single-crystalline thin film to be formed while 
utilizing the selectively removed masking material as a screen under a high temperature below the 

6 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 708 of 1543



EP 0 652 308 A2 

crystallization temperature of the prescribed material. 
Preferably, the steps (b) to (d) are carried out plural times while varying directions for applying the 

beams in the step (d), thereby selectively converting the thin film to a single crystal having a plurality of 
types of crystal orientations. 

5 In the method according to the present invention, the amorphous or polycrystalline thin film which is 
previously formed on the substrate is irradiated with gas beams from a plurality of directions. These beams 
are at energy levels causing no sputtering on the material as irradiated, whereby the law of Bravais acts so 
that a layer which is in the vicinity of the surface of the as-irradiated thin film is converted to a crystal 
having such a crystal orientation that planes perpendicular to the directions of the beams define densest 

10 crystal planes. The plurality of gas beams are applied from directions which are perpendicular to a plurality 
of densest crystal planes having different directions, whereby the as-formed crystal is set in a single 
orientation. Namely, a single-crystalline layer having a regulated crystal orientation is formed in the vicinity 
of the surface of the polycrystalline thin film. Further, a masking material is formed on the thin film to be 
irradiated in advance of irradiation, and this masking material is selectively removed. Thus, irradiation 

15 progresses with limitation on a specific region of the substrate corresponding to the selectively removed 
portion of the masking material, whereby the single-crystalline layer is formed only in the vicinity of the 
surface portion of the thin film corresponding to the specific region. 

Further, the thin film is at a high temperature below the crystallization temperature and hence the single 
crystal which is formed in the vicinity of its surface serves as a seed crystal to be grown toward a deep 

20 portion by vertical solid phase epitaxial growth, whereby the overall region of the as-irradiated thin film is 
single-crystallized along the thickness. If the thin film is at a temperature exceeding the crystallization 
temperature, the as-formed single crystal is converted to a polycrystalline structure which is in a thermal 
equilibrium state. On the other hand, no crystallization toward a deep portion progresses at a temperature 
which is extremely lower than the crystallization temperature. Therefore, the temperature of the thin film is 

25 adjusted to be at a high level below the crystallization temperature, such as a level immediately under the 
crystallization temperature, for example. 

According to the inventive method, as hereinabove described, it is possible to selectively form a single· 
crystalline thin film having a regulated crystal orientation on an arbitrary specific region of a substrate. 

In the method according to the present invention, the steps from formation of the masking material to 
30 irradiation with the gas beams are repeated while varying directions of irradiation. Therefore, it is possible to 

selectively form single-crystalline thin films having different crystal orientations on a plurality of arbitrary 
specific regions of the substrate. · 

According to the present invention, a method of forming a single-crystalline thin film of a prescribed 
material comprises (a) a step of forming an amorphous or polycrystalline thin film of the prescribed material 

35 on a substrate, (b) a step of forming a masking material on the thin film, (c) a step of selectively removing 
the masking material, (d) a step of etching the thin film while utilizing the selectively removed masking 
material as a screen, thereby selectively removing the thin film while leaving a specific region on the 
substrate, and (e) a step of irradiating the substrate with gas beams of low energy levels causing no 
sputtering of the prescribed material from directions which are perpendicular to a plurality of densest crystal 

40 planes having different directions in the single-crystalline thin film to be formed under a high temperature 
below the crystallization temperature of the prescribed material. 

In . the method according to the present invention, the amorphous or polycrystalline thin film is 
selectively removed while leaving a specific region on the substrate and thereafter the thin film is irradiated 
with gas beams under a prescribed temperature to facilitate action of the law of Bravais and vertical solid 

45 phase epitaxial growth, thereby converting the thin film to a single-crystalline thin film. Thus, it is possible to 
selectively form a single-crystalline thin film having a regulated crystal orientation on an arbitrary specific 
region of the substrate. 

According to the present invention, a method of forming a single-crystalline thin film of a prescribed 
material comprises (a) a step of forming an amorphous or polycrystalline thin film of the prescribed material 

50 on a substrate, (b) a step of irradiating the substrate with gas beams of low energy levels causing no 
sputtering of the prescribed material from directions which are perpendicular to a plurality of densest crystal 
planes having different directions in the single-crystalline thin film to be formed under a high temperature 
below the crystallization temperature of the prescribed material, (c) a step of forming a masking material on 
the thin film after the step (b), (d) a step of selectively removing the masking material, and (e) a step of 

55 etching the thin film while utilizing the selectively removed masking material as a screen, thereby 
selectively removing the thin film. 

In the method according to the present invention, the amorphous or polycrystalline thin film formed on 
the substrate is irradiated with gas beams under a prescribed temperature to facilitate action of the law of 
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Bravais and vertical solid phase epitaxial growth, thereby converting the thin film to a single-crystalline thin 
film. Thereafter the single-crystalline thin film is selectively removed while leaving a specific region on the 
substrate. Therefore, it is possible to selectively form a single-crystalline thin film having a regulated crystal 
orientation on an arbitrary specific region on the substrate. 

5 According to the present invention, a method of forming a single-crystalline thin film of a prescribed 
material comprises (a) a step of forming an amorphous or polycrystalline thin film of the prescribed material 
on a substrate, (b) a step of irradiating the substrate with gas beams of low energy levels causing no 
sputtering of the prescribed material from directions which are perpendicular to a plurality of densest crystal 
planes having different directions in the single-crystalline thin film to be formed under a low temperature 

10 causing no crystallization of the prescribed material by the step (a) alone while carrying out the step (a), (c) 
a step of forming a masking material on the thin film after the steps (a) and (b), (d) a step of selectively 
removing the masking material, and (e) a step of etching the thin film while utilizing the selectively removed 
masking material as a screen, thereby selectively removing the thin film. 

In the method according to the present invention, an amorphous or polycrystalline thin film is formed on 
15 the substrate with application of gas beams under a prescribed temperature for facilitating action of the law 

of Bravais, thereby converting the thin film as l:>eing formed sequentially to a single-crystalline thin film. 
Thereafter the single-crystalline thin film is selectively removed while leaving a specific region on the 
substrate. Thus, it is possible to selectively form a single-crystalline thin film having a regulated crystal 
orientation on an arbitrary specific region of the substrate. 

20 According to the present invention, a method of forming a single-crystalline thin film of a prescribed 
material comprises (a) a step of forming an amorphous or polycrystalline thin film of the prescribed material 
on a substrate, (b) a step of irradiating the substrate with gas beams of low energy levels causing no 
sputtering of the prescribed material from directions which are perpendicular to a plurality of densest crystal 
planes having different directions in the single-crystalline thin film to be formed under a high temperature 

25 below the crystallization temperature of the prescribed material, (c) a step of forming a masking material on 
the thin film after the step (b), (d) a step of selectively removing the masking material, and (e) a step of 
irradiating the substrate with the gas beams of low energy levels causing no sputtering of the prescribed 
material from directions which are perpendicular to the plurality of densest crystal planes having different 
directions in the single-crystalline thin film to be formed and different from those in the step (b), while 

30 utilizing the selectively removed masking material as a screen. 
In the method according to the present invention, the amorphous or polycrystalline thin film formed on 

the substrate is irradiated with gas beams under a prescribed temperature to facilitate action of the law of 
Bravais and vertical solid phase epitaxial growth, thereby converting the thin film to a single-crystalline thin 
film. Thereafter a masking material is selectively formed on this single-crystalline thin film, which in turn is 

35 again irradiated with gas beams from new directions. At this time, the masking material serves as a screen 
for the gas beams, whereby the single-crystalline thin film is converted to a second single-crystalline thin 
film having a new crystal orientation on a region where the masking material is selectively removed. 
Namely, it is possible to selectively form single-crystalline thin films having different crystal orientations on 
a plurality of arbitrary specific regions of the substrate. 

40 · The atomic weight of an element forming the gas is preferably lower than the maximum one of the 
atomic weights of elements forming the prescribed material. 

The atomic weight of the element forming the gas beams which are applied onto the substrate is lower 
than the maximum one of the atomic weights of the elements forming the thin film as irradiated, whereby 
most parts of the atoms forming the applied gas are rearwardly scattered on the surface of the thin film as 

45 irradiated or in the vicinity thereof, to hardly remain in the thin film. Thus, it is possible to obtain a single
crystalline thin film having a small amount of impurities. 

The atomic weight of an element forming the gas is preferably lower than the maximum one of the 
atomic weights of elements forming the masking material. 

The atomic weight of the element forming the gas beams which are applied onto the substrate is lower 
50 than the maximum one of the atomic weights of the elements forming the masking material, whereby most 

parts of the atoms forming the gas as applied are rearwardly scattered on the surface of the masking 
material or in the vicinity thereof, to hardly penetrate into the masking material and the thin film as 
irradiated. Thus, it is possible to obtain a single-crystalline thin film having a small amount of impurities. 

The present invention is also .directed to an apparatus for forming a single-crystalline thin film. 
55 According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 

material on a substrate comprises irradiation means for irradiating the substrate with gas beams of low 
energy levels causing no sputtering of the prescribed material from directions which are perpendicular to a 
plurality of densest crystal planes having different directions in the single-crystalline thin film to be formed, 
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and substrate moving means for making the substrate scanned with respect to the irradiation means. 
Preferably, the apparatus for forming a single-crystalline thin film further comprises beam focusing 

means for bringing sections of the gas beams into strip shapes on the substrate. 
In the apparatus according to the present invention, the substrate can be scanned by the substrate 

5 moving means, whereby it is possible to form a single-crystalline thin film having high homogeneity on a 
long substrate. 

Further, the apparatus according to the present invention comprises beam focusing means for bringing 
sections of the gas beams into strip shapes on the substrate, whereby it is possible to efficiently form a 
single-crystalline thin film with higher homogeneity by scanning the substrate. 

10 According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 
material on a substrate comprises a single beam source for supplying a beam of a gas, a reflector for 
reflecting at least a part of the beam which is supplied by the beam source, thereby implementing 
irradiation of the substrate with the gas in a plurality of prescribed directions of incidence, and reflector 
driving means for varying the angle of inclination of the reflector. 

15 In the apparatus according to the present invention, the gas beams to be applied to the thin film are 
obtained by a single beam source and a reflector which is arranged in a path, whereby it is possible to 
irradiate the thin film with the gas beams from a plurality of prescribed directions which are different to each 
other with no requirement for a plurality of beam sources. Further, this apparatus comprises reflector driving 
means, whereby it is possible to change and re-set directions of incidence of the beams upon the substrate. 

20 Thus, it is possible to form a plurality of types of single-crystalline thin films having different crystal 
structures or different crystal orientations by a single apparatus. 

According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 
material on a substrate comprises a single beam source for supplying a beam of a gas, a plurality of 
reflectors, each of which reflects at least a· part of the beam supplied by the beam source, thereby 

2s implementing irradiation of the substrate with the gas in a plurality of prescribed directions of incidence 
related to the angle of inclination of the reflector, and reflector exchange means for selecting a prescribed 
one from the plurality of reflectors and utilizing the same for reflecting the beam. 

In the apparatus according to the present invention, the gas beams to be applied to the thin film are 
obtained by a single beam source and a reflector which is arranged in a path, whereby it is possible to 

30 irradiate the thin film with the gas beams from a plurality of prescribed directions which are different from 
each other with no requirement for a plurality of beam sources. Further, this apparatus comprises reflector 
exchange means, whereby it is possible to arbitrarily select directions of incidence of the beams upon the 
substrate from a plurality of reflectors to re-set the same. Thus, it is possible to form a plurality of types of 
single-crystalline thin films having different crystal structures or crystal orientations by a single apparatus. 

35 The apparatus for forming a single-crystalline thin film preferably further comprises film forming means 
for forming an amorphous or polycrystalline thin film of the same material as the single-crystalline thin film 
on the substrate. 

The apparatus of the present invention comprises film forming means such as chemical vapor 
deposition means, for example, whereby it is possible to sequentially convert the thin film as being formed 

40 to a single-crystalline thin film by forming the thin film while irradiating the same with gas beams. Thus, 
there is no need to facilitate vertical epitaxial growth of the thin film, whereby the single-crystalline thin film 
can be formed under a low temperature. 

According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 
material on a substrate comprises etching means for etching a surface of the substrate, film forming means 

45 for forming an amorphous or polycrystalline thin film of the prescribed material on the surface of the 
substrate, and irradiation means for irradiating the substrate with gas beams of low energy levels causing 
no sputtering of the prescribed material from directions which are perpendicular to a plurality of densest 
crystal planes having different directions in the single-crystalline thin film to be formed. Treatment 
chambers provided in the aforementioned means for storing the substrate communicate with each other. 

so The apparatus further comprises substrate carrying means for introducing and discharging the substrate 
into and from the respective treatment chambers. 

The apparatus according to the present invention comprises etching means, film forming means and 
irradiation means having treatment chambers communicating with each other, whereby it is possible to start 
film formation by carrying out etching treatment for removing an oxide film and preventing new progress of 

55 oxidation before forming the thin film on the substrate by employing this apparatus. Further, this apparatus 
comprises substrate carrying means, whereby the substrate can be efficiently carried into the respective 
treatment chambers. 
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According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 
material on a substrate having a single-crystalline structure comprises irradiation means for irradiating the 
substrate with gas beams of low energy levels causing no sputtering of the prescribed material from 
directions which are perpendicular to a plurality of densest crystal planes having different directions in the 

5 single-crystalline thin film to be formed, and attitude control means for controlling the attitude of the 
substrate for setting prescribed relations between directions of crystal axes of the substrate and directions 
of incidence of the beams. 

The apparatus according to the tenth aspect of the present invention comprises attitude control means, 
whereby it is possible to set prescribed relations between the crystal axes of the single-crystalline substrate 

10 and the directions of incidence of the gas beams by employing this apparatus. Thus, it is possible to 
epitaxially form a new single-crystalline thin film on a single-crystalline substrate at a temperature below the 
crystallization temperature. 

According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 
material on a substrate comprises film forming means for forming an amorphous or polycrystalline thin film 

15 of the prescribed material on the substrate by supplying a reaction gas, irradiation means for irradiating the 
substrate with gas beams of low energy levels causing no sputtering of the prescribed material from 
directions which are perpendicular to a plurality of densest crystal planes having different directions in the 
single-crystalline thin film to be formed, and substrate rotating means for rotating the substrate. 

The apparatus according to the present invention comprises substrate rotating means, whereby it. is 
20 possible to facilitate formation of an amorphous or polycrystalline thin film by intermittently applying the 

beams while regularly supplying the reaction gas and rotating the substrate during application pauses. 
Thus, it is possible to form an amorphous or polycrystalline thin film having high homogeneity, whereby 
high homogeneity is also attained in a single-crystalline thin film which is obtained by converting the same. 

According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 
25 material on a substrate comprises film forming means for forming an amorphous or polycrystalline thin film 

of the prescribed material on the substrate by supplying a reaction gas, and irradiation means for irradiating 
the substrate with gas beams of low energy levels causing rio sputtering of the prescribed material from 
directions which are perpendicular to a plurality of densest crystal planes having different directions in the 
single-crystalline thin film to be formed. The film forming means has supply system rotating .means for 

30 rotating an end portion of a supply path for supplying the substrate with the reaction gas with respect to the 
substrate. 

The apparatus according to the present invention comprises supply system rotating means, whereby it 
is possible to obtain a single-crystalline thin film having high homogeneity while regularly supplying the 
reaction gas and applying the beams with no intermittent application of the beams. Namely, it is possible to 

35 efficiently form a single-crystalline thin film having high homogeneity. 
According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 

material on a substrate comprises a plurality of irradiation means for irradiating the substrate with a plurality 
of gas beams of low energy levels causing no sputtering of the prescribed material from directions which 
are perpendicular to a plurality of densest crystal planes having different directions in the single-crystalline 

40 thin film to be formed respectively, and control means for independently controlling operating conditions in 
the plurality of irradiation means respectively. 

In the apparatus according to the present invention, control means independently controls operating 
conditions in irradiation means such as output beam densities, for example, whereby states of a plurality of 
beams which are applied to the substrate are optimumly controlled. Thus, it is possible to efficiently form a 

45 high-quality single-crystalline thin film. 
The irradiation means preferably comprises an electron cyclotron resonance type ion source, and the 

gas beams are supplied by the ion source. 
According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 

material on a substrate comprises irradiation means for irradiating the substrate with beams of a gas 
5o supplied by an ion source at low energy levels causing no sputtering of the prescribed material from 

directions which are perpendicular to a plurality of densest crystal planes having different directions in the 
single-crystalline thin film to be formed, and bias means for applying a bias voltage across the ion source 
and the substrate in a direction for accelerating ions. 

In the apparatus according to the present invention, bias means applies a bias voltage across the ion 
55 source. and the substrate, whereby the gas beams are improved in directivity. Thus, it is possible to form a 

high-quality single-crystalline thin film having high homogeneity of the crystal orientation. 
According to the present invention, an apparatus for forming a single-crystalline thin film of a prescribed 

material on a substrate comprises irradiation means for irradiating the substrate with beams of a gas 
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supplied by an ion source at low energy levels . causing no sputtering of the prescribed material from 
directions which are perpendicular to a plurality of densest crystal planes having different directions in the 
single-crystalline thin film to be formed, with a grid which is provided in the vicinity of an ion outlet of the 
ion source, and grid voltage applying means for applying a voltage to the grid for controlling conditions for 

5 extracting ions from the ion source. 
In the apparatus according to the present invention, grid voltage applying means optimumly controls 

conditions for extracting ions from the ion source, whereby it is possible to efficiently form a high-quality 
single-crystalline thin film. 

In the apparatus according to the present invention, the beam source is preferably an electron cyclotron 
10 resonance type ion source. 

In the apparatus according to the present invention, the gas beams are supplied by an electron 
cyclotron resonance type ion source, whereby the ion beams are excellent in directivity while. it is possible 
to obtain strong neutral beams having excellent directivity at positions beyo~d a prescribed distance from 
the ion source without employing means for neutralizing ions. 

15 According to the present invention, a beam irradiator for irradiating a target surface of a sample with a 
gas beam comprises a container for storing the sample, and a beam source for irradiating the target surface 
of the sample which is set in a prescribed position of the container with the gas beam, and at least a 
surface of a portion irradiated with the beam is made of a material having threshold energy which is higher 
than energy of the beam in sputtering by irradiation with the beam among an inner wall of the container and 

20 a member which is stored in the container. 
At least the surface of the portion irradiated with the beam is made of a material having threshold 

energy which is higher than energy of the beam in sputtering by the irradiation with the beam among the 
inner wall of the container and the member stored in the container, whereby no sputtering is caused even if 
the beam reaches the member. Therefore, consumption of the member by sputtering is suppressed, while 

25 contamination of the target sample with the material element forming the member is prevented. 
According to the present invention, a beam irradiator for irradiating a target surface of a sample with a 

gas beam comprises a container for storing the sample, and a beam source for irradiating the target surface 
of the sample which is set in a prescribed position of the container with the gas beam, and at least a 
surface of a portion irradiated with the beam is made of a material having threshold energy with respect to 

30 sputtering which is higher than that in the target surface of the sample among an inner wall of the container 
and a member which is stored in the container. 

At least the surface of the portion irradiated with the beam is made of a material having threshold 
energy with respect to sputtering which is higher than that in the target surface of the sample among the 
inner wall of the container and the member stored in the container, whereby no sputtering is caused in this 

35 member when the target surface of the sample is irradiated with the beam causing no sputtering. Therefore, 
consumption of the member by sputtering is suppressed under such usage, while contamination of the 
target sample with the material element forming the member is prevented. 

According to the present invention, a beam irradiator for irradiating a target surface of a sample with a 
gas beam comprises a container for storing the sample, and a beam source for irradiating the target surface 

40 of the sample which is set in a prescribed position of the container with the gas beam, and at least a 
surface of a portion irradiated with the beam is made of a material containing an element which is larger in 
atomic weight than that forming the gas among an inner wall of the container and a member which is stored 
in the container. · 

At least the surface of the portion irradiated with the beam is made of a material containing an element 
45 which is larger in atomic weight than that forming the beam gas among the inner wall of the container and 

the member stored in the container, whereby permeation of a different element in the member is 
suppressed. Therefore, deterioration of the member caused by invasion of the different element is 
suppressed. 

According to the present invention, a beam irradiator for irradiating a target surface of a sample with a 
50 gas beam comprises a container for storing the sample, and a beam source for irradiating the target surface 

of the sample which is set in a prescribed position of the container with the gas beam, and at least a 
surface of a portion irradiated with the beam is made of the same material as that forming the target surface 
of the sample among an inner wall of the container and a member which is stored in the container. 

At least the surface of the portion irradiated with the beam is made of the same material as that forming 
55 the target surface of the sample among the inner wall of the container and the member stored in the 

container, whereby the target sample is not contaminated with the material element forming the member 
even if sputtering is caused in this member. 
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The member stored in the container preferably includes reflecting means which is interposed in a path 
of the beam for separating the beam into a plurality of components and irradiating the target surface of the 
sample with the plurality of components from directions which are different from each other. 

The reflecting means is stored in the container and at least the surface of the portion irradiated with the 
5 beam is made of a material causing no sputtering, the same material as that of the target surface of the 

sample, or a material containing an element which is larger in atomic weigtit than that forming the beam 
gas, whereby contamination of the sample by sputtering of the reflecting means is prevented or deteriora
tion of the reflecting means is suppressed. 

The present invention is also directed to a beam irradiating method. According to the present invention, 
10 a beam irradiating method of irradiating a target surface of a sample with a gas beam comprises a step of 

setting the sample in a prescribed position of a container, and a step of irradiating the target surface of the 
sample which is set in the container with the gas beam, and the target surface is irradiated with the beam at 
energy which is lower than threshold energy of sputtering in a surface of a portion which is irradiated with 
the beam among an inner wall of the container and a member stored in the container. 

15 The target surface is irradiated with the beam at energy which is lower than threshold energy of 
sputtering on the surface of the portion irradiated. with the beam among the inner wall of the container and 
the member stored in the container, whereby no sputtering is caused even if the beam reaches the 
member. Therefore, consumption of the member by sputtering is suppressed, while contamination of the 
target sample with the material element forming the member is prevented. 

20 The present invention is also directed to a method of forming single-crystalline thin film. According to 
the present invention, a method of forming a single-crystalline thin film of a prescribed material on a 
substrate comprises a step of depositing the prescribed material on the substrate under a low temperature 
causing no crystallization of the prescribed material and irradiating the prescribed material as deposited 
with a gas beam of low energy causing no sputtering of the prescribed material from one direction, thereby 

25 forming an axially oriented polycrystalline thin film of the material, and a step of irradiating the axially 
oriented polycrystalline thin film with gas beams of low energy causing no sputtering of the prescribed 
material under a high temperature below a crystallization temperature of the prescribed material from 
directions which are perpendicular to a plurality of densest crystal planes of different directions in the 
single-crystalline thin film, thereby converting the axially oriented polycrystalline thin film to a single-

30 crystalline thin film. 
The axially oriented polycrystalline thin film is previously formed on the substrate and thereafter 

irradiated with the beams from a plurality of directions so that the thin film is converted to a single
crystalline thin film. Therefore, even if the substrate is not uniformly irradiated with the beams from the 
plurality of directions due to a screen formed on the substrate, for example, at least either a single-

35 crystalline thin film or an axially oriented polycrystalline thin film is formed on any portion on the substrate, 
whereby no remarkable deterioration of characteristics is caused. 

According to the present invention, a method of forming a single-crystalline thin film of a prescribed 
material on a substrate comprises a step of depositing the prescribed material on the substrate thereby 
forming a thin film of the material, a step of irradiating the thin film with a gas beam of low energy causing 

40 no sputtering of the prescribed material under a high temperature below a crystallization temperature of the 
prescribed material from one direction after the step, thereby converting the thin ·film to an axially oriented 
polycrystalline thin film, and a step of irradiating the axially oriented polycrystalline thin film with gas beams 
of low energy causing no sputtering of the prescribed material under a high temperature below the 
crystallization temperature of the prescribed material from directions which are perpendicular to a plurality 

45 of densest crystal planes of different directions in the single-crystalline thin film, thereby converting the 
axially oriented polycrystalline thin film to a single-crystalline thin film. 

The axially oriented polycrystalline thin film is previously formed on the substrate and thereafter 
irradiated with the beams from a plurality of directions, so that the thin film is converted to a single
crystalline thin film. Therefore, even if the substrate is not uniformly irradiated with the beams from the · 

50 plurality of directions due to a screen formed on the substrate, for example, at least either a single
crystalline thin film or an axially oriented polycrystalline thin film is formed on any portion on the substrate, 
whereby no remarkable deterioration of characteristics is caused. 

The direction of the gas beam in formation of the axially oriented polycrystalline thin film is preferably 
identical to one of the plurality of directions of the gas beams in the conversion of the axially oriented 

55 polycrystalline thin film to the single-crystalline thin film. 
The direction of application of the gas beam in formation of the axially oriented polycrystalline thin film 

is identical to one of the plurality of directions of gas beams for converting the axially oriented polycrystal
line thin film to a single-crystalline thin film, whereby conversion to the single-crystalline thin film is 
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smoothly carried out. 
The gas is preferably an inert gas. 
The beam of an inert gas is so applied that no particularly remarkable influence is exerted on the 

electrophysical properties of the thin film even if the gas remains in the single-crystalline thin film as 
5 formed, while it is possible to easily remove the as-invaded gas from the thin film. 

The atomic weight of an element forming the inert gas is preferably lower than the maximum atomic 
weight among those of elements forming the prescribed material. 

The atomic weight of the element forming the inert gas is lower than the maximum atomic weight of 
elements forming the prescribed material which is grown as the thin film, whereby most part of atoms or 

10 ions of the applied inert gas are rearwardly scattered on the surface of the thin film or in the vicinity thereof, 
to hardly remain in the thin film. 

The prescribed material preferably contains an element forming a gas material which is a gas under a 
normal temperature, and the gas beam is preferably a beam of the gas material. 

The gas as applied contains an element forming the material grown as a thin film. Even if atoms or ions 
15 of the element remain in the thin film after irradiation, therefore, these will not exert a bad influence on the 

single-crystalline thin film as impurities. 
The gas beam is preferably formed by an electron cyclotron resonance ion source. 
The beam generation source is an electron cyclotron resonance ion generation source. Therefore, the 

ion beam has high directivity, while a strong neutral beam can be obtained at a distance exceeding a 
20 prescribed length from the ion generation source without employing means for neutralizing ions. Further, it 

is possible to employ an electrically insulating substrate without employing means for neutralizing the ions. 
According to the present invention, a beam irradiator for irradiating a target surface of a sample with a 

gas beam comprises a single beam source for supplying the beam, and reflecting means for reflecting the 
beam which is supplied by the beam source, thereby enabling irradiation of the target surface with the gas 

25 in a plurality of prescribed directions of incidence, and the reflecting means comprises a reflector having a 
plurality of reflecting surfaces for reflecting the beam in a plurality of directions, and a screen which is 
interposed in a path of the beam between the beam source and the reflecting surfaces for selectively 
passing the beam thereby preventing multiple reflection by the plurality of reflecting surfaces. 

Multiple ·reflection of the beam by the plurality of reflecting surfaces is prevented by the screen, 
30 whereby no beam is applied from a direction other than a prescribed direction of incidence. 

The screen preferably further selectively passes the beam to uniformly irradiate the target surface with 
the beam. 

The target surface is uniformly irradiated with the .beam by action of the screen. Therefore, a high 
quality single-crystalline thin film is formed when the apparatus is applied to formation of a single-crystalline 

35 thin film, for example. 
The present invention is also directed to a beam reflecting device. According to the present invention, a 

beam reflecting device for reflecting a gas beam which is supplied from a single beam source thereby 
enabling irradiation of a target surface of a sample with the gas in a plurality of prescribed directions of 
incidence comprises a reflector having a plurality of reflecting surfaces for reflecting the beam in a plurality 

40 of directions, and a screen which is interposed in a path of the beam between the beam source and the 
reflecting surfaces for selectively passing the beam thereby preventing multiple reflection by the plurality of 
reflecting surfaces. 

Multiple reflection of the beam by the plurality of reflecting surfaces is prevented by the screen, 
whereby no beam is applied from a direction other than a prescribed direction of incidence. 

45 The screen preferably further selectively passes the beam to uniformly irradiate the target surface with 
the beam. 

The target surface is uniformly irradiated with the beam by action of the screen. Therefore, a high· 
quality single-crystalline thin film is formed when the apparatus is applied to formation of a single-crystalline 
thin film, for example. 

50 According to the present invention, a beam irradiator for irradiating a target surface of a sample with a 
gas beam comprises a single beam source for supplying the beam, and reflecting means for reflecting the 
beam which is supplied by the beam source, thereby enabling irradiation of the target surface with the gas 
in a plurality of prescribed directions of incidence. and the reflecting means comprises a first reflector which 
is arranged in a path of the beam supplied from the beam source for reflecting the beam in a plurality of 

55 directions thereby generating a plurality of divergent beams having beam sections which are two
dimensionally enlarged with progress of the beams, and a second reflector having a concave reflecting 
surface for further reflecting the plurality of divergent beams to be incident upon the target surface 
substantially as parallel beams from a plurality of directions. 
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The gas beams applied to the target surface of the sample are obtained by the single beam source and 
the reflecting means provided in the path, whereby it is possible to irradiate the target surface with gas 
beams from a plurality of different prescribed directions with no requirement for a plurality of beam sources. 
Further, the beam is reflected by the first reflector to be two-dimensionally diverged in a plurality of 

s directions and then converted to substantially parallel beams by the second reflector, whereby the beam 
can be uniformly applied to the target surface which is wider than the section of the beam supplied from the 
beam source. Therefore, it is possible to widely and efficiently form a single-crystalline thin film of a 
prescribed material on a wide substrate provided with a thin film of the prescribed material on its surface or 
a wide substrate having a thin film of the prescribed material being grown on its surface without scanning 

10 the substrate, by irradiating the substrate with a gas beam by this apparatus. 
The reflecting means preferably further comprises rectifying means which is provided in a path of the 

beams between the first reflector and the substrate for regularizing directions of the beams. 
The rectifying means is arranged in the path of the beam between the first reflector and the sample, 

whereby the beam can be regulated along a prescribed direction. Therefore, no strict accuracy is required 
15 for the shapes and arrangement of. the respective reflectors, whereby the apparatus can be easily 

structured. 
The reflecting means preferably further comprises beam distribution adjusting means which is inter

posed in a path of the beam between the beam source and the first reflector for adjusting distribution of the 
beam on a section which is perpendicular to the path, thereby adjusting the amounts of respective be.am 

20 components reflected by the first reflector' in the plurality of directions. 
The beam distribution adjusting means adjusts the amounts of a plurality of beam components reflected 

by the first reflector, whereby the amounts of a plurality of beam components which are incident upon the 
target surface from a plurality of directions can be adjusted. Therefore, the amounts of the respective beam 
components incident upon the substrate can be optimumly set to be identical to each other, for example, 

25 whereby it is possible to efficiently form a high-quality single-crystalline thin film. 
According to the present invention, a beam reflecting device for reflecting a gas beam which is supplied 

from a single beam source thereby enabling irradiation of a target surface of a sample with the gas in a 
plurality of prescribed directions of incidence comprises a first reflector for reflecting the beam in a plurality 
of directions thereby generating a plurality of divergent beams having beam sections which are two-

30 dimensionally enlarged with progress of the beams, and a second reflector having a concave reflecting 
surface for further reflecting the plurality of divergent beams to be incident upon the target surface 
substantially as parallel beams from a plurality of directions. · 

The gas beam which is supplied from the single beam source is reflected by the first reflector to be 
two-dimensionally diverged in a plurality of directions and then converted to substantially parallel beams by 

35 the second reflector, whereby it is possible to irradiate the target surface which is wider than the section of 
the beam supplied from the beam source from a plurality of directions with no requirement for a plurality of 
beam sources. Therefore, it is possible to widely and efficiently form a single-crystalline thin film of a 
prescribed material on a wide substrate provided with a thin film of the prescribed material on its surface or 
a wide substrate having a thin film of the prescribed material being grown on its surface without scanning 

40 the substrate, by irradiating the substrate with a gas beam by this apparatus. 
According to the present invention, a beam irradiator for irradiating a target surface of a sample with 

gas beams comprises a plurality of beam sources for supplying the gas beams, and a plurality of reflecting 
. means for reflecting the beams which are supplied by the plurality of beam sources thereby enabling 
irradiation of a common region of the target surface with the gas in a plurality of prescribed directions of 

45 incidence, and each reflecting means comprises a first reflector which is arranged in a path of each beam 
supplied from each beam source for reflecting the beam thereby generating a beam having a beam section 
which is two-dimensionally enlarged with progress of the beam, and a second reflector having a concave 
reflecting surface for further reflecting the divergent beam to be incident upon a linear or strip-shaped 
common region of· the target surface substantially as a parallel beam, while the beam irradiator further 

50 comprises moving means for scanning the sample in a direction intersecting with the linear or strip-shaped 
common region. 

The beams are reflected by the first reflector to be substantially one-dimensionally diverged and 
thereafter converted to substantially parallel beams by the second reflector, whereby it is possible to 
irradiate a linear or strip-shaped region which is wider than the beams supplied from the beam sources with 

55 parall~I beams from prescribed directions of incidence. Further, the sample is scanned in a direction 
intersecting with the linear or strip-shaped region, whereby the beams can be uniformly applied to a wide 
target surface. In addition, a plurality of beam sources and a plurality of reflecting means are so provided 
that a wide target surface can be uniformly irradiated with beams from a plurality of directions of incidence. 
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Each reflecting means preferably further comprises rectifying means which is provided in a path of 
each beam between the first reflector and the substrate for regulating the direction of the beam. 

The rectifying means is arranged in the beam path between the first reflector and the substrate, 
whereby the beams can be regulated in a prescribed direction. Therefore, no strict accuracy is required for 

5 the shapes and arrangement of the respective reflectors, whereby the apparatus can be easily structured. 
According to the present invention, a beam reflecting device for reflecting a gas beam which is supplied 

from a beam source thereby enabling irradiation of a target surface of a sample with the gas in a prescribed 
direction of incidence comprises a first reflector for reflecting the beam thereby generating a divergent 
beam having a beam section which is two-dimensionally enlarged with progress of the beam, and a second 

10 reflector having a concave reflecting surface for further reflecting the divergent beam to be incident upon a 
linear or strip-shaped region of the target surface substantially as a parallel beam. 

The beams are reflected by the first reflector to be substantially one-dimensionally diverged and 
thereafter converted to substantially parallel beams by the second reflector, whereby it is possible to 
irradiate a linear or strip-shaped region which is wider than the beams supplied from the beam sources with 

15 the beams. 
Accordingly, an object of the present invention is to provide a technique which can form an axially 

oriented polycrystalline thin film oriented in a desired direction and a single-crystalline thin film having a 
desired crystal orientation on an arbitrary substrate including a single-crystalline substrate. 

Another object of the present invention is to provide a beam irradiator and a beam reflecting device for 
20 enabling efficient formation of a single-crystalline thin film. 

Throughout the specification, the term "substrate" is not restricted to a substance simply serving as a 
base to be provided thereon with a thin film, but generally indicates a medium to be provided thereon with a 
thin film, including a device having a prescribed function, for example. 

Throughout the specification, the term "gas beam" is a concept including all of a beam-type ion 
25 current, an atom current and a molecular flow. 

The foregoing and other objects, features, aspects and advantages of the present invention will become 
more apparent from the following detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a model diagram showing an apparatus which is suitable for carrying out a method according to 
a first preferred embodiment of the present invention; 
Figs. 2A to 2C are perspective views showing a structure of a collimator; 

35 Figs; 3A and 38 are sectional views showing a sample; 
Fig. 4 is a front sectional view showing an apparatus which is suitable for carrying out a method 
according to a second preferred embodiment of the present invention; 
Fig. 5 is a perspective view showing a reflector which is employed in the method according to the 
second preferred embodiment of the present invention; 

40 Figs. SA, SB and SC are a plan view, a side elevational view and a front elevational view showing an 
example of the reflector which is employed in the method according to the second preferred embodi
ment of the present invention; 
Fig. 7 is a graph showing characteristics of an ECR ion generator which is employed in the method 
according to the second preferred embodiment of the present invention; 

45 Fig. 8 illustrates experimental data verifying the method according to the second preferred embodiment 
of the present invention; 
Fig. 9 is a perspective view showing another example of the reflector employed in the method according 
to the second preferred embodiment of the present invention; 
Figs. 10A, 108 and 10C illustrate three surfaces of still another example of the reflector employed in the 

50 method according to the second preferred embodiment of the present invention; 
Figs. 11 A and 11 B are structural diagrams showing a further example of the reflector employed in the 
method according to the second preferred embodiment of the present invention; 
Figs. 12A and 128 are structural diagrams showing a further example of the reflector employed in the 
method according to the second preferred embodiment of the present invention; and 

55 Fig. 13 is a front sectional view showing an apparatus which is suitable for carrying out a method 
according to a preferred embodiment of the present invention. 
Fig. 14 is a front sectional view showing an apparatus according to a fourth preferred embodiment of the 
present invention; 
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Fig. 15 illustrates a result of a verification test in the apparatus according to the fourth preferred 
embodiment of the present invention; 
Fig. 16 is a front sectional view showing an apparatus according to a fifth preferred embodiment of the 
present invention; 
Fig. 17 is a perspective view showing a reflector in the fifth preferred embodiment; 
Fig. 18 is a plan view of the reflector shown in Fig. 17; 
Fig. 19 is an exploded perspective view of the reflector shown in Fig. 17; 
Fig. 20 is an exploded perspective view of the reflector shown in Fig. 17; 
Fig. 21 is a plan view of the reflector shown in Fig. 17; 
Fig. 22 is a sectional view taken along the line A - A in Fig. 21; 
Fig. 23 is a perspective view showing an apparatus according to a sixth preferred embodiment of the 
present invention; 
Fig. 24 is a perspective view showing an apparatus according to a seventh preferred embodiment of the 
present invention; 
Fig. 25 is a process diagram for illustrating a method according to an eighth preferred embodiment of 
the present invention; 
Fig. 26 is a process diagram for illustrating the method according to the eighth preferred embodiment of 
the present invention; 
Fig. 27 is a process diagram for illustrating the method according to the eighth preferred embodiment of 
the present invention; 
Fig. 28 is a front sectional view of an apparatus according to a ninth preferred embodiment of the 
present invention; 
Fig. 29 is a front sectional view showing a reflecting unit in the ninth preferred embodiment of the 
present invention; 
Fig. 30 is a plan view showing a reflecting unit in the ninth preferred embodiment; 
Fig. 31 is a front sectional view showing an apparatus according to a tenth preferred embodiment of the 
present invention; 
Fig. 32 is a perspective view showing an apparatus according to an eleventh preferred embodiment of 
the present invention; . 
Fig. 33 is a plan view showing the apparatus according to the eleventh preferred embodiment of the 
present invention; 
Fig. 34 is a front elevational view of the apparatus according to the eleventh preferred embodiment of the 
present invention; · 
Fig. 35 is a plan view of the apparatus according to the eleventh preferred embodiment of the present 
invention; and 
Fig. 36 is a perspective view showing an apparatus according to a twelfth preferred embodiment of the 
present invention. 
Fig. 37 is a process diagram showing a method according to a thirteenth preferred embodiment of the 
present invention; 
Fig. 38 is a process diagram showing the method according to the thirteenth preferred embodiment of 
the present invention; 
Fig. 39 is a process diagram showing the method according to the thirteenth preferred embodiment of 
the present invention; 
Fig. 40 is a process diagram showing the method according to the thirteenth preferred embodiment of 
the present invention; 
Fig. 41 is a process diagram showing the method according to the thirteenth preferred embodiment of 
the present invention; 
Fig. 42 is a process diagram showing the method according to the thirteenth preferred embodiment of 
the present invention; 
Fig. 43 is a process diagram showing a method according to a fourteenth preferred embodiment of the 
present invention; 
Fig. 44 is a process diagram showing the method according to the fourteenth preferred embodiment of 
the present invention; 
Fig. 45 is a process diagram showing the method according to the fourteenth preferred embodiment of 
the present invention; 
Fig. 46 is a process diagram showing the method according to the fourteenth preferred embodiment of 
the present invention; 
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Fig. 47 is a process diagram showing the meth()d according to the fourteenth preferred embodiment of 
the present invention: 
Fig. 48 is a process diagram showing the method according to the fourteenth preferred embodiment of 
the present invention; 
Fig. 49 is a process diagram showing the method according to the fourteenth preferred embodiment of 
the present invention; 
Fig. 50 is a process diagram showing the method according to the fourteenth preferred embodiment of 
the present invention; 
Fig. 51 is a process diagram showing the method according to the fourteenth preferred embodiment of 
the present invention; 
Fig. 52 is a process diagram showing a method according to a seventeenth preferred embodiment of the 
present invention; 
Fig. 53 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention; 
Fig. 54 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention; 
Fig. 55 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention; 
Fig. 56 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention: 
Fig. 57 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention; 
Fig. 58 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention; 
Fig. 59 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention; 
Fig. 60 is a process diagram showing the method according to the seventeenth preferred embodiment of 
the present invention; 
Fig. 61 is a process diagram showing a ·method according to an eighteenth preferred embodiment of the 
present invention; 
Fig. 62 is a front elevational view showing an apparatus according to a nineteenth preferred embodiment 
of the present invention; _ 
Fig. 63 is a plan view showing the apparatus according to the nineteenth preferred embodiment of the 
present invention; . 
Fig. 64 is a front sectional view showing the apparatus according to the nineteenth preferred embodiment 
of the present invention; 
Fig. 65 is a perspective view showing the apparatus according to the nineteenth preferred embodiment 
of the present invention; 
Fig. 66 is a front elevational view showing an apparatus according to a twentieth preferred embodiment 
of the present invention; 
Fig. 67 is a plan view showing an apparatus according to a twenty-first preferred embodiment of the 
present invention; 
Fig. 68 is a plan view showing an apparatus according to a twenty-third preferred embodiment of the 
present invention; 
Fig. 69 is a front sectional view showing an apparatus according to a twenty-fourth preferred embodiment 
of the present invention; 
Fig. 70 is a front sectional view showing another apparatus according to the twenty-fourth preferred 
embodiment of the present invention; 
Fig. 71 is a partially fragmented sectional view showing an apparatus according to a twenty-fifth 
preferred embodiment of the presentinvention; 
Fig. 72 is a plan view showing another apparatus according to the twenty-fifth preferred embodiment of 
the present invention; 
Fig. 73 is a front sectional view showing an apparatus according to a twenty-sixth preferred embodiment 
of the present invention: 
Fig. 74 is a front sectional view showing an apparatus according to a twenty-seventh preferred 
embodiment of the present invention; 
Fig. 75 is a front sectional view showing an apparatus according to a twenty-eighth preferred embodi
ment of the present invention; and 
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Fig. 76 is a front sectional view showing an apparatus according to a twenty-ninth preferred embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(A. Formation of Single-Crystalline Thin Film or Axially Oriented Polycrystalline Thin Film} 

Preferred embodiments for efficiently forming a single-crystalline thin film or axially oriented poly
crystalline thin film on a substrate are now described. 

(A-1. First Preferred Embodiment> 

A first preferred embodiment of the present invention is now described. 

1s <A-1-1. Structure of Apparatus} 

Fig. 1 is a model diagram showing the structure of an apparatus 80 for effectively implementing a 
method according to the first preferred embodiment of the present invention. This apparatus 80 is adapted 
to convert a polycrystalline thin film 82, which is formed on a substrate 81, to' a single-crystalline thin film. 

20 Therefore, the apparatus 80 is supplied 'with a sample prepared by the polycrystalline thin film 82 of a 
prescribed material which is already formed on the substrate 81 by a well-known method. 

For example, the substrate 81 is prepared from polycrystalline Si02 (quartz), and a polycrystalline Si 
(silicon) thin film 82 is formed on this quartz substrate 81, to be converted to a single-crystalline Si thin film. 
The apparatus 80 comprises cage-type ion sources 83. Inert gases are introduced into the ion sources 83 

25 from conduits 84 and ionized therein by electron beams, thereby forming plasmas of the inert gases. 
Further, only ions are extracted from the ion sources 83 by action of· electric fields which are formed by 
lead electrodes provided in the ion sources 83, whereby the ion sources 83 emit ion beams. For example, it 
is possible to accelerate Ne (neon) ions to 200 to 600 eV by the ion sources 83 of 10 cm if! diameter, for 
example, with current densities of 1 to 9 mA/cm2. 

30 The ion beams which are emitted from the ion sources 83 are guided· to reflection deaccelerators 85 
and collimators 86, and thereafter applied to the surface of the polycrystalline thin film 82 at prescribed 
angles. Each reflection deaccelerator 85 is provided with two silicon single-crystalline plates having major 
surfaces of (100) planes. These silicon single-crystalline plates are in the form of discs having diameters of 
15 cm, for example. These silicon single-crystalline plates successively reflect the ion beams which are 

35 incident on the major surfaces thereof at angles of incidence of 45 • to reduce energy levels and neutralize 
electric charges thereof, thereby converting the ion beams to low-energy neutral atomic beams. 

Figs. 2A to 2C are perspective views showing the structure of each collimator 86. Fig. 2A is an overall 
perspective view, Fig. 28 is an enlarged perspective view and Fig. 2C is a further enlarged perspective 
view. The collimator 86 regulates directions of the atomic beams, thereby supplying the polycrystalline thin 

40 film 82 with atomic beams having high directivity. The collimator 86 is formed by alternately stacking 
corrugated members, which are prepared by evaporating silicon films 86b on both sides of aluminum plates 
86a as shown in Fig. 2C, and flat plate members having similar structures as shown in Fig. 28. This 
collimator 86 has 30 layers, for example. Both surfaces of the aluminum plates 86a are covered with the 
silicon films 86b, so that aluminum atoms which are different atoms will not reach the polycrystalline Si thin 

45 film 82 even if the corrugated members and the flat plate members are struck by an· neutral atom current to 
cause sputtering. The atomic beams are regularized in direction within a range of :t0.5 • while passing 
through thin channels defined between the corrugated and flat plate members, to be converted to atomic 
beams having high directivity. 

The quartz substrate 81 is mounted on a heater 87, which is adapted to maintain the quartz substrate 
50 81 at a prescribed high temperature. 

<A-1-2. Operation of Apparatus} 

The operation of the apparatus 80 is now described. The sample which is supplied to the apparatus 80 
55 can bE;l prepared by forming the polycrystalline Si thin film 82 on the quartz substrate 81 by well-known 

chemical vapor deposition (CVD), for example. The quartz substrate 81 is 1.5 mm in thickness, for example, 
and the polycrystalline Si thin film 82 is about 2000 A in thickness, for example. First, the sample as 
prepared is mounted on the heater 87. This heater 87 maintains the sample, i.e., the quartz substrate 81 

18 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 720 of 1543



EP 0 652 308 A2 

and the polycrystalline Si thin film 82, at a temperature of 550 • C. This temperature is lower than the 
crystallization temperature of silicon, whereby no. single-crystalline Si is converted to polycrystalline Si 
under this temperature. However, this temperature is so high that polycrystalline Si can be grown to single· 
crystalline Si if a seed crystal is present. 

5 Then, Ne (neon) gases are introduced into the ion sources 83 from the conduits 84, to form Ne ion 
beams. The as-formed Ne ion beams pass through the reflection deaccelerators 85 and the collimators 86, 
to reach the surface of the polycrystalline Si thin film 82 as low energy neutral Ne atomic beams. 

The two Ne atomic beams which are started from the two ion sources 83 are incident upon the surface 
of the polycrystalline Si thin film 82 at angles of incidence of 35 • so that the directions of incidence are 

10 two-fold symmetrical with each other about a normal line on the surface of the polycrystalline Si thin film 
82. The directions of incidence of these two beams, which are at an angle of 70 • to each other, correspond 
to normal line directions of independent two densest planes, i.e., (111) planes of single-crystalline Si having 
a diamond crystal structure. 

The energy levels of the plasmas formed by the ion sources 83 are so set that the Ne atoms reaching 
15 the polycrystalline Si thin film 82 are at levels causing no sputtering of the polycrystalline Si thin film 82, 

i.e., at levels lower than a value ( = 27 eV) known as a threshold energy level in sputtering of Si caused by 
irradiation with Ne atoms. Therefore, the so-called law of Bravais acts on the polycrystalline Si thin film 82. 
Namely, Si atoms provided in the vicinity of the surface of the polycrystalline Si thin film 82 are so 
rearranged that planes perpendicular to the directions of incidence of the Ne atomic beams which are 

20 applied to the polycrystalline Si thin film 82 define densest crystal planes. 
Since the Ne atomic beams are incident from two directions corresponding to those perpendicular to 

the independent densest planes of the single-crystalline Si, whereby the Si atoms are so rearranged that 
planes perpendicular to the directions of incidence define the densest planes. Namely, two independent 
(111) planes are controlled by the two Ne atoms beams having independent directions of incidence to be 

25 rearranged in constant directions, whereby the crystal orientation is univocally decided. Thus, a layer which 
is close to the surface of the polycrystalline Si thin film 82 . is converted to a single-crystalline Si layer 
having a regulated crystal orientation. · 

The above description corresponds to a first stage of single-crystallization of the polycrystalline Si thin 
film 82. Figs. 3A and 38 are model diagrams showing internal structures of the sample in the first stage and 

30 a following second stage of single-crystallization. In the first stage, a single-crystalline Si layer 88 is formed 
only in the vicinity of the surface of the polycrystalline Si thin film 82, as shown in Fig. 3A. 

As hereinabove described, the temperature of the polycrystalline Si thin film 82 is adjusted to a level 
which is suitable for growing a seed crystal. Therefore, the single-crystalline Si layer 88 which is formed on 
the surface of the polycrystalline Si thin film 82 serves as a seed crystal, to be grown toward a deep portion 

35 of the polycrystalline Si thin film 82. Finally the overall region of the polycrystalline Si thin film 82 is 
converted to the single-crystalline Si layer 88, as shown in Fig. 38. Thus, a single-crystalline Si thin film 
having a regulated crystal orientation is formed on the quartz substrate 81. Since the polycrystalline Si thin 
film 82 is maintained at a temperature which is lower than the crystallization temperature of Si as 
hereinabove described, the single-crystalline Si layer 88 will not return to the polycrystalline structure, which 

40 is a thermal equilibrium state. 
The single-crystalline Si layer 88, which is formed on the polycrystalline Si thin film 82 by irradiation to 

serve as a seed crystal, is integrated with a polycrystalline Si layer remaining in its deep portion since this 
layer 88 is converted from the polycrystalline Si thin film 82. Namely, the polycrystalline Si layer 82 is 
completely in contact with the seed crystal. Therefore, vertical solid phase epitaxial growth progresses in an 

45 excellent state. Further, the seed crystal and the single-crystalline Si which is formed by the solid phase 
epitaxial growth are single crystals of the same material having the same crystal orientation, whereby it is 
not necessary to remove the seed crystal after formation of the single-crystalline Si thin film 88. Further, the 
single-crystalline Si thin film 88 is formed by the vertical solid phase epitaxial growth, whereby it is possible 
to efficiently obtain a desired single-crystalline Si thin film. in a short time as compared with the prior art 

50 utilizing transverse growth. 
An element forming the atomic beams which are applied to the polycrystalline Si thin film 82 is 

preferably prepared from N~. as hereinabove described. Since Ne atoms are lighter than Si atoms, there is 
a high possibility that the relatively heavy Si atoms rearwardly scatter the relatively light Ne atoms when the 
atomic beams are applied to the Si thin film, whereby the Ne atoms hardly penetrate into the Si thin film to 

55 remain therein. Further, the inert element such as Ne is selected as an element forming the as-applied 
atomic beams since the inert element forms no compound with any element forming the thin film such as Si 
even if the same remains in the Si thin film, whereby the electronic/physical properties of the Si thin film are 
hardly influenced by this element and this element can be easily removed by increasing the temperature of 

19 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 721 of 1543



EP 0 652 308 A2 

the as-finished single-crystalline Si thin film to some extent. 
The sample is irradiated with the neutralized atomic beams in place of direct Ne ion beams, for the 

following reasons: First, charged particle beams such as ion beams are · spread to lose directivity by 
repulsion between the particles caused by static electricity. Second, charges are stored in the thin film 

5 when charged particle beams are employed for the thin film which is made of a material having high 
resistivity or the like, such that the beams cannot reach the thin film beyond a certain amount due to 
repulsion of the stored charges. When neutral atomic beams are employed, on the other hand, no charges 
are stored in the thin film while parallel beams having excellent directivity reach the thin film to facilitate 
smooth crystallization. 

10 

(A-1·3. Other Exemplary Sample) 

While the above description has been made on the case of converting the polycrystalline Si thin film 82 
to a single-crystalline Si thin film, the inventive method is applicable not only to a polycrystalline thin film 

15 but to an amorphous thin film, to attain a similar effect. Experimental data verifying this point is now 
described. 

In the experiment, a sample was prepared by previously forming an amorphous Si thin film on a quartz 
substrate by plasma CVD. Inert gases to be applied to the sample were prepared from Ne gases. The 
quartz substrate was 1.5 mm in thickness, and the amorphous Si thin film was about 2000 A. in thickness. 

20 This sample was mounted on the heater· 87, and maintained at a temperature of 550 • C. In this state, the 
sample was irradiated with beams for about 20 seconds under conditions of acceleration voltages of ion 
sources of 2000 V and current densities of 2 mNcm2 • As the result, a brown color specific to amorphous Si 
disappeared from the as-irradiated central portion of the sample, and this portion was changed to a slightly 
yellowish transparent state. In this portion, a part of about 1 cm2 was examined with X rays and by directive 

25 etching, whereby it was provide that single-crystalline Si was formed with (110) axes along a normal line 
direction of the substrate. 

The crystal orientation was decided by covering the crystal planes with SiO:! (silicon dioxide) films, 
forming small holes in these oxide films, etching the same with KOH (potassium hydroxide) and confirming 
etching bits. As the result, it was possible to confirm that the etching bits were hexagonal, thereby 

30 confirming that single-crystalline Si having (110) axes in the normal line direction was completed. 

<A-2. Second Preferred Embodiment> 

A second preferred embodiment of the present invention is now described. 
35 

<A·2·1. Overall Structure of Apparatus> 

Fig. 4 is a front sectional view showing an apparatus 101 for effectively implementing a method 
according to the second preferred embodiment of the present invention. This apparatus 101 is also adapted 

40 to convert a polycrystalline thin film, which is previously formed on a substrate 11, to a single-crystalline 
thin film, similarly to the aforementioned apparatus 80. 

This apparatus 101 comprises a reaction vessel 1, and an electron cyclotron resonance (ECR) ion 
generator 2 which is built in an upper portion of the reaction vessel 1. The ECR ion generator 2 comprises a 
plasma container 3 which defines a plasma chamber 4 in its interior. A magnetic coil 5 is provided around 

45 the plasma container 3, to apply a de high magnetic field to the plasma chamber 4. ·Further, a waveguide 6 
and an inlet pipe 7 are provided on an upper surface of the plasma container 3 for introducing a microwave 
and an inert gas such as Ne gas into the plasma chamber 4 respectively. 

The reaction vessel 1 defines an reaction chamber 8 in its interior. The bottom portion of the plasma 
container 3 defines an outlet 9 for passing a plasma in its center. The reaction chamber 8 and the plasma 

50 chamber 4 communicate with each other through the outlet 9. In the interior of the reaction chamber 8, a 
sample holder 10 is arranged on a position immediately under the outlet 9. The substrate 11 is placed on 
the sample holder 10, while a reflector 12 is placed to be located above the substrate 11 . The sample 
holder 10 comprises a heater (not shown), to heat the substrate 11 and hold the same at a proper high 
temperature level. 

55 The reflector 12 is preferably made of a metal. The sample holder 10 is coupled to a rotation driving 
mechanism (not shown), to be rotatable in a horizontal plane. Further, the sample holder 10 can horizontally 
move the substrate 11 while fixing the reflector 12. 

20 
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The reaction chamber 8 communicates with an_ evacuation pipe 14. An end of the evacuation pipe 14 is 
coupled with a vacuum unit (not shown) to evacuate the reaction chamber 8 through the evacuation pipe 14, 
thereby maintaining the reaction chamber 8 at a prescribed degree of vacuum. A vacuum gauge 15 for 
displaying the degree of vacuum in the reaction chamber 8 is provided in communication with the reaction 

5 chamber 8. 

(A-2·2. Structure of Reflector} 

Fig. 5 is a perspective view showing an exemplary reflector 12a. This reflector 12a is adapted to form a 
10 single crystal having a diamond structure, such as single-crystalline Si. The reflector 12a defines an 

opening on a central portion of a flat plate type base 21. Three blocks 22 in the form of rectangular 
parallelopipeds are fixedly provided around the opening, and reflecting blocks 23 are fixed to inner sides of 
the blocks 22 respectively. Consequently, an equilateral triangular opening 24 which is trimmed with the 
reflecting blocks 23 is defined at the central portion of the base 21. In the reflecting blocks 23, slopes 25 

15 facing the opening 24 serve as reflecting surfaces for reflecting a gas beam. Therefore, the angles of 
inclination of the slopes 25 are set at proper levels in correspondence to the directions of crystal axes of 
the single crystal to be formed. 

Figs. 6A, 68 and 6C are a plan view, a side elevational view and a front elevational view of the reflector 
12a which is formed by the blocks 22 and the reflecting blocks 23 respectively. As shown in Fig. 68, the 

20 angle of inclination of each slope 25 is set at 55 • . The reflector 12a is in a structure not fixing the substrate 
11, whereby the substrate 11 can be relatively horizontally moved with respect to the reflector 12a. 
Therefore, it is possible to form a single-crystalline thin film on the substrate 11 having a large area by 
horizontally moving the substrate 11 while fixing the reflector 12a on the sample holder 10. 

25 (A-2-3. Operation of ECR Ion Generator} 

Referring again to Fig. 4, the operation of the ECR ion generator 2 is now described. An inert gas such 
as Ne gas or Ar gas is introduced from the inert gas inlet pipe 7 into the plasma chamber 4, while a 
microwave is simultaneously introduced from the waveguide 6 into the plasma chamber 4. Further, a de 

30 current is also simultaneously supplied to the magnetic coil 5, to form a de magnetic field in the plasma 
chamber 4 and its periphery. The gas as supplied is maintained in a plasma state by actions of the 
microwave and the de magnetic field. This plasma is formed by high-energy electrons which are in screw 
motion in the principle of cyclotron by the microwave and the de magnetic field. 

These electrons, which have diamagnetic properties, are moved to a weaker magnetic field side, to 
35 form an electron stream along a line of magnetic force. Consequently, positive ioris also form an ion current 

along the line of magnetic force following the electron stream, in order to maintain electrical neutrality. In 
other words, the electron stream and the ion current are downwardly directed from the outlet 9 into the 
reaction chamber 8. The ion current and the electron stream thus flowing in parallel with each other are. 
recombined with each other after a lapse of a deionization time, to form a neutral atom current. Therefore, 

40 substantially only a neutral atom current is formed in a position downwardly separated from the outlet 9 
beyond a prescribed distance. 

Fig. 7 is a graph showing the result of relation between ion current density and the distance from the 
outlet 9 actually measured when Ar+ ions of 10 eV were discharged from the outlet 9 by the ECR ion 
generator 2. It is understood from this graph that the ion current density is abruptly reduced at a distance of 

45 about 4 to 5 cm from the outlet 9, and attenuated to a level of 1/10 to 1/12 at a position of 14 cm. The 
neutral atom current is increased by such attenuation of the ion current, whereby substantially only a neutral 
atom current downwardly flows in a position downwardly separated from the outlet 9 by at least 14 cm. · 

Thus, the ECR ion generator 2 for generating ions forms an ion current in parallel with the electron 
stream. whereby it is possible to easily obtain a neutral atom current having high density by employing the 

50 ECR ion generator 2, with no employment of other means for neutralizing the ion current. Since the ion 
current is formed in parallel with the electron stream, further, it is possible to obtain an ion current which is 
close to a parallel current having a regulated direction of progress substantially with no divergence. Since 
the parallel ion current is converted to the neutral atom current, the atom current is also close to a parallel 
current having a regulated direction of progress. 

55 
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(A-2-4. Operation of Apparatus 101) 

Referring again to Fig. 4, the operation of the apparatus 101 is now described. It is assumed that the 
reflector 12 is implemented by the reflector 12a shown in Figs. 5 and 6A to 6C and the substrate 11 is 

5 prepared from polycrystalline Si(}.i (quartz), so that a single-crystalline Si thin film is formed on the quartz 
substrate 11. A polycrystalline Si thin film is previously formed on the quartz. substrate 11 by a well-known 
method such as CVD. 

First, the sample is mounted between the sample holder 10 and the reflector 12a (12). The heater 
provided in the sample holder 10 holds the sample, i.e., the quartz substrate 11 and the polycrystalline Si 

10 thin film, at a temperature similar to that in the first preferred embodiment, i.e., a temperature of 550 • C. 
An inert gas which is introduced from the inert gas inlet pipe 7 is preferably prepared from Ne gas 

having a smaller atomic weight than Si atoms. Due to the action of the ECR ion generator 2, an .Ne+ ion 
current and an electron stream are formed downwardly from the outlet 9. The distance between the outlet 9 
and the reflector 12a (12) is preferably set at a sufficient level for substantially converting the Ne+ ion 

15 current to a neutral Ne atom current. The reflector 12a (12) is set in a position receiving the downwardly 
directed Ne atom current. 

A part of the downwardly directed Ne atom current is reflected by the three slopes 25 which are formed 
in the reflector 12a, to be applied to the polycrystalline Si thin film provided on the Si02 substrate 11 
through the opening 24. Another part of the Ne atom current is not incident upon the slopes 25 but dire.::;tly 

20 incident upon the polycrystalline Si thin fi·lm through the opening 24. In other words, the polycrystalline Si 
thin film is irradiated with four Ne atom current components, i.e., a component straightly received from the 
outlet 9 and three components reflected by the three slopes 25. Since the angles of inclination of the slopes 
25 are set at 55 • , directions of incidence of the four Ne atom current components correspond to four 
directions which are perpendicular to tour independent densest crystal planes of the Si single crystal to be 

25 formed, i.e., (111) planes. 
The energy of the plasma which is formed by the ECR ion generator 2 is so set that the Ne atoms 

reaching the Si02 substrate 11 are at energy levels which are lower than threshold energy ( = 27 eV) in 
sputtering of Si by irradiation with Ne atoms. Therefore, the law of Bravais acts on the polycrystalline Si thin 
film. As the result, the Si atoms in the polycrystalline Si thin film are so rearranged that planes which are 

30 perpendicular to the direction of incidence of the Ne atomic current as applied define densest crystal 
planes. Since the Ne atom current as applied has four components which are incident in directions 
corresponding to those perpendicular to four independent densest planes of the single-crystalline Si, the Si 
atoms are so rearranged that all planes perpendicular to the directions of incidence define the densest 
planes. Namely, the directions of rearrangement of the four independent (111) planes are controlled by four 

35 Ne atomic beams having directions of incidence which are independent of each other, whereby the crystal 
orientation is univocally decided. Thus, a layer in the vicinity of the surface of the polycrystalline Si thin film 
is converted to a single-crystalline Si layer having a regulated crystal orientation. 

The temperature of the polycrystalline Si thin film 82 is adjusted to 550 • C, i.e., a level within a range 
suitable for growing a seed crystal. Therefore, the single-crystalline Si layer which is formed on the surface 

40 of the polycrystalline Si thin film 82 serves as a seed crystal, to be grown toward a deep portion of the 
polycrystalline Si thin film 82, Then, the overall region of the polycrystalline Si thiri film 82 is converted to a 
single-crystalline Si layer. Thus, a single-crystalline Si layer having a regulated crystal orientation is formed 
on the quartz substrate 11. The aforementioned Figs. 3A and 38 typically express the aforementioned 
formation of the single-crystalline Si layer and the process of its growth. 

45 As hereinabove described, the reflector 12 is preferably made of a metal, since Ne+ ions are converted 
to neutral atoms when an Ne+ ion current which is slightly mixed in the neutral Ne atom current .is reflected 
by the conductive reflector 12, so that the substrate 11 is irradiated with the as-converted neutral Ne atom 
current. The neutral atom current is advantageously incident upon the substrate 11 as a flow having a 
regulated direction since its direction of progress hardly diverges dissimilarly to an ion current. 

so In the process of irradiating the sample with the Ne atomic current, the rotation driving mechanism (not 

55 

shown) may be driven to rotate the sample holder 10. Thus, it is possible to improve homogeneity in 
distribution of an amount of irradiation on the polycrystalline Si thin film. 

(A-2-5. Valid Data> 

Description is now made on a test verifying formation of a single-crystalline thin film by the method 
according to the second preferred embodiment. Fig. 8 illustrate experimental data showing electron beam 
diffraction images of samples comprising polycrystalline Si02 substrates and single-crystalline Si thin films 

22 
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formed thereon on the basis of the aforementioned method. The sample was obtained by irradiating a 
substrate with four Ne atom current components using a reflector. 

In this sample, three-fold rotation-symmetrical diffraction spots were obtained as shown in Fig. 8. This 
verifies that the as-obtained sample was formed as single-crystalline Si having regulated crystal axes. Since 

s it was possible to convert a polycrystalline Si thin film having a polycrystalline structure of higher regularity 
in atomic arrangement than an amorphous structure to a single-crystalline Si thin film, it is conceivably 
decided possible to convert a thin film having an amorphous structure such as amorphous Si to a single
crystalline thin film, as a matter of course. 

10 (A-2-6. Methods of Forming Single-Crystalline Thin Films other than Si Thin Film} 

15 

20 

25 

30 

35 

40. 

45 

While the structure and the operation of the apparatus 101 have been described with reference to 
formation of a single-crystalline Si thin film, it is also possible to form single-crystalline thin films other than 
an Si thin film through the apparatus 101. 

Table 1 

Gas Material for Crystal Forming Step 

for GaAs 

Ion Beam Ar, Ne 

Element Ga(CHa)a 
As Ha 

Impurity Zn(CHa)a, Zn(C:!Hs)a (p-type) 
SiH4 (n-type) 

for GaN 

Ion Beam Ar, Ne, NHa 

Element Ga(CHa)a 
NHa 

Impurity Zn(CHa)a, Zn(C2Hs)a (p-type) 
SiH4 (n-type) 

for Si 

Ion Beam -Ne 

Element SiH4 
Si2HG 

Impurity· B2Ha (p-type) 
AsHa (n-type) 
PHa (n-type) 

Table 1 shows values of sputtering threshold energy in various combinations of types of atoms or ions . 
as applied and elements forming target thin films. In each combination, it is necessary .to apply an ion 
current or an atom current which is at a lower energy level than the as-listed threshold energy. As to thin 
films formed by compounds, refer to threshold energy levels related to elements having the maximum 

so atomic weights among the elements. The values shown in Table 1 have been obtained on the basis of 
simulation, unless otherwise stated. 

When the thin film as irradiated is formed not by a simple substance such as Si but a compound such 
as GaAs, for example, it is advisable to apply atoms which are lighter than an element having the maximum 
atomic weight. Further, beams of a compound such as those of N2 may be applied in place of beams of 

55 simple atoms, for example. In this case, an element (for example, N atoms) forming the compound is 
preferably lighter than the element having the maximum atomic weight forming the tnin film as irradiated. 
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<A-2-7. Other Examples of Reflector> 

Description is now made on other exemplary structures of the reflector. Figs. 9 and 1 OA to 1 OC illustrate 
a reflector 12b for forming a single-crystalline thin film having a diamond crystal structure whose (111) 

5 planes define densest planes, similarly to the reflector 12a shown in Fig. 5. Fig. 9 is a perspective view of 
the reflector 12b, and Figs. 1 OA to 1 OC illustrate three surfaces thereof. This reflector 12b is provided with a 
groove 31a for sliding the substrate 11 on an upper surface of a base 31 which is mounted on the sample 
holder 1 o. so that the substrate 11 is built in the base 31. Therefore, the substrate 11 is fixed to the groove 
31a when the same is irradiated, dissimilarly to the reflector 12a. Bottom surfaces of reflecting blocks 33 

10 are placed on the upper surface of the base 31, so that the reflecting blocks 33 are located on the substrate 
11. As shown in Fig. 1 OB, the angles of inclination of slopes 35 provided in the reflecting blocks 33 are set 
at 55 • , similarly to those of the reflector 12a. 

It is also possible to form a single-crystalline thin film having a crystal structure other than a diamond 
structure. In this case, still another reflector may be prepared to have a crystal structure which is suitable 

15 for the target crystal structure. Further, it is also possible to form a single-crystalline thin film having various 
crystal orientations in the same crystal structure .. In this case, a reflector which is suitable for respective 
crystal orientations is prepared, as hereinafter described. 

Figs. 11 A and 11 B illustrate an exemplary reflector 12c corresponding to a single crystal of a diamond 
structure. whose (100) planes are parallel to a substrate surface. Fig. 11A is a front sectional view taken 

20 along the line A - A in Fig. 11 B, which is a plan view showing the reflector 12c. A groove 42 is formed on 
an upper surface of a flat plate type base 41. The substrate 11 is inserted in this groove 42. Namely, the 
reflector 12c is adapted to receive the substrate 11, which cannot be relatively horizontally moved with 
respect to the reflector 12c when the same is irradiated. This base 41 is placed on the sample holder 10. 

Four reflecting blocks 43 are arranged on the base 41 around the substrate 11, to be perpendicularly 
25 adjacent to each other. A shielding plate 46 having openings 47 only above slopes 45 of the reflecting 

blocks 43 is set on upper surfaces of the reflecting blocks 43. An atom current or an ion current which is 
incident upon the shielding plate 46 downwardly from above passes through the openings 47 alone, to be 
entirely reflected by the slopes 45. Namely, only four components of the atom current or the ion current as 
reflected are incident upon the substrate 11, with no presence of a component which is directly incident 

30 from the above. The angles of inclination of the slopes 45 are set at 62.63 •. Therefore, the directions of 
incidence of the four components match with directions perpendicular to four (111) planes, which are 
independent of each other, in the crystal of the diamond structure. 

Figs. 12A and 128 illustrate a reflector 12d corresponding to a single crystal of a diamond structure 
whose (110) planes are parallel to a substrate surface. Fig. 12A is a front sectional view taken along the line 

35 B - B in Fig. 128, which is a plan view showing the reflector 12d. A groove 52 is formed on an upper 
surface of a base 51 having an angle of inclination of 35 •. The substrate 11 is inserted in this groove 52. 
Namely, this reflector 12d is adapted to receive the substrate 11, which cannot be relatively horizontally 
moved with respect to the reflector 12d when the same is irradiated. This base 51 is placed on the sample 
holder 10. 

40 A single reflecting block 53 is arranged on the base 51. A slope 55 of the reflecting block 53 is set at 
an angle of inclination of 90 • with respect to the upper surface of the base 51. Therefore, an atom current 
or an ion current which is incident from above is divided into two components including that which is 
directly incident upon the substrate 11 at an angle of incidence of 35 • and that which is reflected by the 
slope 55 and incident from an opposite side similarly at an angle of incidence of 35 • . Directions of 

45 incidence of these components match with directions which are perpendicular to two independent planes 
among four independent (111) planes in the crystal of a diamond structure. Namely. these two components 
define directions of two densest planes which are independent of each other, whereby it is possible to form 
a single-crystalline thin film of a diamond structure having a regulated crystal orientation so that the (110) 
planes are parallel to the substrate surface by employing the reflector 12d. 

50 

<A-3. Third Preferred Embodiment> 

A third preferred embodiment of the present invention is now described. 

55 <A-3-1. Overall Structure of Apparatus) 

Fig. 13 is a front sectional view showing a structure of a single-crystalline thin film forming apparatus 
100 for effectively implementing a method of forming a single-crystalline thin film according to a preferred 

24 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 726 of 1543



EP 0 652 308 A2 

embodiment of the present invention. In Fig. 13, the identical numerals are employed with Fig. 4 to 
represent the identical components, and therefore, the detailed description of the numerals in Fig. 13 is 
omitted. Similarly to the apparatus 101 , the apparatus 100 comprises a reaction vessel 1, and an electron 
cyclotron resonance (ECR) ion generator 2 which is built in an upper portion of the reaction vessel 1. In the 

5 interior of the reaction chamber 8, a sample holder 1 O is arranged on a position immediately under the 
outlet 9. In this apparatus 101, the sample holder 10 is not required to comprise a heater. A substrate 11 is 
placed on the sample holder 10, while a reflector 12 is placed to be located above the substrate 11. The 
substrate 11 , which is a flat plate of a material having a polycrystalline structure or an amorphous structure, 
is one of elements forming a sample. A desired single-crystalline thin film is formed on this substrate 11 . 

10 The reflector 12a (Fig. 5, Figs. 6A to 6C), 12b (Fig. 9, Figs. 1 OA and 1 OB), 12c (Figs. 11 A and 110) or 12b 
(Figs. 12A and 128) can be adopted as the reflector 12. 

The reaction chamber 8 communicates with reaction gas supply pipes 13. Reaction gases are supplied 
through the reaction gas supply pipes 13, for forming a thin film of a prescribed material on the substrate 
11 by plasma CVD. The preferred embodiment shown in Fig. 1 is provided with three reaction gas supply 

15 pipes 13a, 13b and 13c. Similarly to the apparatus 101, an end of the evacuation pipe 14 is coupled with a 
vacuum unit (not shown) to evacuate the reaction chamber 8 through the evacuation pipe 14, thereby 
maintaining the reaction chamber 8 at a prescribed degree of vacuum. 

20 

(A-3-2. Operation of Apparatus 100> 

The operation of the apparatus 100 is now described. It is assumed that the reflector 12 is implemented 
by the reflector 12a shown in Figs. 5 and 6A to 6C and the substrate 11 is prepared from polycrystalline 
SiO:z (quartz), so that a thin film of single-crystalline Si is formed on the quartz substrate 11. The reaction 
gas supply tubes 13a, 13b and 13c supply Si~ (silane) gas for supplying Si, which is a main material for 

25 the single-crystalline Si, and B2Ha (diborane) gas and PHs (phosphine) gas for doping the substrate 11 with 
p-type and n-type impurities respectively. An inert gas which is. introduced from the inert gas inlet pipe 7 is 
preferably prepared from Ne gas having a smaller atomic weight than Si atoms. 

Due to the action of the ECR ion generator 2, an Ne+ ion current and an electron stream are formed 
downwardly from the outlet 9. The distance between the outlet 9 and the reflector 12a (12) is preferably set 

30 at a sufficient level for substantially converting the Ne+ ion current to a neutral Ne atom current. The 
reflector 12a (12) is set in a position receiving the downwardly directed Ne atom current. The silane gas 
which is supplied from the reaction gas supply tube 13a is dashed against the Si02 substrate 11 by the 
Ne+ ion current or .the Ne atom current. Consequently, .a plasma CVD reaction progresses on the upper 
surface of the Si02 substrate 11, to grow a thin film formed by Si which is supplied by the silane gas, i.e., 

35 an Si thin film. On the other hand, the diborane gas or the phosphine gas is supplied with a properly 
adjusted flow rate, whereby a plasma CVD reaction caused by this gas also progresses to form the Si thin 
film containing B (boron) or P (phosphorus) in desired density. 

The Si02 substrate 11 is not heated and hence maintained substantially at an ordinary temperature, 
whereby the Si thin film is grown substantially under the ordinary temperature. In other words, the Si thin 

40 film is formed at a temperature not more than a level facilitating crystallization by plasma CVD. Thus, the Si 
thin film is first formed as an amorphous Si film by plasma CVD. 

A part of the downwardly directed Ne atom current is reflected by the three slopes 25 which are formed 
in the reflector 12a, to be incident upon the upper surface of the SiO:z substrate 11 through the opening 24. 
Another part of the Ne atom current is not incident upon the slopes 25 but directly incident upon the upper 

45 surface of the Si02 substrate 11 through the opening 24. In other words, the Si thin film being formed on 
the upper surface of the Si02 substrate 11 is irradiated with four Ne atom current components, i.e., a 
component straightly received from the outlet 9 and three components reflected by the three slopes 25. 
Since the angles of inclination of the slopes 25 are set at 55 • , directions of incidence of the four Ne atom 
current components correspond to four directions which are perpendicular to four independent densest 

50 crystal planes of the Si single crystal to be formed, i.e., (111) planes. 
The energy of the plasma which is formed by the ECR ion generator 2 is so set that the Ne atoms 

reaching the SiO:z substrate 11 are at energy levels causing no sputtering in the as-formed Si thin film, i.e., 
levels lower than the threshold energy level in sputtering of Si by irradiation with Ne atoms ( = 27 eV). 
Therefore, the law of Bravais acts on the as-grown amorphous Si thin film. Namely, the Si atoms in the 

55 amorphous Si are rearranged so that planes which are perpendicular to the Ne atom current components 
applied to the amorphous Si define densest crystal planes. Since the Ne atom current as applied has four 
components which are incident in directions corresponding to those perpendicular to the densest planes of 
the single-crystalline Si having a single crystal orientation, the Si atoms are so rearranged that all planes 

25 
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perpendicular to the directions of incidence of the respective components define the densest planes. The 
directions of the (111) planes are controlled by the plurality of components of the Ne atom current having 
directions of incidence which are independent of each other, whereby single-crystalline Si having a single 
crystal orientation is formed by such rearrangement of the Si atoms. In other words, the amorphous Si thin 

5 film being grown by plasma CVD is sequentially converted to a single-crystaliine Si thin film having a 
regulated crystal orientation. 

The diborane gas or the phosphine gas is supplied by the reaction gas supply pipe 13b or 13c 
simultaneously with the silane gas, thereby forming a p-type or n-type single-crystalline Si thin film 
containing B or P. It is also possible to form an equiaxed n-type single-crystalline Si layer on a p-type 

10 single-crystalline Si layer, for example, by alternating these reaction gases containing impurity elements. 
As hereinabove described, the SiO:i substrate 11 is not heated and the Si thin film is formed under a 

temperature which is lower than that facilitating crystallization by plasma CVD. This is because the. crystal 
orientation is arbitrarily directed regardless of the directions of the Ne atom current components and cannot 
be controlled while a polycrystal is inevitably formed under a high temperature facilitating crystallization of 

15 Si by plasma CVD alone with no application of the Ne atom current components. 
As described in the first preferred embodimen,, Ne which is lighter than Si atoms is preferably selected 

as an element forming the atom current which is applied to the Si thin film. As described in the second 
preferred embodiment, the reflector 12 is preferably made of a metal. 

In the apparatus 100, conversion to a single crystal sequentially progresses at the same time in the 
20 process of growth of the Si thin film by plasma CVD. Thus, it is possible to form a single-crystalline Si thin 

film having a large thickness under a low temperature. Since a single-crystalline thin film can be formed 
under a low temperature, it is possible to further form a new single-crystalline thin film on a substrate which 
is already provided with a prescribed device without changing properties of the device, for example. 

Thus, it is possible to form a single-crystalline thin film not only on a substrate which serves only as a 
25 support member for a thin film but on a substrate of a device having a prescribed structure and functions in 

this apparatus 100. 
An experimental test was performed in order to verify the formation of a single-crystalline thin film by 

the aforementioned method. A similar electron beam diffraction image to that shown in Fig. 8 was observed 
for a sample comprising polycrystalline SiO:i substrates and single-crystalline Si thin films formed thereon. 

30 This verifies that the sample obtained by use of the reflector 12 was formed as single-crystalline Si 

35 

having regulated crystal axes. Since it was possible to form a single-crystalline Si thin film on an Si02 
substrate of a polycrystalline structure having higher regularity than an amorphous structure in atomic 
arrangement, it is conceivably decided possible to form a single-crystalline thin film on a substrate having 
an amorphous structure, such as an amorphous Si substrate, as a matter of course. 

(A-3-3. Preferred Methods of Forming Single-Crystalline Thin Films other than Si Thin Film) 

While the structure and the operation of the apparatus 100 have been described with reference to 
formation of a single-crystalline thin film, it is also possible to form single-crystalline thin films other than an 

40 Si. thin film through the apparatus 100. Tables 2 to 5 show conditions for forming semiconductor single
crystalline thin films having relatively high. demands, including the Si thin film as already described, for 
example. Table 2 shows types of inert gases and reaction gases as supplied. 

45 

50 

55 

Tables 3 to 5 show reaction gas flow rates, inert gas flow rates and other process control conditions in 
formation of respective semiconductor single-crystalline thin films. 

26 
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Table 2 

Threshold Energy 

.5 Target Incident Ion ("Actually Measured Value) 

He Ne Ar Kr Xe Hg Hg (Actually Measured Value) 

Al 127 59 59 77 100 136 120 - 140 
Si 60 27 27 35 45 61 60- 70 

10 25* 
GaAs 25* 
Ge 225 66 49 45 48 57 40- 50 
Ta 1620 385 233 233 159 147 120 - 140 
w 1037 245 147 100 89 87 89- 87 

15 Pt 850 198 118 79 69 67 70- 90 

Table 3 

20 

Process Control Condition for Forming Si 

Gas Flow Rate 

SiH4 or Si2H6 5sccm (1 x 1 o-s - 4 x 1 o-s mol/min) 
25 AsH3 (Diluted to 10% with Ne) 5sccm (5 x 10-7 mol/min) for n-type Crystal 

B2H6 (Diluted to 10% with Ne) 5sccm (5 x 10-7 mol/min) for p-type Crystal 
Ne (for ECR Chamber) 25sccm (1 x 10-3 mol/min) 

Substrate Temperature (Si02 Substrate) Room Temperature 

30 Degree of Vacuum 

Back Pressure - 10-1 Torr 
Operating Pressure 1 x 10-4 - 4 x 10-4 Torr 

Microwave Power (2.34 GHz) 300W 
35 

Growth Rate 2 u/hr 

40 

45 

50 

55 
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Tab.le 4 

Process Control Condition for Forming GaN 

5 Gas Flow rate 

TMG (Trimethyl Gallium) Bubbler employed. Held at -12 • C - 10 • C 
Carrier Gas N2 5sccm (1 x 10-s - 4 x 10-s mol/min) 

NHs 10sccm (4 x 10-4 mol/min) 
DMZ (Dimethyl Zinc) for Forming p-type Crystal 
Carrier Gas N2 5sccm (1 x 1 o-s - 2.4 x 1 o-s mol/min) 10 

SiH4 for Forming n·type Crystal 
(Diluted to 10% with Ne) 5sccm (1 x 10-s - 2.4 x 10-s mol/min) 
Ne (For ECR Chamber) 15ccm (7 x 10-4 mol/min) 

15 Substrate Temperature (Si Substrate) 370 ~c 

Degree of Vacuum 

Back Pressure - 10-7 Torr 
Operating Pressure 1 x 10-4 - 4 x 10-4 Torr 

20 
Microwave Power (2.34 GHz) 300W 

Growth Rate 0.1 - 0.3 Ulhr 

25 
Table 5 

Process Control Condition for Forming GaAs 

Gas Flow rate 
30 

TMG (Trimethyl Gallium) Bubbler employed. Held at -12 • C - 10 • C 
Carrier Gas Ar 5sccm (1 x 10-s - 4 x 10-s mol/min) 
AsH3 (Diluted to 10°/o with Ar) 1 Osccm (4 x 10-4 mol/min) 
DMZ (Dimethyl Zinc) for Forming p-type Crystal 

35 Carrier Gas Ar 5sccm (1 x 1 o-s - 2.4 x 1 o-s mol/min) 
H2Te for Forming n-type Crystal 
(Diluted to 10% with Ar) 5sccm (1 x 10-s - 2.4 x 10-s mol/min) 
Ar (For ECR Chamber) 15ccm (7 x 10-4 mol/min) 

Substrate Temperature (Si Substrate) soo ·c 
40 

Degree of Vacuum 

Back Pressure - 10-7 Torr 
Operating Pressure 1 x 10-4 - 4 x 10-4 Torr 

45 Microwave Power (2.34 GHz) 300W 

Growth Rate 0.1 - 0.3 ulhr 

Thus, in each of the apparatuses 100 and 101, it is possible to form not only the aforementioned Si · 
50 single-crystalline thin film but various types of single-crystalline thin films on substrates such as compound 

single-crystalline thin films of GaAs, GaN and the like and a single-crystalline thin film of an insulator such 
as SiO:!, for example. 

55 

<A-4. Modifications of First to Third Preferred Embodiments) 

(1) In the first or second preferred embodiment, in order to form single-crystalline thin film of GaN, for 
example, a polycrystalline GaN film may be first grown on an Si substrate by general CVD. Thereafter, 
by use of the apparatus 101, for example, N2 (nitrogen) gas or NHa (ammonia) gas containing N atoms 
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may be introduced into the inert gas inlet pipe 7, to irradiate the GaN thin film with a molecular flow of 
the gas or a dissociated N atom current. N atoms which may remain in the interior of GaN are 
assembled into the single crystal as an element forming GaN, and hence there is no· possibility of 
exerting a bad influence on properties of GaN. 

5 (2) In the first or second preferred embodiment, in order to form a GaAs single-crystalline thin film, a 
GaAs polycrystalline thin film may be first grown on an Si substrate by general molecular beam epitaxy, 
so that conditions identical to those for forming an Si single-crystalline thin film are employed except that 
the substrate temperature is maintained at 500 • C, the gas as applied is prepared from low-priced Ar gas 
and the reflector is prepared from a Ta plate. It was possible to obtain a GaAs single-crystalline thin film 

10 by this method. 
(3) In the third preferred embodiment, in order to form single-crystalline thin film of GaN, for example, N2 
(nitrogen) gas or NH3 (ammonia) gas containing N atoms may be introduced into the inert gas inlet pipe 
7 .of the apparatus 100, to irradiate the GaN thin film with a molecular flow of the gas or a dissociated N 
atom current. Nitrogen which may remain in the interior of GaN is assembled into the single crystal as an 

15 element forming GaN, and hence there is no possibility of exerting a bad influence on properties of GaN. 
(4) In place of the reflector 12, ECR ion generators 2 may be provided in a number corresponding to that 
of components of an atom current which is applied to the thin film, to directly apply the atom current 
from the ECR ion generators 2 to the thin film. As compared with this method, however, the method 
shown in Fig. 4 or Fig. 13 employing a single ECR ion generator 2 and a single reflector 12 is superior 

20 since the apparatus can be simplified in structure and it is possible to maintain a high degree of vacuum 
in the reaction chamber 8. 

In the apparatus 100, further, the ECR ion generator 2 also serves as an energy source which is 
required for providing energy to the reaction gas for carrying out plasma CVD. Namely, the method 
shown in Fig. 13 employing a single ECR ion generator 2 and a single reflector 12 has a specific 

25 advantage such that the same can be carried out by simply adding the reflector 12 to a structure which 
is originally necessary for carrying out plasma CVD. 
(5) The ECR ion generator 2 rriay be replaced by another ion source such as a Cage type or Kaufmann 
type one. In this case, however, flow of the as-formed ion current is inclined to be diffused by repulsion 
caused by static electricity between ions, leading to reduction of directivity. Therefore, it is desirable to 

30 provide means for neutralizing ions and converting the same to an atom current or means for improving 
the directivity such as a collimator in a path of the ion current. When an electrical insulating substrate is 
employed as the substrate 11, in particular, it is desirable to provide the means for neutralizing ions in 
order to prevent the progress of irradiation from being disabled due to storage of charges in the 
substrate 11. Alternatively, the reflector 12 may be made of a conductive material such as a metal, to 

35 simultaneously carry out reflection of the ion current and conversion to a neutral atom current. 
In the aforementioned method employing the ECR ion generator 2, on the other hand, a neutral atom 

current can be easily obtained in a form close to a parallel current with no employment of means for 
neutralizing the ion current. Therefore, the thin film can be easily irradiated with an atom current having high 
incidence angle accuracy. Since a neutral atom current is mainly incident upon the thin film, further, the 

40 substrate 11 can be prepared from an insulating substrate such as an Si02 substrate. 

<A-5. Fourth Preferred embodiment} 

Next, an apparatus according to a fourth preferred embodiment of the present invention is described. 
45 Fig. 14 is a front sectional view showing the overall structure of an axially oriented polycrystalline thin 

film forming apparatus 122 according to the fourth preferred embodiment. This apparatus 122 is adapted to 
grow a thin film of a prescribed material on a substrate and to simultaneously convert the thin film to a 
uniaxially oriented polycrystalline thin film, thereby forming an axially oriented polycrystalline thin film on 
the substrate. This apparatus 122 is characteristically different from the apparatus 100 shown in Fig. 13 in 

50 that a reflector 12 is not provided therein. 
Referring to Fig. 14, the operation of the apparatus 122 is now described. It is assumed that the 

substrate 11 is prepared from polycrystalline Si~ (quartz), so that a thin film of single-crystalline Si is 
formed on the quartz substrate 11. The reaction gas supply tubes 13a. 13b and 13c. supply SiH4 (silane) 
gas for supplying Si, which is a main material for the single-crystalline Si, and 8:2 Ha (diborane) gas and PHa 

55 (phosphine) gas for doping the substrate 11 with p-type and n-type impurities respectively. The inert gas 
introduced from the inert gas inlet pipe 7 is preferably prepared from Ne gas, which has smaller atomic 
weight than Si atoms and is inert gas. 
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Due to the action of the ECR ion generator 2, an Ne+ ion current and an electron current are formed 
downwardly from the outlet 9. The distance between the outlet 9 and the substrate 11 is preferably set at a 
value which is sufficient for converting most part of the Ne+ ion current to a neutral Ne atom current. The 
silane gas which is supplied from the reaction gas supply tube 13a is dashed against the substrate 11 by 

5 the Ne+ ion current or the Ne atom current. Consequently, a plasma CVD reaction progresses on the upper 
surface of the substrate 11, to grow a thin film formed by Si which is supplied by the silane gas, i.e .. an Si 
thin film. On the other hand, the diborane gas or the phosphine gas is supplied with a properly adjusted 
flow rate, whereby a plasma CVD reaction caused by this gas also progresses to form the Si thin film 
containing B (boron) or P (phosphorus) in desired density. 

10 The substrate 11 is not heated and hence maintained substantially at an ordinary temperature. 
Therefore, the Si thin film is grown substantially under the ordinary temperature. In other words, the Si thin 
film is formed at a temperature not more than a level facilitating crystallization by plasma CVD. Thus, the Si 
thin film is first formed as an amorphous Si film by plasma CVD. 

The aforementioned downwardly directed Ne atom current is perpendicularly incident upon the upper 
15 surface of the substrate 11. Namely, the Si thin film being formed on the upper surface of the substrate 11 

is irradiated with the Ne atom current which is linearly discharged from the outlet 9. 
The energy of the plasma which is formed by the ECR ion source 2 is so set that the energy of Ne 

atoms reaching the substrate 11 is at a value causing no sputtering in the Si thin film, i.e., lower than the 
threshold energy ( = 27 eV) in sputtering of Si by irradiation with Ne atoms. Therefore, the so-called law of 

20 Bravais acts on the amorphous Si thin film as being grown. Namely, the Si atoms in the amorphous Si are 
rearranged so that a plane which is perpendicular to the direction of incidence of the Ne atom current 
applied to the amorphous Si defines the densest crystal plane, i.e., the (111) plane. 

In other words, the amorphous Si thin film being grown by plasma CVD is sequentially converted to a 
polycrystalline Si thin film in which directions of crystal axes perpendicular to a single densest plane are 

25 regulated in a direction perpendicular to the surface of the substrate 11 , i.e., a uniaxially oriented 
polycrystalline crystalline Si thin film. Consequently, a polycrystalline Si thin film is formed on the substrate 
11, so that a (111) plane is exposed on the surface of any crystal grain forming this polycrystalline 
structure. 

The diborane gas or the phosphine gas is supplied by the reaction gas supply pipe 13b or 13c 
30 simultaneously with the silane gas, thereby forming a p-type or n-type uniaxially oriented polycrystalline Si 

thin film containing B or P. 
In the apparatus 122, portions which may be irradiated with the Ne atom current or the Ne ion current 

before neutralization, such as the inner wall of the reaction vessel 1 and the upper surface of the sample 
holder 10, for example, are made of materials causing no sputtering by the irradiation. In other words, the 

35 same are made of materials having higher threshold energy values than the energy of the Ne ion current. 
Therefore, no sputtering is caused in these members by irradiation with the Ne atom current or the Ne ion 
current. whereby the thin film is prevented from contamination with material elements forming these 
members. Further, these members are prevented from damage caused by sputtering. 

Since the energy of the Ne ion current is set to be lower than the threshold energy in the Si thin film to 
40 be formed, the reaction vessel 1, the sample holder 10 and the like may be made of materials, such as Ta, 

W, pt and the like shown in Table 2, for example, having threshold energy values which are higher than that 
of the Si thin film in Ne irradiation. Alternatively, the surfaces of these members, such as the inner wall of 
the reaction vessel 1 and the surface of the sample holder 10, for example, may be coated with materials 
such as Ta having high threshold energy, to obtain a similar effect. 

45 While the structure and the operation of the apparatus 122 have been described with reference to 
formation of an Si thin film, it is also possible to form an axially oriented polycrystalline thin film of a 
material other than Si. For example, it is also possible to form a GaAs thin film. In this case, reaction gases 
supplied from the reaction gas supply pipes 13a, 13b and 13c are prepared from reaction gases containing 
Ga(CHa)a etc., which are suitable for formation of GaAs. While GaAs is a compound consisting of two 

50 elements, an element for forming the ion current or the atom current as applied may be prepared from an 
element such as Ne or Ar, for example, which is lighter than As having larger atomic weight in these two 
elements. The irradiation energy is similarly set to be lower than the threshold energy which is related to As 
having large atomic weight. 

When the thin film to be formed is made of a plurality of elements, the element forming the ion current 
55 or the atom current as applied may be prepared from that which is lighter than that having the maximum 

atomic weight among the plurality of elements, in general. The irradiation energy is similarly set to be lower 
than threshold energy which is related to the element having the maximum atomic weight. In this case, the 
surface of the member such as the sample holder 10 which is irradiated with the ion current or the atom 
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current in the apparatus 122 may be made of a material having higher threshold energy than the material 
for the thin film. 

Alternatively, the surface may be made of the same material as the thin film. When the apparatus 122 is 
structured as that for forming an axially oriented polycrystalline thin film of Si, for example, the surface of 

5 the sample holder 10 etc. may be coated with Si. In this case, no contamination of the Si thin film is caused 
by a different element even if sputtering is caused in the sample holder 10 or the like. 

Further, the surface of the member such as the sample holder 10 which is irradiated with the ion current 
or the atom current may be made of a material containing an element which is heavier than that forming the 
ion current or the atom current as applied. In this case, the element forming the ion current or the atom 

10 current hardly penetrates into the member following application of the ion current or the atom current. Thus, 
deterioration of the member caused by penetration of a different element is suppressed. 

In the apparatus 122, conversion to a uniaxially oriented polycrystalline film sequentially progresses 
simultaneously with growth of the Si thin film by plasma CVO. Thus, it is possible to form an axially oriented 
polycrystalline Si thin film having a large film thickness under a low temperature. Since the axially oriented 

15 polycrystalline thin film can be formed under a low temperature, it is possible to form a uniaxially oriented 
crystalline thin film on a substrate which is already integrated with a prescribed device, for example, without 
changing characteristics of this device. 

In the above description, the substrate 11 is horizontally placed on the sample holder 1 o, whereby the 
atom current is perpendicularly incident upon the substrate 11. When an axially oriented polycrystalline thin 

20 film of Si, for example, is formed on the substrate 11, therefore, the surface of the thin film is defined by a 
(111) plane. However, it is also possible to form an axially oriented polycrystalline thin film of Si in which 
(111) planes are uniformly oriented in a desired direction which is inclined with respect to the surface of the 
thin film, by placing the substrate 11 on the sample holder 1 O in an inclined manner. 

The sample holder 10 may be coupled to a rotary mechanism or the like, to be capable of horizontally 
25 rotating the substrate 11. Alternatively, the sample holder 10 may be coupled to a horizontal moving 

mechanism or the like, to be capable of horizontally moving the substrate 11 . Thus, it is possible to 
uniformly form a uniaxially oriented thin film on the substrate 11. 

30 

(A-1-4. Valid Data} 

Description is now made on a test verifying formation of an axially oriented polycrystalline thin film by 
the aforementioned method. Fig. 15 illustrates experimental data showing an electron beam diffraction 
image of a sample comprising an axially oriented polycrystalline Si thin film formed on a polycrystalline 
quartz substrate 11 on the basis of the aforementioned method. In this verification test, the surface of the 

35 substrate 11 was perpendicularly irradiated with an Ne atom current. 
As shown in Fig. 15, a diffraction spot appears on a single point. and is continuously distributed along a 

circumference around the same. Namely, the result of the experiment indicates that a single (111) plane of 
the Si thin film as formed is oriented to be perpendicular to the direction of incidence of the atom current. 
while orientation around the direction of incidence is arbitrary and not regulated in one direction. Namely, it 

40 is verified that this sample is formed as polycrystalline Si in which only a single crystal axis is regulated, 
i.e., as axially oriented polycrystalline Si. · 

Since it was possible to form an axially oriented polycrystalline Si thin film on the quartz substrate 11 
having a polycrystalline structure which is higher in regularity in atom arrangement than an amorphous 
structure, it can be decided possible to form an axially oriented polycrystalline thin film on a substrate 

45 having an amorphous structure of amorphous Si or the like, as a matter of course. It can also be decided 
possible to form an axially oriented polycrystalline thin film on a substrate having a single-crystalline 
structure which is equivalent to a structure obtained by enlarging polycrystal grains, similarly to the above. 

<A-6. Fifth Preferred embodiment> 
50 

A fifth preferred embodiment of the present invention is now described. 

(A-6-1 . Overall Structure of Apparatus} 

55 Fig. 16 is a front sectional view showing the overall structure of an apparatus 120 according to the fifth 
preferred embodiment. This apparatus 120 is, similarly to the apparatus 100 shown in Fig. 13, an apparatus 
for forming single-crystalline thin film which is adapted to grow a thin film of a prescribed material on a 
substrate and to simultaneously convert the thin film to a single-crystalline thin film, thereby forming a 
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single-crystalline thin film on the substrate. This apparatus 120 is characteristically different from the 
apparatus 100 shown in Fig. 13 in structure of the reflector 12. Furthermore, each part of the apparatus 103 
is composed of specific materials, as described later. 

The reflector 12e is adapted to reflect an atom current which is supplied from an ECR ion source 2, 
5 thereby irradiating a substrate 11 with the atom current from a plurality of directions. Therefore, the reflector 

12e is set to be located immediately under an outlet 9 above the substrate 11 . 

<A-6-2. Structure and Function of Reflector} 

10 Fig. 17 is a perspective view showing a preferable example of the reflector 12e. Fig. 18 is a plan view 
of the reflector 12e shown in Fig. 17, and Figs. 19 and 20 are exploded views. With reference to these 
figures, the example of the reflector 12e is now described. 

This reflector 12e is an exemplary reflector for forming a single crystal such as single-crystalline Si, 
having a diamond structure. The reflector 12e defines an equilateral hexagonal opening in a central portion 

15 of a flat plate type screen plate 151. Three reflecting blocks 153 are fixedly provided on a lower surface of 
the screen plate 151, to enclose the opening. These reflecting blocks 153 are fastened to the screen plate 
151 by screws passing through holes 157 to be fitted with screw holes 158. Consequently, an equilateral 
triangular opening 154 which is trimmed with these reflecting blocks 153 is defined immediately. under the 
opening of the screen plate 151. . 

20 The atom current which is applied from above is selectively screened by the screen plate 151, to pass 
only through the equilateral hexagonal opening. In the reflecting blocks 153, slopes 154 facing the opening 
154 serve as reflecting surfaces for reflecting the gas beam. As shown in Fig. 18 in a plan view, the three 
slopes 155 are selectively exposed on the equilateral hexagonal opening of the screen plate 151 
respectively. Therefore, the atom current which is applied from above is divided into four components in 

25 total including a first component passing through the opening 154 to be directly perpendicularly incident 
upon the substrate 11 and second to fourth components reflected by the three slopes 155 respectively to 
be incident upon the substrate 11 from oblique directions. 

As shown in Fig. 18, each of three corners of the equilateral triangular opening 154 coincides with every 
other corner of the equilateral hexagonal opening, as viewed from above. In other words, the three slopes 

30 155 are selectively exposed on three isosceles triangles having adjacent pairs of sides of the equilateral 
hexagonal opening as isosceles sides. This prevents multiple reflection by the plurality. of slopes 155, while 
enabling uniform irradiation of the substrate 11 with the respective atom current components. This is now 
described with reference to Figs. 21 and 22. 

Fig. 21 is a plan view of the reflector 12e, which is similar to Fig. 18. Fig. 22 is a sectional view taken 
35 along the line A - A in Fig. 21. As shown in Figs. 21 and 22, an atom current which is incident upon a 

position (B in the figures) on one slope 155 corresponding to the apex of the equilateral triangle is reflected 
and then incident upon an opposite apex (C in the figures) of the equilateral triangular opening 154. 
Assuming that D represents an intersection between one side of the opening 154 and the line A - A, an 
atom current which is applied across the points B and D on the slope 155 is uniformly distributed across 

40 the points D and C of the opening 154. 
This also applies to an atom current which is· applied onto an arbitrary line E - E deviating in parallel 

with the line A - A. Namely, the atom current which is discharged from the outlet 9 is selectively supplied 
onto the slopes 155 by the screen plate 151, whereby as-reflected atom currents of three components are 
uniformly incident upon a region of the substrate 11 which is located immediately under the opening 154. 

45 Each atom current which is supplied to one slope 155 through the equilateral hexagonal opening is 
entirely incident upon the opening 154, and is not incident upon the adjacent slope 155. Thus, no 
components multiplexly reflected by the plurality of slopes 155 are incident upon the substrate 11. 

The angle of inclination of each slope 155 is set at 55 •, for example, as shown in Fig. 22. The atom 
current which is reflected by each slope 155 is incident upon the substrate 11 which is located immediately 

5o under the opening 154 at an angle of incidence of 70 •. Namely, the first component is perpendicularly 
incident upon the substrate 11, while the second to fourth components are incident upon the same at 
angles of incidence of 70 • in directions which are three-fold symmetrical about the direction of incidence of 
the first component. At this time, the directions of incidence of the first to fourth components correspond to 
four directions which are perpendiculiu to four (111) planes, being densest planes of the Si single crystal. 

55 
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(A-6-3. Operation of Apparatus> 

Referring again to Fig. 16, the operation of the apparatus 120 is now described. It is assumed that the 

reflector 12e is prepared from that shown in Figs. 17 to 20, and the substrate 11 is prepared from 

5 polycrystalline Si(h (quartz), so that a thin film of single-crystalline Si is formed on the quartz substrate 11. 

It is also assumed that the slopes 155 in the reflector 12e are set at 55 • . 
Reaction gas supply pipes 13a, 13b and 13c supply SiH4 (silane) gas for supplying Si, which is a niain 

material for the single-crystalline Si, and &.! H3 (diborane) gas and PH3 (phosphine) gas for doping the 

substrate 11 with p-type and n-type impurities respectively. Inert gas which is introduced from an inert gas 

10 inlet pipe 7 is preferably prepared from Ne gas, which has smaller atomic weight than Si atoms. 
Due to the action of an ECR ion generator 2, an Ne+ ion current and an electron current are formed 

downwardly from the outlet 9. The distance between the outlet 9 and the reflector 12e is preferably set at a 
value sufficient for converting most part of the Ne+ ion current to a neutral Ne atom current. 

Thus, a plasma CVD reaction progresses on the upper surface of the substrate 11 similarly to the 

15 apparatus 122 shown in Fig. 13, to grow an amorphous Si thin film. On the other hand, the diborane gas or 
the phosphine gas is supplied with a properly adjusted flow rate, whereby a plasma CVD reaction caused 
by this gas also progresses to form the Si thin film containing B (boron) or P (phosphorus) in desired 

density. 
At the same time, the amorphous Si thin film which is being formed on the substrate 11 is irradiated 

20 with . the four components of the Ne atom current, by the action of the reflector 12e. As hereinabove 
described, directions of incidence of these four components correspond to directions which are perpendicu

lar to four (111) planes of an Si single crystal. Similarly to the apparatus 122, further, the energy of plasma 
which is formed by the ECR ion source 2 is so set that the energy of Ne atoms reaching the substrate 11 is 

at a value causing no sputtering in the Si thin film, i.e., lower than the threshold energy ( = 27 eV) in 
25 sputtering of Si by irradiation with Ne atoms. Therefore, the amorphous Si thin film being grown by plasma 

CVD is sequentially converted to a single-crystalline Si thin film having a regulated crystal orientation, 
similarly to the apparatus 100. Consequently, a single-crystalline Si thin film having a regulated crystal 

orientation is finally formed on the substrate 11 . This single-crystalline Si thin film has a (111) plane on its 

surface. 
30 In the apparatus 120, due to employment of the reflector 12e, no multiple reflection of the atom currant 

is caused by the plurality of slopes 155. Thus, the substrate 11 is irradiated with no atom current from a 
direction other than the prescribed four directions. Further, the reflector 12e implements uniform irradiation 
of the substrate 11 with the atom current, whereby the substrata 11 is uniformly irradiated with the atom 

current from the prescribed four directions. Thus, the single-crystalline Si thin film is uniformly formed on 

35 the substrate 11 . 
In the apparatus 120, portions which may be irradiated with the Ne atom current or an Ne ion current 

before neutralization, such as the reflector 12e, the inner wall of the reaction vessel 1 and the sample holder 

10, for example, are made of materials causing no sputtering by the irradiation, i.e., materials having higher 
threshold energy values than the energy of the Ne ion current, such as Ta, W, Pt or the like shown in Table 

40 2, for example. Therefore, no sputtering is caused in these members by irradiation with the Ne atom current 
or the Ne ion current, whereby the thin film is prevented from contamination with material elements forming 

these members. 
Alternatively, surfaces of the members irradiated with the Ne atom current such as the upper surface of 

the screen plate 151 and the slopes 155 may be coated with materials such as Ta having high threshold 

45 energy, to attain a similar effect. 
While the structure and the operation of the apparatus 120 have bean described with reference to 

formation of an Si thin film, it is also possible to form an axially oriented polycrystalline thin film of a 

material other than Si. For example, it is also possible to form a GaAs thin film. It is possible to form a 

single-crystalline thin film of an arbitrary material having a desired crystal structure and a desired crystal 

50 orientation by properly changing the structure of the reflector 12e such as the angles of inclination and the 

number of the slopes 155. The surface of the reflector 12e etc. is made of a material having higher 

threshold energy than that of the thin film. 
Alternatively, the surface of the reflector 12e etc. may be made of the same material as that for the thin 

film. When the apparatus 120 is structured as an apparatus for forming a single-crystalline thin film of Si, for 

55 example, the surface of the reflector 12e etc. may be coated with Si. In this case, no contamination of the Si 

thin film is caused by a different element even if sputtering is caused in the reflector 12e or the like. 
Further, the surface of the reflector 12e etc. may be made of a material containing an element which is 

heavier than that forming the ion current or the atom current as applied. Thus, the element forming the ion 
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current or the atom current hardly penetrates into the members following irradiation with the ion current or 
the atom current. Thus, these members are inhibited. from deterioration caused by penetration of the 
different element. 

5 <A-7. Sixth Preferred Embodiment} 

An apparatus according to a sixth preferred embodiment of the present invention is now described. 
Figure 13 is a front sectional view showing the overall structure of the apparatus 121 according to this 
preferred embodiment. This apparatus 121 is, similarly to the apparatus 101 shown in Fig. 4, a single-

10 crystalline thin film forming apparatus, which is adapted to previously form a thin film of a prescribed 
material having an amorphous or polycrystalline structure on a substrate and to thereafter convert the thin 
film to a single-crystalline thin film, thereby forming a single-crystalline thin film on the substrate. 

This apparatus 121 is characteristically different from the apparatus 101 in structure of the reflector 12e. 
Furthermore, each part of the apparatus 121 is composed specific materials, as described later. A sample 

15 holder 10, which comprises a heater (not shown), can heat a substrate 11 to hold the same at a proper high 
temperature. 

Referring to Fig. 23, the basic operation of the apparatus 121 is now described. It is assumed that a 
reflector 12e is implemented by that shown in Figs. 17 to 20 and the substrate 11 is prepared from a 
polycrystalline quartz substrate, so that a single-crystalline Si thin film is formed on the quartz substrate 11. 

20 It is also assumed that a polycrystalline Si thin film is previously formed on the quartz substrate 11 by a 
well-known method such as CVD (chemical vapor deposition). 

First, the substrate 11 is mounted between the sample holder 10 and the reflector 12e. The heater 
provided in the sample holder 10 holds the substrate 11 at a temperature of 550 • C. Since this temperature 
is lower than the crystallization temperature of silicon, single-crystalline Si once formed will not return to 

25 polycrystalline Si under this temperature. At the same time, this temperature is so high that polycrystalline 
Si can be grown into single-crystalline Si from a nuclear of a seed crystal. 

For the same reason as that described in relation to the fourth preferred embodiment, an Ne atom 
current is selected as an atom current to be applied to the substrate 11 , and energy of Ne plasma which is 
formed by an ECR ion source .2 is so set that energy of Ne atoms reaching the substrate 11 is lower than 

30 threshold energy in sputtering of Si. Further, the polycrystalline Si thin film which is formed on the substrate 
11 is irradiated with four components of the Ne atom current by the action of the reflector 12e. Directions of 
incidence of these four components correspond to those perpendicular to four (111) planes of the Si single 
crystal. 

Therefore, the overall region of the polycrystalline Si thin film is converted to a single-crystalline Si 
35 layer similarly to the apparatus 101. Thus, a single-crystalline Si layer having a regulated crystal orientation 

is formed on the quartz substrate 11 . 
In the apparatus 121, due to employment of the reflector 12e, no multiple reflection of the atom current 

is caused by the plurality of slopes 155. Thus, the substrate 11 is irradiated with no atom current from a 
direction other than the prescribed four directions. Further, the reflector 12e implements uniform irradiation 

40 of the substrate 11 with the atom current, whereby the substrate 11 is uniformly irradiated with the atom 
current from the prescribed four directions. Thus,· the single-crystalline Si thin film is uniformly formed on 
the substrate 11 . 

Similarly to the apparatus 120, portions which may be irradiated with the Ne atom current or an Ne ion 
current before neutralization, such as the reflector 12e, the inner wall of a reaction vessel 1 and the sample 

45 holder 10, for example, are made of materials causing no sputtering by the irradiation such as Ta, W, Pt or 
the like shown in Table 2, for example, also in the apparatus 121. Therefore, no sputtering is caused in 
these members by irradiation with the Ne atom current or the Ne ion current, whereby the thin film is 
prevented from contamination with material elements forming these members. 

While the structure and the operation of the apparatus 121 have been described with reference to 
50 formation of an Si thin film, it is also possible to form an axially oriented polycrystalline thin film of a 

material other than Si with the apparatus 121. For example, it is also possible to form a GaAs thin film. Also 
in this case, the surface of the reflector 12e etc. is made of a material having higher threshold energy than 
that forming the thin film. Alternatively, the surface of the reflector 12e etc. may be made of the same 
material as that for the thin film, similarly to the apparatus 120. Further, the surface of the reflector 12e etc. 

55 may be made of a material containing an element which is heavier than that forming the ion current or the 
atom current as applied. 

34 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 736 of 1543



EP 0 652 308 A2 

(A-8. Seventh Preferred Embodiment> 

An apparatus according to a seventh preferred embodiment of the present invention is now described. 
Fig. 24 is a front sectional view showing the overall structure of the apparatus 123 according to this 

5 preferred embodiment. This apparatus 123 is an axially oriented polycrystalline thin film forming apparatus 
which is adapted to previously form a thin film of a prescribed material having an amorphous or 
polycrystalline structure on a substrate and to thereafter convert the thin film to an axially oriented 
polycrystalline thin film, thereby forming an axially oriented polycrystalline thin film on the substrate. 

As shown in Fig. 24, this apparatus 123 has such a structure that the reflector 12e is removed from the 
10 apparatus 121 (Fig. 23). Similarly to the apparatus 121, a sample holder 10 comprises a heater (not shown), 

which can heat a substrate 11 to hold the same at a proper high temperature. 
Referring to Fig. 24, the basic operation of the apparatus 123 is now described. It is assumed that the 

substrate 11 is prepared from a polycrystalline quartz substrate, so that an axially oriented polycrystalline Si 
thin film is formed on the quartz substrate 11. It is also assumed that a polycrystalline Si thin film is 

15 previously formed on the quartz substrate 11 by a well-known method such as CVD (chemical vapor 
deposition). This polycrystalline Si thin film may have such an ordinary polycrystalline structure that 
respective crystal grains are oriented in arbitrary directions. 

First, the substrate 11 is mounted on the sample holder 10. The heater provided in the sample holder 
1 O holds the substrate 11 at a temperature of 550 • C. Since this temperature is lower than the crystallization 

20 temperature of silicon, axially oriented polycrystalline Si once formed will not return to ordinary polycrystal
line Si under this temperature. At the same time, this temperature is so high that ordinary polycrystalline Si 
can be grown into axially oriented polycrystalline Si from a nuclear of a seed crystal. 

An ion current passing through an outlet 9 is converted to an atom current, which in turn is 
perpendicularly incident upon the surface of the substrate 11. For the same reason as that described in 

25 relation to the seventh preferred embodiment, an Ne atom current is selected as the atom current to be 
applied to the substrate 11, and energy of Ne plasma which is formed by an ECR ion source 2 is so set 
that energy of Ne atoms reaching the substrate 11 is lower than threshold energy in sputtering of Si. 

Thus, the law of Bravais acts in a portion close to the surface of the polycrystalline Si thin film, whereby 
the Si atoms are rearranged in a portion close to the surface of the polycrystalline Si thin film so that a 

30 surface perpendicular to the direction of incidence of the Ne atom current which is applied to the 
polycrystalline Si thin film defines the densest crystal plane. Namely, a layer close to the surface of the 
polycrystalline Si tin film is converted to an axially oriented polycrystalline Si layer whose uniaxial direction 
is regulated so that the (111) plane is along its surface. 

The temperature of the polycrystalline Si thin film is adjusted at 550 • , i.e., within a range suitable for 
35 growing a seed crystal, as described above. Thus, the axially oriented polycrystalline Si layer which is 

formed on the surface of the ordinary polycrystalline Si thin film serves as a seed crystal, to grow the 
axially oriented polycrystalline Si layer toward a deep portion of the ordinary polycrystalline Si thin film. 
Then, the overall region of the polycrystalline Si thin film is converted to an axially oriented polycrystalline 
Si layer. Thus, an axially oriented polycrystalline Si layer which is so oriented that the (111) plane is along 

40 its surface is formed on the quartz substrate 11 . 
Alternatively, an amorphous Si thin film may be previously formed on the substrate 11 in place of the 

ordinary polycrystalline Si thin film to be thereafter treated with the apparatus 123, thereby forming an 
axially oriented polycrystalline Si thin film. 

Also in the apparatus 123, portions which may be irradiated with the Ne atom current or an Ne ion 
45 current ·before neutralization. such as at least surfaces of the inner wall of a reaction vessel 1 and the 

sample holder 10, for example, are made of materials causing no sputtering by the irradiation, such as Ta, 
W, pt or the like shown in Table 2, for example, similarly to the apparatus 122. Therefore, no sputtering is 
caused in these members by irradiation with the Ne atom current or the Ne ion current, whereby the thin 
film is prevented from contamination with material elements forming these members. 

50 While the structure and the operation of the apparatus 123 have been described with reference to 
formation of an Si thin film, it is also possible to form an axially oriented polycrystalline thin film of a 
material other than Si by the apparatus 123. For example, it is also possible to form a GaAs thin film. Also 
in this case, the surface of the sample holder 10 etc. is made of a material having higher threshold energy 
than that of the thin film. Alternatively, the surface of the sample holder 10 etc. may be made of the same 

55 material as that for the thin film, similarly to the apparatus 122. Further, the surface of the sample holder 10 
etc. may be made of a material containing an element which is heavier than that forming the ion current or 
the atom current as applied. 
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<A-9. Eighth Preferred Embodiment) 

An eighth preferred embodiment of the present invention is now described. A method according to this 
preferred embodiment is adapted. to form an axially oriented polycrystalline thin film on a substrate 11 and 

5 to thereafter convert the same to a single-crystalline thin film by irradiating the film with atom currents from 
a plurality of directions, thereby forming a single-crystalline thin film on the substrate 11. To this end, the 
apparatus 122 according to the fourth preferred embodiment may be employed to form an axially oriented 
polycrystalline thin film on the substrate 11, so that this thin film is converted to a single-crystalline thin film 
through the apparatus 121 according to the seventh preferred embodiment, for example. 

10 Alternatively, the apparatus 120 according to the eighth preferred embodiment may be employed to 
form an axially oriented polycrystalline thin film by executing supply of reaction gas and application of an 
atom current at first while removing the reflector 12e, so that the reflector 12e is thereafter set in the 
apparatus 120 to execute application of an atom current while heating the substrate 11 for converting the 
thin film to a single-crystalline thin film, thereby forming a single-crystalline thin film on the substrate 11. 

15 Alternatively, a thin film having an amorphous structure or an ordinary polycrystalline structure may be 
previously formed on the substrate 11 by CVD or the like so that the thin film is thereafter converted to an 
axially oriented polycrystalline thin film through the apparatus 123 and thereafter the film is further 
converted to a single-crystalline thin film through the apparatus 121 , thereby forming a single-crystalline thin 
film on the substrate 11. 

20 Thus, in the method according to this· preferred embodiment, an axially oriented polycrystalline thin film 
is previously formed before a single-crystalline thin film is formed on the substrate 11 . Even if a portion 
which is hard to form a single-crystalline thin film is present on the substrate 11, therefore, mechanical and 
electrical properties of the thin film are not remarkably deteriorated since the portion is provided with an 
axially oriented polycrystalline thin film having characteristics which are close to those of a single-crystalline 

25 thin film. Namely, it is possible to obtain a thin film having properly excellent characteristics without 
precisely executing a step of forming a single-crystalline thin film. 

This is particularly effective when it is difficult to uniformly· irradiate a prescribed region of the substrate 
11 with atom currents from a plurality of directions since the substrate 11 is not in the form of a flat plate 
but is in the form of a cube, or a screen having a thickness is formed on the surface of the substrate 11. 

30 Figs. 25 to 27 show such examples. 
Fig. 25 is a sectional view typically illustrating such a state that the surface of a sample 170 comprising 

a substrate 11 having a cubic shape and an axially oriented polycrystalline Si thin film 171 previously 
formed thereon is irradiated with Ne atom currents from two directions. As shown in Fig. 25, the sample 170 
has a cubic shape and hence the sample 170 itself serves as a screen for the atom currents. Consequently, 

35 a specific region of the axially oriented polycrystalline Si thin film 171 is irradiated with the Ne atom current 
from only one direction, and no irradiation from two directions is implemented. 

Figs. 26 and 27 are sectional views typically showing steps of selectively forming a single-crystalline Si 
thin film on a substrate 11 through a masking member 172 in a process of fabricating a thin-film 
semiconductor integrated circuit. An amorphous or ordinary polycrystalline Si thin film 174 is previously 

40 formed on the substrate 11 by CVD or the like. Thereafter the apparatus 123 is employed to perpendicularly 
irradiate the upper surface of the Si thin film 17 4 with an Ne atom current through an opening of the 
masking member 172 which is made of Si02 or the like, thereby selectively forming an axially oriented 
polycrystalline Si thin film 171 immediately under the opening of the masking member 172 (Fig. 26). 

Then, the apparatus 121 is employed to irradiate the upper surface of the Si thin film 171 with Ne atom 
45 currents from a plurality of directions through the opening of the masking member 172, thereby converting 

the axially oriented polycrystalline Si thin film 171 to a single-crystalline Si thin film (Fig. 27). At this time, a 
portion close to an edge of the opening of the masking member 172 is not sufficiently irradiated with the Ne 
atom currents from the plurality of directions since the masking member 172 has a constant thickness. 
Thus, the single-crystalline Si thin film is hardly formed in the portion close to the edge of the opening of 

50 the masking member 172. However, at least the axially oriented polycrystalline Si thin film is provided in 
this portion even if no single-crystalline Si thin film is formed, whereby it is possible to minimize 
deterioration of electrical properties such as carrier mobility. 

In the method according to this preferred embodiment, one of the plurality of directions of incidence of 
the atom currents which are applied . to carry out conversion to a single-crystalline thin film is preferably 

55 coincicjent with the direction of incidence of the atom current which is applied in advance for forming the 
axially oriented polycrystalline thin film. In this case, conversion to a single-crystalline thin film is carried out 
without changing the common uniaxial direction in the axially oriented polycrystalline thin film, whereby the 
step of conversion to a single-crystalline thin film smoothly progresses in a short time. 
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<A· 10. Ninth Preferred Embodiment> 

A ninth preferred embodiment of the present invention is now described. 

5 (A· 10· 1 . Structure of Apparatus) 

Fig. 28 is a front sectional view showing the overall structure of an apparatus 124 according to this 
preferred embodiment. This apparatus 124 is adapted to convert an amorphous; polycrystalline, or axially 
oriented polycrystalline thin film which is previously formed on a substrate 11 to a single-crystalline thin 

10 film, thereby forming a single-crystalline thin film on the substrate 11. 
This apparatus 124 is characteristically different from the apparatus 121 in a point that a reflecting unit 

160 is set in place of the reflector 12e. The reflecting unit 160, which is adapted to generate a plurality of 
atom current components to be incident upon the substrate 11 at a plurality of prescribed angles of 
incidence, is set on a sample holder 10, to be located above the substrate 11. The sample holder 10 

15 comprises a heater (not shown), which can heat the substrate 11 to maintain the same at a proper high 
temperature. 

(A-10·2. Structure and Operation of Reflecting Unit> 

20 The structure and the operation of the reflecting unit 160 are now described. Figs. 29 and 30 are a front 
sectio.nal view and a plan sectional view showing the structure of the reflecting unit 160 respectively. The 
reflecting unit 160 illustrated in Figs. 29 and 30 is adapted to form a single crystal of a diamond structure 
such as single-crystalline Si. This reflecting unit 160 is arranged directly under an ion outlet 9 of an ECR 
ion source 2, i.e., downstream an atom current which is generated by the ECR ion source 2 to be 

25 downwardly directed. 
A screen plate 164 which can selectively screen the atom current supplied from the ECR ion source 2 

is horizontally provided on an upper portion of the reflecting unit 160. The reflecting unit 160 is so set that a 
distance between the outlet 9 and this screen plate 164 is at a sufficient value, such as at least 14 cm, for 
example, for converting an ion current outputted from the ECR ion source 2 to a neutral atom current. 

30 Namely, a substantially neutral atom current reaches the screen plate 164. Openings 162 are provided in 
this screen plate 164, to be in four-told rotation symmetry about a central axis of the· atom current from the 
ECR ion source 2. The atom current from the ECR ion source 2 passes only through the openings 162, to 
further flow downwardly. 

A reflecting block 166 is set immediately under this screen plate 164. This reflecting block 166 is in the 
35 form of a four-told rotary-symmetrical cone whose symmetry axis is coincident with the central axis of the 

atom current, and four side surfaces of the cone are located immediately under the four openings 162 
respectively. These side surfaces are not necessarily plane, but are curved in general. These four side 
surfaces serve as reflecting surfaces for reflecting the atom current. Namely, the atom current passing 
through the openings 162 is reflected by the four side surfaces of the reflecting block 166, whereby four 

40 atom current components progressing toward directions separated from the central axis are obtained. 
These four atom current components are divergent beams whose beam sections are two-dimensionally 

(planarly) enlarged. These four components pass through a rectifying member (rectifying means) 168 so 
that directions of progress thereof are accurately regulated in desired directions, to be thereafter incident 
upon four reflectors 169 respectively. The rectifying member 168, which is adapted to regulate the 

45 directions of the atom current components radially from the side surfaces of the reflecting block 166 toward 
the reflecting plates 169, can be formed by a well-known technique. 

These four reflectors 169 are arranged around the substrate 11, which is the target of irradiation, to be 
four-fold rotation symmetrical about the symmetry axis of the reflecting block 166 (Fig. 30 typically shows 
only one reflector 169. Fig. 30 also illustrates only an atom current which is incident upon and reflected by 

50 an upper half portion of the single reflector 169). The atom current component which is incident upon each 
reflector 169 is again reflected by its reflecting surface. The reflecting surface of each reflector 169 has a 
shape of a proper concave surface. Therefore, the divergent atom current components are reflected by the 
reflecting surfaces and properly focused as the result, to form parallel beams which are uniformly applied to 
the overall upper surface of the substrate 11. Further, the parallel beams are incident upon the upper 

55 surface of the substrate 11 from four directions at angles of incidence of 55 • , for example. 
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<A· 10·3. Operation of Apparatus 124) 

Referring to Fig. 28, the operation of the apparatus 124 is now described. It is assumed that the 
substrate 11 is prepared from an amorphous or polycrystalline Si~ (quartz) substrate, so that a single· 

5 crystalline Si thin film (which includes an axially oriented polycrystalline Si thin film) is formed on the quartz 
substrate 11. A polycrystalline Si thin film is previously formed on the quartz substrate 11 by CVD 
(chemical vapor deposition), for example. 

First, the substrate 11 is mounted between the sample holder 10 and the reflecting unit 160. The heater 
provided in the sample holder 10 holds the sample, i.e., the substrate 11 and the polycrystalline Si thin film, 

10 at a temperature of 550 • C. Similarly to the apparatus 121, a gas which is introduced from an inert gas inlet 
pipe 7 is preferably prepared from inert Ne gas having smaller atomic weight than Si atoms. 

Due to the action of an ECR ion source 2, an Ne atom current is supplied to the reflecting unit 160, to 
be incident upon the overall upper surface of the substrate 11 from four directions at angles of incidence of 
55 • , for example. In this case, the directions of incidence of the four Ne atom current components 

15 correspond to four directions which are perpendicular to four independent densest crystal planes of an Si 
single crystal to be formed, i.e., (111) planes. Similarly to the apparatus 121, energy of plasma which is 
formed by the ECR ion source 2 is so set that energy of the Ne atoms reaching the substrate 11 is lower 
than threshold energy in sputtering of Si by irradiation with the Ne atoms. . 

Thus, the law of Bravais acts on the polycrystalline Si thin film, whereby the Si atoms are rearranged in 
20 a portion close to the surface of the polycrystalline Si thin film so that surfaces perpendicular to the 

directions of incidence of the four components of the Ne atom current which is applied to the polycrystalline 
Si thin film define densest crystal planes. Namely, a layer in the vicinity of the polycrystalline Si thin film is 
converted to a single-crystalline Si layer having a regulated crystal orientation. 

The temperature of the polycrystalline Si thin film is adjusted at 550 •, i.e., within a range suitable for 
25 growing a seed crystal, as described above. Thus, the single-crystalline Si layer which is formed on the 

surface of the polycrystalline Si thin film serves as a seed crystal, to grow the single-crystalline Si layer 
toward a deep portion of the polycrystalline Si thin film. After a lapse of a constant time, the. overall region 
of the polycrystalline Si thin film is converted to a single-crystalline Si layer. Thus, a single-crystalline Si 
layer having a regulated crystal orientation is formed on the quartz substrate 11. The single-crystalline Si 

30 thin film as formed is so oriented that the (100) plane is along its surface. 
The angle of incidence of 55 • shown in Fig. 29 is a mere example as a matter of course, and it is 

possible to introduce parallel beams into the substrate 11 at an arbitrary angle of incidence which is 
decided in response to the crystal structure of the desired single-crystalline thin film by properly changing 
the shapes and directions of the reflectors 169. Since the divergent beams are generated by the reflecting 

35 block 166, it is possible to uniformly irradiate a wide substrate 11 with parallel beams by properly adjusting 
the distances between the reflectors 169 and the symmetry axis of the reflecting block 166 in response to 
the width of the substrate 11. 

Thus, according to this apparatus 124, it is possible to uniformly irradiate the overall surface of the 
substrate 11 having an area which is extremely larger than the section of each beam supplied from the ECR 

40 ion source 2 with atom current components at desired angles of incidence. Namely, it is possible to 
uniformly and efficiently form a desired single-crystalline thin film on the substrate 11 having a large area. 

Further, it is possible to independently adjust the amounts of the four component beams passing 
through the openings 162 by independently adjusting the areas of the four openings 162 provided in the 
screen plate 164. Thus, it is possible to optimumly set the respective amounts of the four component 

45 beams which are applied to the upper surface of the substrate 11 from a plurality of directions. For 
example, it is possible to uniformly regulate the amounts of the four component beams. Thus, a high-quality 
single-crystalline thin film can be efficiently formed. 

Similarly to the apparatus 121 • at least surfaces of respective members of the reflecting unit 160 such 
as the reflecting block 168, the rectifying member 168 and the reflectors 169 which are irradiated with the 

50 atom current components may be made of materials such as Ta, W, Pt or the like having higher threshold 
energy in sputtering than the thin film to be formed. Alternatively, the surfaces of the respective members 
of the reflecting unit 160 may be made of the same material as that for the thin film, similarly to the 
apparatus 121. Further, the surfaces of the respective members of the reflecting unit 160 may be made of a 
material containing an element which is heavier than that forming the ion current or the atom current as 

55 applied. 
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{A-11. Tenth Preferred Embodiment> 

An apparatus according to a tenth preferred embodiment of the present invention is now described. Fig. 
31 is a front sectional view showing the overall structure of a beam irradiator according to this preferred 

5 embodiment. This apparatus 125 is adapted to form a polycrystalline thin film on a substrate 11 and to 
irradiate the same with an atom current at the same time, thereby sequentially converting the polycrystalline 
thin film as being grown to a single-crystalline thin film, similarly to the apparatus 120. 

To this end, a reaction chamber 8 communicates with reaction gas supply pipes 13 in the apparatus 
125, similarly to the apparatus 120. Reaction gases are supplied through the reaction gas supply pipes 13, 

10 for forming a film of a prescribed material on the substrate 11 by plasma CVD. The preferred embodiment 
shown in Fig. 31 is provided with three reaction gas supply pipes 13a, 13b and 13c. Other structural 
characteristics of this apparatus 125 are similar to those of the apparatus 124. 

The apparatus 125 operates as follows: Similarly to the sixth preferred embodiment, it is assumed that 
the substrate 11 is prepared from polycrystalline Si02 (quartz), so that a thin film of single-crystalline Si is 

15 formed on the quartz substrate 11. The reaction gas supply pipes 13a, 13b and 13c supply SiH4 (silane) 
gas for supplying Si, which is a main material for the single-crystalline Si, and ~H3 (diborane) gas and PH3 

(phosphine) gas for doping the substrate 11 with p-type and n-type impurities respectively. Ne gas is 
introduced from an inert gas inlet pipe 7 into a plasma chamber 4. 

Due to the reaction gases supplied from the reaction gas supply pipes 13a, 13b and 13c and an Ne+ 
20 ion current or an Ne atom current generated by an ECR ion source 2, plasma CVD reaction progresses on 

the upper surface of the substrate 11, thereby growing an Si thin film of an amorphous structure. 
The Ne atom current downwardly flowing from the ECR ion source 2 is incident upon the overall 

surface of the Si thin film being formed on the upper surface of the substrate 11 from four directions having 
angles of incidence of 55 •, for example, due to action of a reflecting unit 160. Similarly to the apparatus 

25 120, energy of plasma which is formed by the ECR ion source 2 is so set that incident energy of the four 
components is lower than threshold energy with respect to Si. Thus, the law of Bravais acts on the 
amorphous Si thin film as being grown, whereby the amorphous Si thin film being grown by plasma CVD is 
sequentially converted to a single-crystalline Si thin film having a regulated crystal orientation. As the result, 
single-crystalline Si having a single crystal orientation is formed on the substrate 11. 

30 Also in this apparatus 125, the reflecting unit 160 is so employed that it is possible to uniformly irradiate 

35 

the overall surface of the substrate 11 having an area which is extremely larger than the section of each 
beam supplied from the ECR ion source 2 with atom current components at desired angle.s of incidence 
without scanning the substrate 11, due to employment of the reflecting unit 160. Namely, it is possible to 
uniformly and efficiently form a desired single-crystalline thin film on the substrate 11 having a large area. 

<A-12. Eleventh Preferred Embodiment> 

An apparatus 126 according to an eleventh preferred embodiment of the present invention is now 
described. Figs. 32 to 34 are a perspective view, a plan view and a front elevational view showing the 

40 apparatus 126 according to this preferred embodiment respectively. With reference to Figs. 32 to 34, the 
structure and the operation of the apparatus 126 according to this preferred embodiment are now 
described. 

In this apparatus 126, an ECR ion source 2 is set in a horizontal state, to supply a gas beam in a 
horizontal direction which is parallel to the surface of a horizontally set substrate 11. A reflecting unit 180 is 

45 interposed in a path of the gas beam which is supplied from the ECR ion source 2 to reach the upper 
surface of the substrate 11 . 

In the reflecting unit 180, a reflecting block 186, a screen plate 184, a rectifying member 188 and a 
reflector 190 are successively arranged along the path of the gas beam. The reflecting block 186 is 
rotated/driven about its central axis which is in the form of a perpendicular prism. A distance between an 

50 outlet 9 and the reflecting block 186 . is set at a sufficient length of at least 14 cm, for example, for 
converting an ion current which is outputted from the ECR ion source 2 to a neutral atom current. Thus, a 
substantially neutral atom current reaches the reflecting block 186. 

Fig. 35 is a plan view for illustrating the operation of the reflecting block 186. As .shown in Fig. 35, an 
atom current which is incident upon the reflecting block 186 is scattered to a number of directions in a 

55 horizontal plane by rotation of the reflecting block 186. Namely, the reflecting block 186 substantially 
generates divergent beams whose beam sections are enlarged linearly or in the form of strips, i.e., 
substantially one-dimensionally, with progress of the beams. 
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The screen plate 184 selectively passes only components of the divergent atom current having 
scattering angles in a specific range. The atom current components passed through the screen plate 184 
are passed through the rectifying member 188, to be precisely regulated in directions of progress. The 
rectifying member 188 is structured similarly to the rectifying member 168. In place of the shape of a prism 

5 shown in Fig. 35, the reflecting block 186 may be in the form of a triangle pole, a hexagonal pole or the like, 
for example. 

Referring again to Figs. 32 to 34, the atom current components passed through the rectifying member 
1 BB are incident upon the reflector 190 which is in the form of a strip along the horizontal direction. A 
reflecting surface of the reflector 190 has a proper concave shape. Thus. the divergent atom current 

10 components are reflected by this reflecting surface and properly focused to form parallel beams, which are 
applied to the upper surface of the substrate 11 linearly or in the form of strips. Further. the parallel beams 
are incident upon the upper surface of the substrate 11 at angles of incidence of 35 • , for example. As 
shown in Fig. 33, two sets of the members from the reflecting block 186 to the reflector 190 arranged along 
the path of the atom current are set. Thus, atom currents are incident upon the substrate 11 from opposite 

15 two directions at angles of incidence of 35 • respectively. 
Each atom current is scattered by e(lch reflecting block 186 to be substantially one-dimensionally 

diverged, whereby it is possible to apply parallel beams to a linear or strip-shaped region having a width 
which is extremely larger than the diameter of the beam supplied from the ECR ion source 2 by sufficiently 
setting the distance between the reflecting block 186 and the reflector 190. 

20 The apparatus 126 has a sample holder (not shown) for receiving the substrate 11, and this sample 
holder is horizontally movable by a horizontal moving mechanism (not shown). Following such horizontal 
movement of the sample holder, the substrate 11 is moved in parallel along a direction perpendicular to 
(intersecting with) the linear or strip-shaped region receiving the atom currents. Thus, it is possible to 
implement irradiation of the overall region of the substrate 11 by scanning the substrate 11. Due to such 

25 scanning of the substrate 11, it is possible to uniformly irradiate the wide substrate 11 with atom current 
components. 

This apparatus 126 may comprise reaction gas supply pipes 13a, 13b and 13c similarly to the 
apparatus 120, to form a thin film of a prescribed material on the substrate 11 and to sequentially convert 
the thin film to a single crystal. Alternatively, the sample holder may be provided with a heater similarly to 

30 the apparatus 121, to convert a thin film of a prescribed material which is previously deposited on the 
substrate 11 to a single-crystalline thin film. Since the two atom currents are incident from opposite 
directions at the same angles of incidence of 35 • • the single-crystalline thin film formed on the i;iubstrate 11 
is so oriented that its (110) plane is along its surface. 

It is possible to form a single-crystalline thin film which is so oriented that a crystal plane other than the 
35 (110) plane is along its surface, by changing the positional relat.ion between the reflecting units 180, the 

angles of the reflectors 190 and the like. For example, it is possible to form a single-crystalline thin film 
which is so oriented that its (100) plane is along its surface by arranging at least two sets of reflecting units 
180 so that central axes of atom currents from the reflecting blocks 186 toward the reflectors 190 are at 
angles of 90 • or 180 • and setting shapes and directions of the reflectors 190 so that angles of incidence of 

40 the atom currents incident upon the substrate 11 from the reflecting units 180 are 55 • . 
Further, it is possible to form a single-crystalline thin film which is so oriented that its (111) plane is 

along its surface by arranging at least two sets of three sets of of reflecting units 180 so that central axes of 
atom currents from the reflecting blocks 186 toward the reflectors 190 are each shifted by 120 • and setting 
shapes and directions of the reflectors 190 so that angles of incidence of the atom currents incident upon 

45 the substrate 11 from the reflecting units 1 BO are at 70 •. 
Similarly to the apparatus 124, at least surfaces of respective members of the reflecting units 160 such 

as the reflecting blocks 168, the rectifying members 168 and the reflectors 169 which are irradiated with the 
atom current components may be made of materials such as Ta, W, Pt or the like having higher threshold 
energy in sputtering than the thin film to be formed. Alternatively, the surfaces of the respective members 

so of the reflecting units 160 may be made of the same material as that for the thin film. Further, the surface of 
the respective members of the reflecting units 160 may be made of a material containing an element which 
is heavier than that forming the ion current or the atom current as applied. 

55 

(A-13. Twelfth Preferred Embodiment> 

An apparatus 127 according to a twelfth preferred embodiment of the present invention is now 
described. Fig. 36 is a perspective view showing the structure of the apparatus 127 according to this 
preferred embodiment. As shown in Fig. 36, this apparatus 127 comprises a reflecting unit 191. This 
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reflecting unit 191 is characteristically different from the reflecting unit 180 in a point that the same has an 
electrostatic electrode 306 in place of the reflecting blocks 186. An ion current is incident upon the 
electrostatic electrode 196, in place of a neutral atom current. Namely, a distance between an outlet 9 and 
this electrostatic electrode 196 is set to be sufficiently short so that the ion current outputted from an ECR 

s ion source 2 is hardly converted to a neutral atom current but incident upon the electrostatic electrode 196 
as such. 

The electrostatic electrode 196 is provided with an ac power source 197. This ac power source 197 
supplies a fluctuation voltage which is formed by an alternating voltage superposed on a constant bias 
voltage to the electrostatic electrode 196. Consequently, the ion current which is incident upon the 

10 electrostatic electrode 196 is scattered into a number of directions within a horizontal plane by action of a 
fluctuating electrostatic field. 

Thus, scattering of the ion current is implemented by the fluctuation voltage which is supplied by the ac 
power source 197 in this apparatus 127, whereby it is possible to easily suppress scattering of the ion 
current in unnecessary directions cut by screen plates 184. Namely, it is possible to efficiently apply the ion 

1s current which is supplied by the ECR ion source 2 to a substrate 11. Further, it is also possible to scatter 
the ion current to respective scattering directions with higher uniformity by setting the waveform of the 
fluctuation voltage supplied by the ac power source 197 in the form of a chopping wave, for example. 

20 

25 

30 

35 

40 
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<A-14. Modifications of Fifth to Twelfth Preferred Embodiments) 

(1) While the shapes of the reflecting blocks 166 and the arrangement of the reflectors 169 are selected 
to four-told rotation symmetry in the sixth and tenth preferred embodiments, the same can alternatively 
be selected in two-fold or three-fold rotation symmetry, for example. Namely, it is possible to arbitrarily 
select the number of components of the atom current which are incident at different angles of incidence 
in response to the crystal structure of the desired single-crystalline thin film. The shape of the reflecting 
block 166 may be selected in a rotation symmetrical manner such as in the form of a cone. At this time, 
only a single reflecting block 166 is available regardless of the number of the directions of incidence 
upon the substrate 11. Thus, it is also possible to form a single-crystalline thin film . having a crystal 
structure other than a diamond structure according to the inventive apparatus, while it is also possible to 
form a single-crystalline thin film having various crystal orientations in a single crystal structure. Further, 
the material for forming the single-crystalline thin film is not restricted to Si since it is possible to cope 
with an arbitrary crystal structure, whereby it is possible to form a semiconductor single-crystalline thin 
film of GaAs or GaN, tor example. 
(2) In each of the ninth and tenth preferred embodiments, each rectifying member 168 for rectifying the 
directions of the atom current components may be interposed in a path of the atom current which is 
reflected by the reflector 169 and directed toward the substrate 11, in place of the path of the atom 
current directed from the reflecting block 166 toward the reflector 169. Further, the rectifying members 
168 may be interposed in both of these paths. 

On the other hand, the apparatus may not be provided with the rectifying members 168. When the 
apparatus is provided with the rectifying members 168, however, it is possible to precisely set the 
directions of incidence of the atom current components upon the substrate 11 without strictly setting the 
shapes, arrangement etc. of the reflecting blocks 166 and the reflectors 169. 

The above also applies to the rectifying members 188 in the eleventh and twelfth preferred 
embodiments. 
(3) In each of the fourth to eleventh preferred embodiments, the ECR ion source 2 may be replaced by 
another beam source for generating a neutral atom current or a neutral molecular flow, or a neutral 
radical flow. A beam source for generating such a neutral atom or radical current has already been 
commercially available. Since a neutral atom or radical beam can be obtained by such a beam source, it 
is possible to form a single-crystalline thin film on an insulating substrate 11 with no requirement for 
means for neutralizing an ion current, similarly to the case of employing the ECR ion source 2. 
(4) In each of the fourth to twelfth preferred embodiments, the ECR ion source 2 may be replaced by 
another ion source such as a Cage type or Kaufmann type source. In this case, however, the flow of the 
as-generated ion current may be diffused by repulsive force by static electricity between ions to be 
weakened in directivity, and hence means for neutralizing the ions or means such as a collimator for 
improving directivity of the ion current is preferably interposed in the path of the ion current. 

Particularly when the substrate 11 is made of an electrically insulating material, means for neutraliz
ing ions is preferably interposed in the path of the ion current, in order to prevent the substrate 11 from 
accumulation of electric charges inhibiting progress of irradiation. In the apparatus according to each 
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preferred embodiment comprising the ECR ion source 2, on the other hand, a neutral atom current can 
be easily obtained in a shape close to a parallel current with no means for neutralizing the ion current. 

When means for neutralizing ions is set in the apparatus according to the twelfth preferred 
embodiment, the same is set downstream the electrostatic electrode 196. 

5 (5) The beam irradiator described in each of the aforementioned preferred embodiments is not restricted 
to an apparatus for forming a single-crystalline thin film, but is also applicable to an apparatus for 
applying gas beams from a plurality of directions for another purpose. Particularly the apparatus shown 
in each of the ninth to twelfth preferred embodiments is suitable for a purpose of uniformly irradiating a 
wide substrate with gas beams from a plurality of directions. 

10 (6) When the thin film to be formed contains N (nitrogen element) which is a gas under a normal 
temperature such as GaN in each of the fourth to twelfth preferred embodiments, the gas may be 
prepared from gaseous nitrogen. In this case, the characteristics of the thin film will not be deteriorated 
even if the gas remains in the thin film. 

15 (8. Preferred embodiments in Relation to Selective Formation and Further Efficient Formation of Single
Crystalline Thin Film} 

On the basis of the aforementioned method, description is now made on preferred embodiments in 
relation to methods enabling selective formation of single-crystalline thin films on specific regions of 

20 substrates and further efficient formation of single-crystalline thin films on substrates. 

<B-1. Thirteenth Preferred embodiment> 

Figs. 37 to 42 are process diagrams in relation to a method according to a thirteenth preferred 
25 embodiment. First, an upper surface of an Si single-crystalline substrate 102 is oxidized to form an SiO:! 

film 104 which is an insulator, as shown in Fig. 37. Further, an amorphous or polycrystalline Si thin film 106 
is formed on the Si02 film 104 by CVD, for example. 

Then, a thin film 108 of SiO:! or SiaN4 is formed on the Si thin film 106 and thereafter this thin film 108 
is selectively etched to form an opening in a desired specific region, as shown in Fig. 38. This thin film 108 

30 having an opening serves as a masking material in a subsequent step. The selective etching is carried out 
by well-known photolithography sequentially through processes of resist application, pre-baking, exposure, 
development and post-baking. At this time, the exposure is carried out through a masking material having a 
prescribed pattern enabling selective etching, and separation of a resist material is carried out after the 
exposure. A portion of the Si thin film 106 which is exposed in the opening is subjected to washing by a 

35 method such as the so-called reverse sputtering or the like. 
Thereafter the apparatus 101 is employed to irradiate the overall upper surface of the Si single

crystalline substrate 102 with an Ne atom current 11 O from directions which are perpendicular to a plurality 
of densest planes of a single-crystalline thin film to be formed with proper irradiation energy, as shown in 
Fig. 39. Ne atoms are lighter than Si which is an element forming the Si thin film 106 as irradiated and Si 

40 which has the maximum atomic weight among elements forming the masking material 108 as irradiated, 
whereby the same hardly remain in the masking material 1 OB and the Si thin film 106 following the 
irradiation. 

The Si thin film 106 is selectively i.rradiated with the Ne atom current only in the opening of the masking 
material 1 OB. Therefore, the Si thin film 106 is selectively converted to a single-crystalline layer 112 having 

45 a regulated crystal orientation in a region corresponding to the opening of the masking material 108, i.e., the 
aforementioned specific region, as shown in Fig. 40. 

Then, the masking material 108 is remove and the upper surface is thermally oxidized to form an oxide 
film 114, as shown in Fig. 41. In general, a reaction rate of thermal oxidation in an amorphous or 
polycrystalline layer is larger by 2 to 5 times than that in a single-crystalline layer. Therefore, a portion of 

so the oxide film 114 located on the Si thin film 106 is larger in thickness by about 2 to 5 times than that 
located on the single·crystalline layer 112. 

Thereafter the overall upper surface of the oxide film 114 is properly etched to expose the upper 
surface of the single-crystalline layer 112, as shown in Fig. 42. At this time, the oxide film 116 remains on 
the Si thin film 106. The single-crystalline layer 112 can be provided with a desired element such as a 

55 transistor element, for example. At this time, the oxide film 116 serves as the so-called LOCOS (local 
oxidation of silicon) layer which isolates the element formed on the single-crystalline layer 112 from other 
elements. The Si single-crystalline substrate 102 itself is already provided therein with desired elements. 
Therefore, it is possible to implement a device having a three-dimensional structure by integrating a new 
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element into the single-crystalline layer 112. In the method according to this preferred embodiment, the 
LOCOS layer is formed on an amorphous or polycrystalline layer, whereby the same can be efficiently 
formed in a short time, to improve the throughput in an thermal oxidation device. 

In the method according to this preferred embodiment, further, a single-crystalline thin film can be 
5 formed on the Si02 film 104 which is an insulator, whereby the element provided in the Si single-crystalline 

substrate 102 can be easily isolated from a new element provided thereon. 

<B-2. Fourteenth Preferred embodiment} 

10 Figs. 43 to 51 are process diagrams in relation to a fourteenth preferred embodiment. As shown in Fig. 
43, a transistor is previously formed on a single-crystalline Si substrate. Namely, n-type source and drain 
layers 204 and 206 which are isolated from each other are selectively formed on an upper surface of a p
type single-crystalline Si substrate 202. Further, a gate electrode 210 is formed on the upper surface of the 
substrate 202 in a region corresponding to that between these layers 204 and 206, through a gate oxide 

15 film 208. Namely, this transistor is an n-channel MOS transistor. The gate oxide film 208 is made of Si02. 
and the gate electrode 21 O is made of polycrystalline Si. 

Then, an insulating film 212 of Si02 is formed entirely over the upper surfaces of the substrate 202 and 
the gate electrode 210, as shown in Fig. 44. Thereafter an amorphous or polycrystalline Si film 214 is 
formed on the overall surface of the insulating film 212, as shown in Fig. 45. 

20 Then, the Si film 214 is selectively etched to be left only in a desired specific region. Fig. 46 shows an 
Si film 216 which is defined in the specific region by the selective etching. 

Then, the apparatus 101 is employed to irradiate overall upper surfaces of the insulating film 212 and 
the Si film 216 with an Ne atom current 218 from directions which are perpendicular to a plurality of 
densest planes of a single-crystalline thin film to be formed with proper irradiation energy, as shown in Fig. 

25 47. Ne atoms are lighter than Si forming the Si film 216 and the insulating film 212, whereby the same 
hardly remain in these layers following the irradiation. Due to this irradiation, the Si film 216 is converted to 
a single-crystalline Si thin film 220 having a regulated crystal orientation, as shown in Fig. 48. At this time, a 
region of the insulating film. 212 which is exposed on the upper surface is also converted to a single
crystalline thin film. 

30 Then, the single-crystalline Si thin film 220 is doped with an n-type impurity, to be converted to an n-
type Si thin film, as shown in Fig. 48. Thereafter a gate oxide film 228 and a gate electrode 230 are 
selectively formed oil the upper surface of the n-type single-crystalline thin film 220. Further, these are 
employed as masks to selectively dope the upper surface of the single-crystalline Si thin film 220 with a p
type impurity, thereby forming a drain layer 224 and a source layer 226. Namely, these layers are formed 

35 by self alignment. Due to this step, the single-crystalline Si thin film 220 forms a p-channel MOS transistor. 
Then, an insulating film 232 of Si02 or the like is formed over the entire upper surface. Then, desired 

portions of the insulating films 232 and 212 are selectively etched to form an opening serving as a contact 
hole. Further, a conductive wiring layer 234 of aluminum, for example, is applied onto the overall upper 
surface of the insulating film 232 including the contact hole, and thereafter the wiring layer 234 is selectively 

40 removed to couple the elements in a desired manner (Fig. 50). 
As hereinabove described, it is possible. to selectively form a single-crystalline layer on a desired 

specific region of the substrate 202 in the method according to this preferred embodiment. Further, it is 
possible to implement a device having a three-dimensional structure by forming a new element on the 
single-crystalline layer, since the substrate 202 itself is already provided with an element. In the method 

45 according to this preferred embodiment, a single-crystalline thin film can be formed on the insulating film 
212 of Si02, whereby the element provided in the substrate 202 can be easily isolated from a new element 
provided thereon in the three-dimensional device. 

Further, it is also possible to form a plurality of new elements on the substrate 202, as shown in Fig. 51. 
At this time, two new elements (two p-channel MOS transistors in Fig. 51) are provided in single-crystalline 

so Si thin films 220 which are formed independently of each other. Thus, these elements can be easily isolated 
with no provision of a LOCOS layer or an isolation layer. Consequently, steps of manufacturing the device 
are simplified and the degree of integration of the elements is improved. 

Although an n-type impurity is introduced into the selectively formed single-crystalline Si thin films 220 
in the aforementioned preferred embodiment, the same may alternatively be introduced in the stage of the 

55 Si film 216, or into the overall surface of the Si film 214. In any method, it is possible to finally form the 
device of the three-dimensional structure shown in Fig. 50 or 51. 
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<B·3. Fifteenth Preferred embodiment> 

As hereinabove described, the Si film 214 (Fig. 45) is selectively removed to form the Si filin 216 (Fig. 
46) and thereafter an Ne atom current is applied (Fig. 47) to convert the same to the single-crystalline Si 

5 thin film 220 (Fig. 48). Alternatively, the overall upper surface of the Si film 214 shown in Fig. 45 may be 
irradiated with the Ne atom current to be converted to a single-crystalline thin film, so that the Si film 214 is 
thereafter selectively removed to form the single-crystalline Si thin film 220 shown in Fig. 48. Subsequent 
steps are similar to those of the fourteenth preferred embodiment. 

10 (B-4. Sixteenth Preferred embodiment> 

As hereinabove described, the amorphous or polycrystalline Si film 214 is previously formed (Fig. 45) 
and thereafter irradiated with the Ne atom current, to be converted to a single-crystalline thin film in the 
fifteenth preferred embodiment. Alternatively, the apparatus 100 may be employed after the step shown in 

15 Fig. 43 is completed to grow an amorphous Si thin film on the insulating film 212 while simultaneously 
carrying out application of an Ne atom current, thereby forming a single-crystalline Si thin film on the 
insulating film 212. Thereafter the single-crystalline Si thin film is selectively removed, to form the single
crystalline Si thin film 220 shown in Fig. 48. Subsequent steps are similar to those of the fourteenth and 
fifteenth preferred embodiments. 

20 

<B-5. Seventeenth Preferred embodiment> 

Figs. 52 to 60 are process diagrams in relation to a method according to a seventeenth preferred 
embodiment. As shown in Fig. 52, an amorphous or polycrystalline Si thin film is first formed on a substrate 

25 502 which is made of Si02, by CVD or the like. Thereafter the apparatus 100 is employed to irradiate the Si 
thin film with an Ne atom current, thereby converting the Si thin .film to a single-crystalline Si thin film 504 
which is regulated in crystal orientation so that a (100) plane is exposed on the upper surface. Alternatively, 
the apparatus 101 may be employed in place of the apparatus 100, to grow an amorphous Si thin film on 
the substrate 502 while irradiating the same with an Ne atom current for forming the single-crystalline Si 

30 thin film 504. 
Then, the upper surface of the single-crystalline Si thin film 504 is selectively thermally oxidized, to 

form LOCOS layers 506, as shown in Fig. 53. Thereafter p·type or n-type impurities are introduced into the 
respective ones of single-crystalline Si thin film regions 508, 510 and 512 which are isolated from each 
other by the LOCOS layers 506, thereby converting these single-crystalline Si thin film regions 508, 510 

35 and 512 to p-type or n-type semiconductor regions, as shown in Fig. 54. 
Then, gate oxide films 514 and 515 of SiO:i and gate electrodes 516 and 517 of polycrystalline Si are 

formed on the upper surfaces of the single-crystalline Si thin film regions 512 and 510 respectively, as 
shown in Fig; 55. Thereafter these gate oxide films 514 and 515 and gate electrodes 516 and 517 are used 
as masks to selectively introduce n-type and p-type impurities into the single-crystalline Si thin film regions 

40 512 and 510 from the upper surfaces, as shown in Fig. 56. Consequently, source and drain layers are 
formed in the single-crystalline Si thin film regions 512 and 510 respectively. 

Then, an insulating film 526 of SiO:i is formed on an upper surface portion excluding the upper surface 
of the 
single-crystalline Si thin film region 508, as shown in Fig. 57. Thereafter the apparatus 101 is employed to 

45 apply an 'Ne atom current from the upper surface, as shown in Fig. 58. At this time, only the single
crystalline Si thin film region 508 which is not covered with the insulating film 526 of SiO:i is selectively 
irradiated. Directions of irradiation are set in a plurality of directions which are perpendicular to a plurality of 
densest planes (111) of single-crystalline Si which is so oriented that one (111) plane is exposed on the 
upper surface. Thus, the single-crystalline Si thin film region 508 is converted to a single-crystalline Si layer 

50 530 which is so regulated in crystal orientation that the (111) plane is exposed on the upper surface. 
Namely, the crystal orientation of the single-crystalline Si thin film region 508 is converted. The region 528 
which is masked with the insulating film 526 of Si02 and not subjected to irradiation is a region to be 
provided with a CMOS element. On the other hand, the single-crystalline Si layer 530 which is converted in 
crystal orientation is provided with a pressure sensor, for example. Then, an insulating film 532 of SiO:i is 

55 formed on the overall upper surface, as shown in Fig. 59. This insulating film 532 includes the insulating 
film 526. Thereafter a desired portion of the insulating film 532 is selectively etched to form an opening for 
serving as a contact hole. Further, a conductive wiring layer 534 of aluminum, for example, is applied to the 
overall upper surface of the insulating film 532 including the contact hole, and this wiring layer 534 is 
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thereafter selectively removed to couple the elements in a desired manner (Fig. 60). 
Due to the aforementioned steps, a CMOS 528 and a pressure sensor 536 are formed in the single

crystalline Si thin film 504 by single-crystalline Si materials having different crystal orientations in a parallel 
manner. The single-crystalline Si forming the CMOS 528 is preferably oriented so that a (100) plane is 

s along the major surface of the substrate, while the single-crystalline Si forming the pressure sensor is 
preferably oriented so that the (111) plane is along the major surface of the substrate. In the method 
according to this preferred embodiment, it is possible to form a composite device in which a plurality of 
elements having different preferable crystal orientations are provided in the same single-crystalline Si thin 
film. In the method according to this preferred embodiment, further, it is possible to form an element which 

10 is made from single-crystalline Si on the substrate 502 of SiD2. which is not a single crystal. Namely, this 
method has such an advantage that the material for the substrate is not limited. 

(B-6. Eighteenth Preferred embodiment> 

1s As hereinabove described, an amorphous or polycrystalline Si thin film is formed on the substrate 502 
by CVD or the like and thereafter the overall UP,per surface of this Si thin film is irradiated with an Ne atom 
current so that the overall region thereof is converted to the single-crystalline Si thin film 504 which is so 
oriented that the (100) plane is exposed on the upper surface (Fig. 52). A!ternatively, a masking material 
540 having a prescribed masking pattern may be formed on an upper surface to be thereafter irradiated 

20 with an Ne atom current, so that only a region of an Si thin film to be provided with a CMOS is selectively 
irradiated with the Ne atom current, as shown in Fig. 61. Thus, only the region to be provided with a CMOS 
is converted to a single-crystalline Si thin film 542 having an upper surface of a (100) plane, while another 
region 544 remains in the original state of the amorphous or polycrystalline Si thin film. Subsequent steps 
are similar to those of the seventeenth preferred embodiment. 

25 The method according to the eighteenth preferred embodiment has an effect similar to that of the 

30 

seventeenth preferred embodiment. Namely, it is possible to form a composite device in which a plurality of 
elements having different preferable crystal orientations are provided in the same single-crystalline Si thin 
film. Further, this preferred embodi.ment has such an advantage that the material for the substrate is not 
limited, similarly to the seventeenth preferred embodiment. 

<B-7. Nineteenth Preferred embodiment> 

Fig. 62 is a front elevational view showing the structure of a sample holder in an apparatus for forming a 
single-crystalline thin film according to a nineteenth preferred embodiment of the present invention. This 

35 sample holder is assembled into the apparatus 100 in place of the sample holder 10. In this sample holder, 
a reflector 12 is fixed to a fixed table 702 through ·supports 712. Further, a movable table 706 is horizontally 
slidably supported by the fixed table 702. A seating portion of this movable table 706 is fitted with a screw 
708 which is rotated/driven by. a motor 710, to be horizontally moved following rotation of the screw 708. 
This seating portion is provided with a horizontal driving mechanism (not shown) having a motor and a 

40 screw similarly to the fixed table 702, to horizontally drive an upper member of the movable table 706. A 
direction for sliding the seating portion is perpendicular to that for sliding the upper member. A substrate 11 
to be irradiated is placed on the upper member. This substrate 11 is located under the reflector 12: 

Fig. 63 is a plan view typically showing an operation of this sample holder. The substrate 11 is relatively 
scanned with respect to the reflector 12 along two orthogonal directions by action of the two horizontal 

45 driving mechanisms. Therefore, it is possible to homogeneously irradiate the overall surface of the substrate 
11, which has a wider area as compared with an opening of the reflector 12 serving as an opening for 
passing beams, with the beams. 

When this sample stand is employed, it is possible to efficiently apply the beams by employing an 
apparatus 101a for forming a single-crystalline thin film which comprises a magnetic lens 720, as shown in 

50 Fig. 64. The magnetic lens 720 is adapted to focus an ion current which is downwardly sprayed from an ion 
source 2 into the form of a strip. Fig. 65 is a model diagram showing such a state that an ion current is 
focused by the magnetic lens 720. Due to the action of the magnetic lens 720, the ion current has a strip
type sectional shape in the vicinity of the reflector 12f. Therefore, the reflector 12f also has a shape along 
this strip. Similarly to those in the apparatuses 100 and 101, the ion current is substantially converted to a 

55 neutral atom current in the vicinity of the reflector 12f. The substrate 11 is irradiated with components 726 
of the atom current reflected from the reflector 12f and directly incident components 724. The angle of 
inclination of the reflector 12f is so adjusted that directions of incidence of these two components are 
orthogonal to a plurality of densest planes of a single-crystalline thin film to be formed respectively. 
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It is possible to efficiently irradiate a wide region on the substrate 11 in single scanning, by scanning 
the substrate 11 in a direction 728 which is perpendicular to the "strip of the atom current". Therefore, it is 
possible to attain irradiation of the substrate 11 having a wide area in a small number of scanning times. In 
other words, it is possible to form a single-crystalline thin film with higher efficiency by employing the 

s apparatus 101 a. This is particularly effective when the width of the substrate 11 is shorter than a major axis 
width of the "strip of the atom current". At this time, the substrate 11 may simply be scanned along one 
direction 728, whereby a single-crystalline thin film can be further efficiently formed. Further, the driving 
mechanism provided in the sample holder is sufficiently implemented only by a single driving mechanism 
which is integrated in the fixed table 702, whereby the sample holder is simplified in structure. 

10 

<B-8. Twentieth Preferred embodiment> 

Fig. 66 is a front elevational view typically showing the structure of a reflector support which is provided 
in an apparatus for forming a single-crystalline thin film according to a twentieth preferred embodiment of 

15 the present invention. This reflector support rotatably supports an end of a reflector 802 by a hinge 804, 
while rotatably supporting another end by. another hinge 806 which is provided on the forward end of a 
connecting bar 808. The connecting bar 808 is axially driven by a piston 810. Following the axial movement 
of the connecting bar 808, the reflector 802 is rotated about the hinge 804. Consequently, an angle 1:1 of 
inclination of a reflecting surface is changed in the reflector 802. Namely, the angle of inclination is variable 

20 in the reflecting surface of the reflector 802 provided in this apparatus. Thus, it is possible to form single· 
crystalline thin films having various crystal orientations and crystal structures by employing a single 
apparatus. Namely, formation of various types of single-crystalline thin films can be economically attained. 

Further, it is possible to efficiently form various types of single-crystalline thin films on a single 
substrate 11. This is because various types of single-crystalline thin films can be formed while inserting the 

25 substrate 11 in the apparatus. It is possible to instantaneously set a prescribed angle of inclination by 
controlling the operation of the piston 810 by a computer. 

(B-9. Twenty-first Preferred embodiment> 

30 Fig. 67 is a plan view typically showing the structure of a reflector support 902 which is provided in an 
apparatus for forming a single-crystalline thin film according to a twenty-first preferred embodiment of the 
present invention. This reflector support 902 comprises a plurality of arms 904 which are rotated/driven 
about vertical axes. Each one of a plurality of reflectors 906a to 906f, which are different from each other, is 
mounted on a forward end portion of each arm 904. The plurality of reflectors 906a to 906f are .so formed 

35 that numbers or angles of incidence of atom current components which are incident upon a substrate 11 are 
different from each other. Namely, the reflectors 906a to 906f are different from each other in numbers of 
reflecting surfaces and angles of inclination. Since the arms i:io4 are rotated/driven, it is possible to 
arbitrarily select a desired reflector to be set in an irradiated region 908 which is irradiated with the atom 
current from the plurality of types of reflectors 906a to 906f. 

40 Therefore, it is possible to form single-crystalline thin films having ·various crystal orientations and 

45 

crystal structures only by a single apparatus, similarly to the apparatus according tO the twentieth preferred 
embodiment. Namely, it is possible to economically form various types of single-crystalline thin films. 
Further, it is possible to efficiently form various types of single-crystalline thin films on a single substrate 
11. 

<B-10. Twenty-second Preferred embodiment> 

The reflector(s) and the reflector support provided in each of the nineteenth to twenty-first preferred 
embodiments can also be employed in the apparatus 101, in place of the apparatus 100. Namely, the 

50 reflector(s) and the reflector support can be applied to both of an apparatus for forming an amorphous or 
polycrystalline thin film and thereafter converting the same to a single-crystalline film and an apparatus for 
simultaneously carrying out these operations. 

55 

(B-11. Twenty-third Preferred embodiment> 

Fig. 68 is a plan view typically showing the structure of an apparatus for forming a single-crystalline thin 
film according to a twenty-third preferred embodiment of the present invention. In this apparatus, an etching 
unit portion 1104 for etching a substrate 11, a film forming unit portion 1106 for forming an amorphous or 
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polycrystalline thin film on the substrate 11 , and an irradiation unit portion 1108 for irradiating the substrate 
11 with an atom current are arranged around a carrier chamber 1102. Further, treatment chambers for 
storing the substrate 11 in the respective unit portions 1104, 1106 and 1108 communicate with each other 
through the carrier chamber 1102. The carrier chamber 1102 is provided with an inlet 1110 and an outlet 

5 1112 for receiving and discharging the substrate 11 respectively. Both of the inlet 111 O and the outlet 1112 
are provided with airtight switchable doors (not shown). The carrier chamber 1112 is provided with a carrier 
robot 1114, which receives and discharges the substrate 11 while automatically inserting and extracting the 
same into and from the respective treatment chambers. 

· In the apparatus according to this preferred embodiment, the respective treatment chambers commu· 
10 nicate with each other, whereby it is possible to immediately start formation of a thin film after carrying out 

etching for removing an oxide film before forming a thin film on the substrate 11 while preventing new 
progress of oxidation. Thus, it is possible to reliably form a thin film having excellent and homogeneous 
characteristics while efficiently carrying out respective treatments. Further, it is possible to efficiently carry 
the substrate 11 into the respective treatment chambers due to provision of the carrier robot 1114. 

15 

(8·12. Twenty-fourth Preferred embodiment> 

Fig. 69 is a front sectional view typically showing the structure of an apparatus for forming a single
crystalline thin film according to a twenty-fourth preferred embodiment of the present invention .. This 

20 apparatus comprises two ECR ion sources 1204a and 1204b, in place of the reflector 12. Namely, atom 
currents which are supplied from the ECR ion sources 1204a and 1204b are directly incident upon the 
upper surface of a substrate 11. These ECR ion sources 1204a and 1204b are set to have prescribed 
angles with respect to the major surface of the substrate 11. Consequently, the atom currents are incident 
upon the upper surface of the substrate 11 in directions of incidence which are perpendicular to a_ plurality 

25 of densest planes of a single-crystalline thin film to be formed. It is possible to form a single-crystalline thin 
film on the substrate 11 also by employing such an apparatus having a plurality of beam sources, in place 
of the apparatus 100 comprising the reflector 12. 

In this apparatus, a mechanism for adjusting the attitude of the substrate 11 is further added to a 
sample holder 1208 which is set in a treatment chamber 1202. Namely, the sample holder 1208 is rotatable 

30 in a horizontal plane, whereby it is possible to rotate the substrate 11 for directing an orientation flat 11 a, 
which may be provided in the substrate 11, to a prescribed direction. When the substrate 11 which is 
placed on a carrier unit 1206 is carried through an inlet 1204 provided on a side surface of the treatment 
chamber 1202 of this apparatus and placed on the sample holder 1208, optical means detects the direction 
of the orientation flat 11 a and the sample holder 1208 is rotated by a prescribed amount in order to correct 

35 the direction to a prescribed one. The amount of rotation is calculated by a control unit part (not shown) 
storing a computer therein. 

The direction of the orientation flat 11 a generally has a constant relation to the crystal orientation of a 
single-crystalline layer forming the substrate 11. Therefore, it is possible to set the crystal orientation of the 
single-crystalline layer forming the substrate 11 and that of a single-crystalline thin film to be newly formed 

4Q thereon regularly in a desired relation by setting the orientation flat 11 a in a prescribed direction. Thus, it is 
also possible to epitaxially form a new single-crystalline thin film on the single-crystalline layer forming the 
substrate 11, for example, by employing this apparatus. 

Fig. 70 is a front sectional view typically showing the structure of another apparatus for forming a 
single-crystalline thin film according to the twenty-fourth preferred embodiment of the present invention. 

45 Also in this apparatus, it is possible to horizontally rotate a substrate 11 to adjust its attitude. Namely, a 
sample holder 1208 can be horizontally rotated by a rotation driving part 1214. This apparatus further 
comprises a crystal orientation detecting unit portion 121 O for detecting the crystal orientation of the 
substrate 11 having a single-crystalline structure. The crystal orientation detecting unit portion 1210 has a 
function of irradiating the surface of the substrate 11 with X-rays, for example, and catching a diffraction 

5o image thereof. An electric signal expressing the diffraction image obtained by the crystal orientation 
detecting unit portion 121 O is transmitted to a control part 1212 storing a computer therein. The control part 
1212 decodes the diffraction image from this signal to calculate the crystal orientation in the substrate 11 
while calculating difference between the same and a desired crystal orientation, and instructs an angle of 
rotation for correcting the orientation to the rotation driving part 1214. The rotation driving part 1214 rotates 

55 the sample holder 1208 along the instruction. The aforementioned operation eliminates the difference, to 
regularly set the crystal orientation of the single-crystalline layer forming the substrate 11 and that of the 
single-crystalline thin film to be newly formed thereon in a desired relation. 
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The apparatus shown in Fig. 70 has such an advaritage that the crystal orientation can be adjusted with 
respect to an arbitrary single-crystalline substrate having no orientation flat 11 a, dissimilarly to the 
apparatus shown in Fig. 69. Considering that the relation between the crystal orientation of the substrate 11 
and the direction of the orientation flat 11 a is not accurate in general, it can be said that the apparatus 

5 shown in Fig. 70 can adjust the crystal orientation in higher accuracy as compared with the apparatus 
shown in Fig. 69. 

{B-13. Twenty-fifth Preferred embodiment> 

10 Fig. 71 is a partially fragmented front elevational view typically showing a sample holder which is 
provided in an apparatus for forming a single-crystalline thin film according to a twenty-fifth preferred 
embodiment of the present invention. This sample holder is employed along with the apparatus 101. 
Namely, this sample holder is employed in an apparatus for growing an amorphous or polycrystalline thin 
film by supplying a reaction gas onto a substrate 11 while irradiating the same with an atom current. In this 

15 sample holder, a reflector 12 is fixedly supported on a fixed table 1302 through a support 1304. A rotatable 
table 1306 for receiving the substrate 11 is connected with a rotary shaft 1308, which is rotated/driven by an 
rotation/driving unit portion (not shown) thereby rotating the rotatable table 1306. Upon such rotation of the 
rotatable table 1306, the substrate 11 which is placed thereon is rotated. It is possible to eliminate 
inhomogeneity appearing in the thickness of the as-grown thin film due to inhomogeneity in a reaction 

20 system, i.e., inhomogeneity in distribution of a reaction gas onto the substrate 11 or that in temperature 
distribution on the substrate 11 by rotating the substrate 11 and properly changing its direction. On the 
other hand, relative positions of the reflector 12 and the substrate 11 are changed upon rotation of the. 
substrate 11. When this sample holder is employed, therefore. application of the atom current is intermit
tently carried out so that the direction of the substrate 11 is changed to carry out only growth of a thin film, 

25 i.e., only film formation, with limitation to irradiation pauses. Further, the direction of the substrate 11 is 
returned to the original one before next irradiation is started: These operations are repeated to carry out film 
formation and conversion to a single crystal. 

Fig. 72 is a plan view typically showing another example of the sample holder. This sample holder is 
adapted to implement treatment of the substrate 11 in a batch processing system, and employed in 

30 combination with the apparatus 100. In this sample holder, substrates 11 to be treated are placed on 
peripheral portions of a rotary shaft of a rotatable table 1310. Fig. 72 illustrates such an example that four 
substrates 11 are placed. Among these substrates 11, only that provided in a position of "A" in Fig. 72, for 
example, is irradiated with an atom current. A reaction gas is supplied in all positions "A" to "D". 

When the rotatable table 1310 is intermittently rotated, the substrate 11 occupying the position "A" is 
35 subjected to both of irradiation and supply of the reaction gas. Namely, film formation and single 

crystallization progress at the same time. In the respective ones of the remaining positions "B" to "D", only 
supply of the reaction gas is carried out with progress of only film formation. Further, the directions of the 
substrates 11 are varied with the positions "A" to "D". When the substrates 11 successively itinerate the 
positions "A" to "D", therefore, it is possible to eliminate inhomogeneity in degree of film formation caused 

40 by inhomogeneity in a reaction system. Namely, it is possible to form a single-crystalline thin film having a 
uniform thickness on each substrate 11 also by employing this sample holder. Further, it is possible to 
regularly carry out irradiation with an atom current in the position "A". Therefore, it is possible to further 
efficiently form a single-crystalline thin film as compared with a case of employing the sample holder shown 
in Fig. 71. 

45 

<B-14. Twenty-sixth Preferred embodiment> 

Fig. 73 is a front sectional view typically showing a sample holder which is provided in an apparatus for 
forming a single-crystalline thin film according to a twenty-sixth preferred embodiment of the present 

50 invention. In this sample holder, a reaction gas supply member 1412 defining a reaction gas supply path in 
its interior is rotatably mounted on a bottom portion of a treatment vessel 1402 while maintaining an airtight 
state. Therefore, this sample holder is suitably integrated in the apparatus 100 having no separate reaction 
gas supply system. 

This reaction gas supply member 1412 is rotated/driven by a belt 1428. The reaction gas supply 
55 member 1412 is in a three layer structure provided with an inner pipe 1416 which is located on the 

innermost layer, an outer pipe 1414 which is located on the outermost layer, and an intermediate pipe 1418 
which is located on the intermediate layer. Thus, the reaction gas supply member 1412 defines a supply 
path and an exhaust path for a reaction gas between the respective layers. Further, a reaction gas supply 
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port 1420 and a reaction gas discharge port 1426 are rotatably coupled to the reaction gas supply member 

1412 through rotary seals 1430 and 1432 for maintaining airtightness respectively. 

In addition, a support 1406 for fixedly supporting a sample fixing table 1404 is inserted in the interior of 

the reaction gas supply member 1412. A substrate 11 serving as a sample is placed on the sample fixing 

s table 1404, while a heater 1408 for heating the sample is provided on a bottom surface of the sample fixing 

table 1404. This heater 1408 may be rotated at need, in order to improv~ temperature distribution on the 

substrate 11 . The sample fixing table 1404 is so fixed that the same is not rotated following rotation of the 

reaction gas supply member 1412. 
A reaction gas which is supplied from the reaction gas supply port 1420 passes through the supply 

10 path defined between the intermediate pipe 1418 and the inner pipe 1416, to be sprayed toward the upper 

surface of the substrate 11 from a reaction gas spray port 1422. A reacted residual gas enters another path 

which is defined between the outer pipe 1414 and the intermediate pipe 1417, i.e., the exhaust path from a 

reaction gas collection port 1424, and further passes this exhaust path to be discharged to the exterior from 

the reaction gas discharge port 1426. It is possible to homogeneously grow a prescribed thin film on the 

15 substrate 11 by rotating the reaction gas supply member 1412. Further, it is possible to continue the growth 

without interrupting irradiation with an atom current, since the substrate 11 is not rotated. Namely, it is 

possible to homogeneously form a film without interrupting single crystallization caused by irradiation with 

an atom current in this sample holder. Thus, it is possible to further efficiently form a single-crystalline thin 

film of a uniform thickness on the substrate 11. 
20 

<B-15. Twenty-seventh Preferred embodiment> 

Fig. 74 is a front sectional view typically showing the structure of an apparatus for forming a single

crystalline thin film according to a twenty-seventh preferred embodiment of the present invention. This 

2s apparatus comprises two ECR ion sources 1204a and 1204b, similarly to the apparatus shown in Fig. 69. 

The feature of the apparatus according to this preferred embodiment resides in provision of control unit 

portions 1502 and 1504 for independently adjusting density levels of ion beams generated from the two 

ECR ion sources 1204a and 1204b. These control unit portions 1502 and 1504 separately, i.e., indepen

dently control the outputs of the two ECR ion sources 1204a and 1204b, whereby it is possible to easily 

30 optimize density levels of the ion beams supplied from the same. Thus, it is possible to stably form a high

quality single-crystalline thin film on the substrate 11. 

<B-16. Twenty-eighth Preferred embodiment> 

35 Fig. 75 is a front sectional view typically showing the structure of an apparatus for forming a single-

crystalline thin film according to a twenty-eighth preferred embodiment of the present invention. This 

apparatus also comprises two ECR ion sources 1204a and 1204b, similarly to the apparatus shown in Fig. 

74. The feature of the apparatus according to this preferred embodiment resides in that a bias voltage is 

applied across the two ECR ion sources 1204a and 1204b and a substrate 11, in a direction tor accelerating 

4() ions. Namely, a de voltage supply circuit is interposed in parallel in a series circuit of an RF power source 

1602 for generating a high frequency and a matching circuit 1604 for ensuring impedance matching, i.e., a 

circuit for supplying a high frequency to the ECR ion sources 1204a and 1204b. The de voltage supply 

circuit is formed by a series circuit of a de power source 1606 and an inductor 1608 for blocking a high 

frequency. 
45 Supply of the high frequency and that of the de voltage are allotted to the tWo ECR ion sources 1204a 

and 1204b by time sharing through action of a switching relay 1610. These are alternately supplied to the 

two ECR ion sources 1204a and 1204b by time sharing, in order to prevent disturbance of a normal flow of 

an ion current caused by interference of de voltages applied thereto. 

In the apparatus according to this preferred embodiment, a bias voltage is applied across the ECR ion 

50 sources 1204a and 1204b and the substrate 11 in a direction for accelerating ions, whereby the atom 

current is advantageously improved in directivity. A similar effect is attained also when the bias voltage is 

simultaneously supplied to the two ECR ion sources 1204a and 1204b in place of the alternate supply by 

time sharing. Alternatively, two de voltage supply circuits may be provided to independently supply bias 

voltages to the two ECR ion sources 1204a and 1204b respectively. In this case, it is possible to apply 

55 opti,mum bias voltages to the respective ECR ion sources 1204a and 1204b, whereby optimum irradiation 

conditions can be obtained. 
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<B-17. Twenty-ninth Preferred embodiment> 

Fig. 76 is a front sectional view typically showing the structure of an apparatus for forming a single
crystalline thin film according to a twenty-ninth preferred embodiment of the present invention. This 

5 apparatus also comprises two ECR ion sources 1204a and 1204b, similarly to the apparatus shown in Fig. 
75. The feature of the apparatus according to this preferred embodiment resides in that grids 1702 and 
1704 to which bias voltages for adjusting ion extracting conditions are applied are provided in the vicinity of 
ion outlet ports of the two ECR ion sources 1204a and 1204b. De power sources 1706 and 1708 are 
interposed between the grids 1702 and 1704 and a substrate 11 respectively. The two grids 1702 and 1704 

10 are separated from each other,. so that the voltages applied thereto can be adjusted independently of each 
other. 

When bias voltages are applied across the grids 1702 and 1704 and the substrate 11 in directions for 
accelerating ions, for example, an atom current is improved in directivity. In this apparatus, further, the 
levels of the bias voltages which are applied to the two grids 1702 and 1704 can be adjusted independently 

15 of each other, whereby it is possible to apply optimum bias voltages in response to operating states of the 
two ECR ion sources 1204a and 1204b. Thus, it is possible to efficiently form a high-quality single· 
crystalline thin film on the substrate 11. 

While the invention has been shown and described in detail, the foregoing description is in all aspects 
illustrative and not restrictive. It is therefore understood that numerous modifications and variations can be 

20 devised without departing from the scope of the invention. 

Claims 

1. A method of forming a single-crystalline thin film. being adapted to form a single-crystalline thin film of 
25 a prescribed material on a substrate, by previously forming an amorphous thin film or a polycrystalline 

thin film of said prescribed material on said substrate and irradiating said amorphous thin film or said 
polycrystalline thin film with beams of neutral atoms or neutral molecules of low energy levels causing 
no sputtering of said prescribed material under a high temperature of not more than a crystallization 
temperature of said prescribed material from directions being perpendicular to a plurality of densest 

30 crystal planes, having different directions, in said single-crystalline thin film to be formed. 

35 

40 

2. A method of forming a single-crystalline thin film in accordance with claim 1, ··wherein. the atomic 
weights of atoms forming said beams are lower tha.n the maximum one of the atomic weights of 
elements forming said prescribed material. 

3. A method of forming a single-crystalline thin film in accordance with claim 1, wherein said beams are 
obtained by a single electron cyclotron resonance type ion generation source and a reflector being 
arranged in a path betw~en said ion generation source and said amorphous thin film or said 
polycrystalline thin film. 

4. A method of forming a single-crystalline thin film of a prescribed material on a polycrystalline substrate · 
or an amorphous substrate using plasma chemical vapor deposition by supplying a reaction gas onto 
said substrate under a low temperature allowing no crystallization of said prescribed material with said 
plasma chemical vapor deposition alone while simultaneously irradiating said substrate with beams of a 

45 low energy gas causing no sputtering of said prescribed material from directions being perpendicular to 
a plurality of densest crystal planes having different directions in said single-crystalline thin film to be 
formed. 

5. A method of forming a single-crystalline thin film in accordance with claim 4, wherein said gas is an 
50 inert gas. 

55 

6.. A method of forming a single-crystalline thin film in accordance with claim 5, wherein the atomic weight 
of an element forming said inert gas is lower than the maximum one of the atomic weights of elements 
forming said prescribed material. 

7. A method of forming a single-crystalline thin film in accordance with claim 4, wherein said prescribed 
material contains an element forming a gas material being in a gas state under ordinary temperatures, 
said beams of said gas being those of said gas material. , 
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8. A method of forming a single-crystalline thin film in accordance with claim 4, wherein said reaction gas 
contains a reaction gas material being formed by an impurity element to be added to said prescribed 
material. 

5 9. A method of forming a single-crystalline thin film in accordance with claim 8, wherein a plurality of 
types of said impurity elements are so employed that a plurality of types of reaction gas materials 
being formed by respective ones of said plurality of types of impurity elements are alternately supplied 
onto said substrate. 

10 10. A method of forming a single-crystalline thin film in accordance with claim 4, wherein said beams of 
said gas are obtained by a single beam source and a reflector being arranged in a path between said 
beam source and said substrate. 

11. A method of forming a single-crystalline thin film in accordance with claim 10, wherein said beam 
75 source is an ion generation source generating an ion beam of said gas, and said reflector is a metal 

reflector being substantially made of a meta.I. 

20 

12. A method of forming a single-crystalline thin film in accordance with. claim 10, wherein said beam 
source is an electron cyclotron resonance type ion generation source. 

13. A beam irradiator for irradiating a target surface of a sample with a gas beam, said beam irradiator 
comprising: 

a container for storing said sample; and 
a beam source for irradiating said target surface of said sample being set in a prescribed position 

25 of said container with said gas beam, 
at least a surface of a portion irradiated with said beam being made of a material having threshold 

energy being higher than energy of said beam in sputtering by irradiation with said beam among an 
inner wall of said container and a member being stored in said container. · 

30 14. A beam irradiator for irradiating a target surface of a sample with a gas beam, said beam irradiator 
comprising: 

a container for storing said sample; and 
a beam source for irradiating said target surface of said sample being set in a prescribed position 

of said container with said gas beam, 
35 at least a surface of a portion irradiated with said beam being made of a material having threshold 

energy with respect to sputtering being higher than that in said target surface of said sample among an 
inner wall of said container and a member being stored in said container. 

15. A beam irradiator for irradiating a target surface of a sample with a gas beam, said beam irradiator 
40 comprising: 

a container for storing said sample; and 
a beam source for irradiating said target surface of said sample being set in a prescribed position 

of said container with said gas beam, 
at least a surface of a portion irradiated with said beam being made of a material containing an 

45 element being larger in atomic weight than that forming said gas among an inner wall of said container 
and a member being stored in said container. 

16. A beam irradiator for irradiating a target surface of a sample with a gas beam, said beam irradiator 
comprising: , 

50 a container for storing said sample: and 
a beam source for irradiating said target surface of said sample being set in a prescribed position 

of said container with said gas beam, 
at least a surface of a portion irradiated with said beam being made of the same material as that 

forming said target surface of said sample among an inner wall of said container and a member being 
55 .stored in said container. 

17. A beam irradiator in accordance with any of claims 13 to 16, wherein said member being stored in said 
container includes reflecting means being interposed in a path of said beam for separating said beam 
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into a plurality of components and irradiating said target surface of said sample with said plurality of 
components from directions being different from each other. 

18. A beam irradiating method of irradiating a target surface of a sample with a gas beam, said method 
5 comprising: 

a step of setting said sample in a prescribed position of a container; and 
a step of irradiating said target surface of said sample being set in said container with said gas 

beam, 
said target surface being irradiated with said beam at energy being lower than threshold energy of 

10 sputtering in a surface of a portion being irradiated with said beam among an inner wall of said 
container and a member being stored in said container. 

19. A method of forming a single-crystalline thin film, being adapted to form a single-crystalline thin film of 
a prescribed material on a substrate, said method comprising: 

15 a step of depositing said prescribed material on said substrate under a low temperature causing no 
crystallization of said prescribed materi.al and irradiating said prescribed material being deposited with a 
gas beam of low energy causing no sputtering of said prescribed material from one direction, thereby 
forming an axially oriented polycrystalline thin film of said material; and 

a step of irradiating said axially oriented polycrystalline thin film with gas beams of low energy 
20 causing no sputtering of said prescribed material under a high temperature below a crystallization 

temperature of said prescribed material from directions being perpendicular to a plurality of densest 
crystal planes of different directions in said single-crystalline thin film, thereby converting said axially 
oriented polycrystalline t.hin film to a single-crystalline thin film. 

25 20. A method of forming a single-crystalline thin film, being adapted to form a single-crystalline thin film of 
a prescribed material on a substrate, said method comprising: 

a step of depositing said prescribed material on said substrate thereby forming a thin film of said 
material; 

a step of irradiating said thin film with a gas beam of low energy causing no sputtering of said 
30 prescribed material under a high temperature below a crystallization temperature of said prescribed 

material from one direction after said step, thereby converting said thin film to an axially oriented 
polycrystalline thin film; and 

a step of irradiating said axially oriented polycrystalline thin film with gas beams of low energy 
causing no sputtering of said prescribed material under a high temperature below said crystallization 

35 temperature of said prescribed material from directions being perpendicular to a plurality of densest 
crystal planes of different directions in said single-crystalline thin film, thereby converting said axially 
oriented polycrystalline thin film to a single-crystalline thin film. 

21. A method of forming a single-crystalline thin film in accordance with claim 19 or 20, wherein said 
40 direction of said gas beam in formation of said axially oriented polycrystalline thin film is identical to 

one of said plurality of directions of said gas beams in said conversion ·of said axially oriented 
polycrystalline thin film to said single-crystalline thin film. 

22. A method of forming a single-crystalline thin film in accordance with claim 19 or 20, wherein said gas is 
45 an inert gas. 

50 

23. A method of forming a single-crystalline thin film in accordance with claim 22, wherein the atomic 
weight of an element forming said inert gas is lower than the maximum atomic weight among those of 
elements forming said prescribed material. 

24. A method of forming a single-crystalline thin film in accordance with claim 19 or 20, wherein said 
prescribed material contains an element forming a gas material being a gas under a normal tempera
ture, said gas beam being a beam of said gas material. 

55 25. A method of forming a single-crystalline thin film in accordance with claim 19 or 20, wherein said gas 
beam is formed by an electron cyclotron resonance ion source. 
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26. A beam irradiator for irradiating a target surface of a sample with a gas beam, said beam irradiator 
comprising: 

a single beam source for supplying said beam; and 
reflecting means for reflecting said beam being supplied by said beam source, thereby enabling 

5 irradiation of said target surface with said gas in a plurality of prescribed directions of incidence, 

10 

said reflecting means comprising a reflector having a plurality of reflecting surfaces for reflecting 
said beam in a plurality of directions, and a screen being interposed in a path of said beam between 
said beam source and said reflecting surfaces for selectively passing said beam thereby preventing 
multiple reflection by said plurality of reflecting surfaces. · 

27. A beam irradiator in accordance with claim 26, wherein said screen further selectively passes said 
beam to uniformly irradiate said target surface with said beam. 

28. A beam reflecting device for reflecting a gas beam being supplied from a single beam source thereby 
15 enabling irradiation of a target surface of a sample with said gas in a plurality of prescribed directions 

of incidence, said beam reflecting device comprising: 
a reflector having a plurality of reflecting surfaces for reflecting said beam in a plurality of 

directions; and 
a screen being interposed in a path of said beam between said beam source and said reflecting 

20 surfaces for selectively passing said beam thereby preventing multiple reflection by said plurality of 
reflecting surfaces. 

25 

29. A beam reflecting device in accordance with claim 28, wherein said screen further selectively passes 
said beam to uniformly irradiate said target surface with said beam. 

30. A beam irradiator for irradiating a target surface of a sample with a gas beam, said beam irradiator 
comprising: 

a single beam source for supplying said beam; and 
reflecting means for reflecting said beam being supplied by said beam source, thereby enabling 

3o irradiation of said target surface with said gas in a plurality of prescribed directions of incidence, 
said reflecting means comprising a first reflector being arranged in a path of said beam being 

supplied from said beam source for reflecting said beam in a plurality of directions thereby generating 
a plurality of divergent beams having beam sections being two-dimensionally enlarged with progress of 
said beams, and a second reflector having a concave reflecting surface for further reflecting said 

35 plurality of divergent beams to be incident upon said target surface substantially as parallel beams from 
a plurality of directions. 

31. A beam irradiator in accordance with claim 30, wherein said reflecting means further comprises 
rectifying means being provided in a path of said beams between said first reflector and said substrate 

40 for regularizing directions of said beams. 

32. A beam irradiator in accordance with claim 30, wherein said reflecting means further comprises beam 
distribution adjusting means being interposed in a path of said beam between said beam source and 
said first reflector for adjusting distribution of said beam on a section being perpendicular to said path, 

45 thereby adjusting the amounts of respective beam components being reflected by said first reflector in 
said plurality of directions. 

33. A beam reflecting device for reflecting a gas beam being supplied from a single beam source thereby 
enabling irradiation of a target surface of a sample with said gas in a plurality of prescribed directions 

50 of incidence, said beam reflecting device comprising: 
a first reflector for reflecting said beam in a plurality of directions thereby generating a plurality of 

divergent beams having beam sections being two-dimensionally enlarged with progress of said beams; 
and 

a second reflector having a concave reflecting surface for further reflecting said plurality of 
55 divergent beams to be incident upon said target surface substantially as parallel beams from a plurality 

of directions. 
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34. A beam irradiator for irradiating a target surface, of a sample with gas beams, said beam irradiator 
comprising: 

a plurality of beam sources for supplying said gas beams; and 
a plurality of reflecting means for reflecting said beams being supplied by said plurality of beam 

5 sources thereby enabling irradiation of a common region of said target surface with said gas in a 
plurality of prescribed directions of incidence, 

each said reflecting means comprising a first reflector being arranged in a path of each said beam 
being supplied from each said beam source for reflecting said beam thereby generating a beam having 
a beam section being two-dimensionally enlarged with progress of said beam, and a second reflector 

10 having a concave reflecting surface for further reflecting said divergent beam to be incident upon linear 
or strip-shaped said common region of said target surface substantially as a parallel beam, 

said beam irradiator further comprising moving means for scanning said sample in a direction 
intersecting with linear or strip-shaped said common region. 

75 35. A beam irradiator in accordance with claim 34, wherein each said reflecting means further comprises 
rectifying means being provided in a path of each said beam between said first reflector and said 
substrate for regulating the direction of said beam. 

36. A beam reflecting device for reflecting a gas beam being supplied from a beam source thereby 
20 enabling irradiation of a target surface of a sample with said gas in a prescribed direction of incidence, 

said beam reflecting device comprising: 
a first reflector for reflecting said beam thereby generating a divergent beam having a beam 

section being two-dimensionally enlarged with progress of said beam; and 
a second reflector having a concave reflecting surface for further reflecting said divergent beam to 

25 be incident upon a linear or strip-shaped region of said target surface substantially as a parallel beam. 

37. A method of forming a single-crystalline thin film of a prescribed material, comprising: 
(a) a step of forming an amorphous or polycrystalline thin film of said prescribed material on a 
substrate; 

30 (b) a step of forming a masking material on said thin film; 
(c) a step of selectively removing said masking material; and 
(d) a step of irradiating said substrate with gas beams of low energy levels causing no sputtering of 
said prescribed material from directions being perpendicular to a plurality of densest c,Ystal planes 
having different directions in said single-crystalline thin film to be formed while utilizing selectively 

35 removed said masking material as a screen under a high temperature below the crystallization 
temperature of said prescribed material. 

38. A method of forming a single-crystalline thin film in accordance with claim 37, wherein said steps (b) to 
(d) are carried out plural times while varying directions for applying said beams in said step (d), thereby 

40 selectively converting said thin film to a single crystal having a plurality of types of crystal orientations. 

39. A method of forming a single-crystalline thin film of a prescribed material, comprising: 
(a) a step of forming an amorphous or polycrystalline thin film of said prescribed material on a 
substrate; 

45 (b) a step of forming a masking material on said thin film; 
(c) a step of selectively removing said masking material; 
(d) a step of etching said thin film while utilizing selectively removed said masking material as a 
screen, thereby selectively removing said thin film while leaving a specific region on said substrate; 
and 

50 (e) a step of irradiating said substrate with gas beams of low energy levels causing no sputtering of 
said prescribed material from directions being perpendicular to a plurality of densest crystal planes 
having different directions in said single-crystalline thin film to be formed under a high temperature 
below the crystallization temperature of said prescribed material. 

55 40. A method of forming a single-crystalline thin film of a prescribed material, comprising: 
(a) a step of forming an amorphous or polycrystalline thin film of said prescribed material on a 
substrate; 
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(b) a step of irradiating said substrate with gas beams of low energy levels causing no sputtering of 
said prescribed material from directions being perpendicular to a plurality of densest crystal planes 
having different directions in said single-crystalline thin film to be formed under a high temperature 

below the crystallization temperature of said prescribed material; 
s (c) a step of forming a masking material on said thin film after said step (b); 

(d) a step of selectively removing said masking material; and 
(e) a step of etching said thin film while utilizing selectively removed said masking material as a 
screen, thereby selectively removing said thin film. 

10 41. A method of forming a single-crystalline thin film of a prescribed material, comprising: 
(a) a step of forming an amorphous or polycrystalline thin film of said prescribed material on a 
substrate; 
(b) a step of irradiating said substrate with gas beams of low energy levels causing no sputtering of 
said prescribed material from directions being perpendicular to a plurality of densest crystal planes 

15 having different directions in said single-crystalline thin film to be formed under a low temperature 
causing no crystallization of said prescribed material by said step (a) alone while carrying out said 
step (a); · 
(c) a step of forming a masking material on said thin film after said steps (a) and (b); 
(d) a step of selectively removing said masking material; and 

20 (e) a step of etching said thin film while utilizing selectively removed said masking material as a 
screen, thereby selectively removing said thin film. 

42. A method of forming a single-crystalline thin film of a prescribed material, comprising: 
(a) a step of forming an amorphous or polycrystalline thin film of said prescribed material on a 

25 substrate; 
(b) a step of irradiating said substrate with gas beams of low energy levels causing no sputtering of 
said prescribed material from direction.s being perpendicular to a plurality of densest crystal planes 
having different directions in said single-crystalline thin film to be formed under a high temperature 
below the crystallization temperature of said prescribed material; 

30 (c) a step of forming a masking material on said thin film after said step (b); 
(d) a step of selectively removing said masking material; and 
(e) a step of irradiating said substrate with said gas beams of low energy levels causing no 
sputtering of said prescribed material from directions being perpendicular to said plurality of densest 
crystal planes having different directions in said single-crystalline thin film to be formed, said 

35 directions being different from those in said step (b), while utilizing selectively removed said 

masking material as a screen. 

43. An apparatus for forming a single~crystalline thin film of a prescribed material on a substrate, 
comprising: 

40 irradiation means for irradiating said substrate with gas beams of low energy levels causing no 
sputtering of said prescribed material from directions being perpendicular to a plurality of densest 
crystal planes having different directions in said single-crystalline thin film to be formed; and 

substrate moving means for making said substrate scanned with respect to said irradiation means. 

45 44. An apparatus for forming a single-crystalline thin film in accordance with claim 43, further comprising 
beam focusing means for bringing sections of said gas beams into strip shapes on said substrate. 

45. An apparatus for forming a single-crystalline thin film of a prescribed material on a substrate, 
comprising: 

so a single beam source for supplying a beam of a gas; 

55 

a reflector for reflecting at least a part of said beam being supplied by said beam source, thereby 
implementing irradiation of said substrate with said gas in a plurality of prescribed directions of 
incidence; and 

reflector driving means for. varying the angle of inclination of said reflector. 

46. An apparatus for forming a single-crystalline thin film of a prescribed material on a substrate, 

comprising: 
a single beam source for supplying a beam of a gas; 

55 
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a plurality of reflectors, each one of said plurality of reflectors reflecting at least a part of said beam 
being supplied by said beam source, thereby implementing irradiation of said substrate with said gas in 
a plurality of prescribed directions of incidence being related to the angle of inclination of said reflector; 
and 

5 reflector exchange means for selecting a prescribed one from said plurality of reflectors and 
utilizing the same for reflecting said beam. 

47. An apparatus for forming a single-crystalline thin film in accordance with claim 43, 45 or 46, further 
comprising film forming means for forming an amorphous or polycrystalline thin film of the same 

10 material as said single-crystalline thin film on said substrate. 

48. An apparatus for forming a single-crystalline thin film of a prescribed material on a. substrate, 
comprising: 

etching means for etching a surface of said substrate; 
15 film forming means for forming an amorphous or polycrystalline thin film of said prescribed material 

on said surface of said substrate; and 
irradiation means for irradiating said substrate with gas beams of low energy levels causing no 

sputtering of said prescribed material from directions being perpendicular to a plurality of densest 
crystal planes having different directions in said single-crystalline thin film to be formed, 

20 treatment chambers for storing said substrate in said means communicating with each other, 
said apparatus further comprising substrate carrying means for introducing and discharging said 

substrate into and from respective said treatment chambers. 

49. An apparatus for forming a single-crystalline thin film of a prescribed material on a substrate having a 
25 single-crystalline structure, comprising: 

irradiation means for irradiating said substrate with gas beams of low energy levels causing no 
sputtering of said prescribed material from directions being perpendicular to a plurality of densest 
crystal planes having different directions in said single-crystalline thin film to be formed; and 

attitude control means for controlling the attitude of said substrate for setting prescribed relations 
30 between directions of crystal axes of said substrate and directions of incidence of said beams. 

50. An apparatus for forming a single-crystalline thin film of a prescribed material on a substrate, 
comprising: 

film forming means for forming an amorphous or polycrystalline thin film of said prescribed material 
35 on said substrate by supplying a reaction gas; 

40 

irradiation means for irradiating said substrate with gas beams of low energy levels causing no 
sputtering of said prescribed material from directions being perpendicular to a plurality of densest 
crystal planes having different directions in said single-crystalline thin film to be formed; and 

substrate rotating means for rotating said substrate. 

51. An apparatus for forming a single-crystalline thin film of a prescribed material on a substrate, 
comprising: 

film forming means for forming an amorphous or polycrystalline thin film of said prescribed 
45 material on said substrate by supplying a reaction gas; and 

irradiation means for irradiating said substrate with gas beams of low energy levels causing no 
sputtering of said prescribed material from directions being perpendicular to a plurality of densest 
crystal planes having different directions in said single-crystalline thin film to be formed, 

said film forming means having supply system rotating means for rotating an end portion of a 
50 supply path for supplying said substrate with said reaction gas with respect to said substrate. 

52. An apparatus for forming a single-crystalline thin film of a prescribed material on a substrate, 
comprising: 

a plurality of irradiation means for irradiating said substrate with a plurality of gas beams of low 
55 energy levels causing no sputtering of said prescribed material from directions being perpendicular to a 

plurality of densest crystal planes having different directions in said single-crystalline thin film to be 
formed respectively; and 

control means for independently controlling operating conditions in said plurality of irradiation 

56 
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means respectively. 

53. An apparatus for forming a single-crystalline thin film of a prescribed material on a substrate, 

comprising: 
5 irradiation means for irradiating said substrate with beams of a gas being supplied by an ion source 

at low energy levels causing no sputtering of said prescribed material from directions being per

pendicular to a plurality of densest crystal planes having different directions in said single-crystalline 

thin film to be formed; and 
bias means for applying a bias voltage across said ion source and said substrate in a direction for 

10 accelerating ions. 

54. An apparatus for forming a single-crystalline thin film of a prescribed material on a. substrate, 

comprising: 
irradiation means for irradiating said substrate with beams of a gas being supplied by an ion source 

15 at low energy levels causing no sputtering of said prescribed material from directions being per

pendicular to a plurality of densest crystal. planes having different directions in said single-crystalline 

thin film to be formed, a grid being provided in the vicinity of an ion outlet of said ion source; and 

20 

grid voltage applying means for applying a voltage to said grid for controlling conditions for 

extracting ions from said ion source. 

55. A method of forming a single-crystalline thin film in accordance with any of claims 37 to 42, wherein 

the atomic weight of an element forming said gas is lower than the maximum one of the atomic weights 

of elements forming said prescribed material. 

25 56. A method of forming a single-crystalline thin film in accordance with any of claims 37, 38 and 42, 

wherein the atomic weight of an element forming said gas is lower than the maximum one of the atomic 

weights of elements forming said masking material. 

57. An apparatus for forming a single-crystalline thin film in accordance with any of claims 43 and 48 to 52, 

30 wherein said irradiation means comprises an electron cyclotron resonance type ion source, said gas 

beams being supplied by said ion source. 

35 

4Q. 

45 

60 

55 

58. An apparatus for forming a single-crystalline thin film in accordance with claim 45 or 46, wherein said 

beam source is an electron cyclotron resonance type ion source. 

59. An apparatus for forming a single-crystalline thin film in accordance with claim 53 or 54, wherein said 

beam source is an electron cyclotron resonance type ion source. 

57 
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• Ueyama, Sumlyoshl, 
c/o Mega Chips Corporation 
Suita-shl, Osaka-fu (JP) 

(74) Representative: 
KUHNEN, WACKER & PARTNER 
Alols-Steinecker-Strasse 22 
85354 Freislng (DE) 

(54) Method of and apparatus for forming single-crystalline thin fllm 

(57) In order to form a single-crystalline thin film on 
a polycrystalline substrate using plasma CVD, a down· 
wardly directed mainly neutral Ne atom current is 
formed by an ECR ion generator (2). A reaction gas 
such as silane gas which is supplied from a reaction gas 
inlet pipe (13) is sprayed onto an Si02 substrate (11) by 
an action of the Ne atom current; so that an amorphous 
Si thin film is grown on the substrate (11) by a plasma 
CVD reaction. At the same time, a part of the Ne atom 
current having high directivity is directly incident upon 
the substrate (11), while another part thereof is incident 
upon the substrate (11) after its course is bent by a 
reflector (12). The reflector (12) is so set that all direc· 
tions of. the parts of the Ne atom current which are inci· 
dent upon the substrate (11) are perpendicular to 
densest planes of single-crystalline SL Therefore, the 
as-grown amorphous Si is sequentially converted to a 
single-crystalline Si thin film having crystal axes which 

~ are so regulated that the densest planes are oriented 
C"') perpendicularly to the respective directions of inci· 
N · dence, by an action of the law of Bravais. Thus, a single· 
Lt') crystalline thin film is formed on a polycrystalline sub· 
fl) Strate. 
0 
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Field of the Invention 

This invention relates t~ active optical devices, 

such as amplifiers, that op~rate by stimulated emis

sion in laser glass, and more particularly to devices 

made in the fonn of planar optical waveguides. 

Art Background 

Optical amplifiers are important in networks for 

distributing optical signals, Optical fiber amplifiers, 

ma~e from· glass that is doped with rare earth ele

ments such as erbium, are a well-known example. For 

example, U. S. Patent No. 4,826,288, issued to R. J. 
Mansfield, et al. on May 2, 1989, describes one meth

od forfabricating optical fibers having cores with rel

atively high rare earth content However, for applica

tions such as premises distribution of optical signals, 

where components need to be relatively small and de

vice integration is desirable, it is advantageous to pro

vide optical amplifiers in the form of planar wave

guides deposited on silicon substrates. However, as 

currently envisioned, such devices are much shorter 

than optical fiber amplifiers, and the required level of 

doping is correspondingly muc~ greater. 
Attempts to deposit layers of glass at the high 

doping level appropriate for this purpose have been 

generally unsatisfactory. For example, a doped soot 

layer can be formed by chemical vapor deposition, 

and subsequently sintered to form a glass layer. A 

method for forming glass waveguides is described, for 

example, in U.S. Patent No. 4,425, 146; issued to T. 

lzawa, et al., on January 10, 1984. A process forming 

· sintered glasses containing rare earth dopants is de

saibed, for example, in U.S. Patent No. 4,826,288, is

sued to R. J. Mansfield, et al., on May 2, 1989. How

ever, the sintering temperature required, which may 

be as much as about 1200°C, may promote phase 

separation and may damage underlying structures on 

the substrate. As a consequence, it would be advan

tageous to find a core glass composition that can be 

doped with erbium and incorporated in a waveguide 

amplifier without exposing the waveguide structure to 

potentially damaging, high temperatures. 

Summery of the Invention 

In a broad sense, the invention is an active optical 

device in the form of a planar optical waveguiding 

structure. The device includes an elongate, active 

glass core which comprises silicon, oxygen, and er

bium, the erbium being atleast partially in the form of 

Er3+ ions. The active core further comprises an alkali 

metal or alkaline earth metal in an effective quantity 

to prevent clustering of erbium atoms. The device fur

ther includes a glass cladding, means for coupling sig

nal radiation into and out of the active core, and 

means for coupling pump radiation into the active core 

BNSOOCIO; <EP _0510883A2_1_> 

to pump the Eri+ ions. The cladding and core are 

fonned such that they overlie a substantially planar 

principal surface of a substrate. In the active core, the 

erbium-to-silicon atomic ratio is at least about 0.01, 

5 the absolute erbium concentration is at least aboUt 1.4 
x 1020 atoms per cubic centimeter, and the erbium las

ing level has a radiative lifetime of at least about 7 ms. 

In another aspect, the invention is a method for 

forming an optical device on a silicon substrate having 

10 a substantially planar principal surface. The method 

includes, first, the step of forming a first layer of vitr

. eous silicon dioxide on the principal surface. After 

that, a second layer of silica-based glass is deposited 

over the first layer by sputtering a target of silica-ba-

15 sed glass containing sodium and erbium such that the 

second layer has a higher refractive index than the 

first layer. Significantly, the target composition is se

lected such that the core has an erbium-to-silicon 

atomic ratio of at least about 0.01 and a sodium-to-sil-

20 icon atomic ratio in the approximate range 0.2 - 0.6, 
the absolute erbium concentration is at least about 1.4 
x 102° atoms per cubic centimeter, and the target com

position is further selected such that a lasing level is· 

associated with the erbium in the core, ihe lasing level 

25 having a radiative lifetime of at least about 7 ms. After 

the sputtering step, the second layer is annealed such 

that it is stabilized. A portion of the second layer is 

subsequently removed by etching, such that an elon

gate core is formed. After that, a third layer of phos-

30 phosilicate glass is deposited over the core such that 

the third layer has a smaller refractive index than the 

core. 

35 

Brief Description of the Drawings 

FIG. 1 is a schematic, sectional end view of the 

inventive waveguiding structure, according to one 

embodiment. 
FIG. 2 is a schematic, top view of the waveguiding 

40 structure of FIG. 1~ 
FIG. 3 is a schematic, sectional side view of the 

inventive waveguiding structure, according to an al

ternative embodiment. 
FIG. 4 is a flowchart of the steps in an exemplary 

45 process for manufacturing the inventive waveguiding 

structure. 

Detailed Description Of A Preferred Embodiment 

50 The inventive optical amplifier is to be used to am-

plify optical signals by stimulated emission from Er:s+ 

ions. As is well known in the art, the appropriate signal 

wavelength is about 1.55 µm. Various wavelengths of 

pump radiation are readily used to excite the Er3+ ions, 

55 as is described in greater detail below. 
With reference to FIG. 1, a currently preferred em

bodiment of the inventive optical amplifier includes a 

silicon substrate 10, a lower dadding layer 20 overly-
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ing the substrate, a passive core 30 overlying the low-

er cladding layer, an active core 40 overlying the pas-
sive core, and an upper dadding layer 50 overtying 

the active and passive cores and the lower cladding 
layer. In alternative embodiments of the invention, the · 5 

passive core is omitted. 
As is apparent in the figure, the two cores are sub

stantially surrounded by the two cladding layers. The 
refractive indices of the upper and tower cladding lay-
ers are not necessarily equal to each other. However, 10 

they should both be smaller than the refractive index 
of the' active core, and also smaller than the refractive 
index of the passive core. As a consequence of the re.
tractive index differences, electromagnetic radiation 
of the signal wavelength and at least one pump wa- .. 15 

velength is guided in both the active core and the pas-
sive core. (In general, the waveguiding properties of 
the active and passive cores are not distinctly separ-
able. Thus, for example, radiation guided in the active 

core is not guided exclusively therein, but by an effec- 20 

tlve core to which the underlying passive core also 
contributes.) 

Preferably, the active and passive cores function 
as single-mode waveguides, at least with respect to 
the signal wavelength. Thus, signal radiation is prefer· 25 

ably guided exclusively in the fundamental mode. 
However, it should be noted that alternative embodi· 
ments are envisioned in which both the active and the 
passive cores function as multimode waveguides with 
respect to both the signal and pump radiation. 30 

The refractive index of the active core is prefer· 
ably somewhat greater than the refractive index of the 
passive core, in order to capture the greatest possible 
amount of light in the active C:ore. (For example, active 
and passive cores are readily made having respective 35 

refractive indices of 1.50 and 1.45.) As a conse
quence of such refractive index difference, electro
magnetic waves that are guided in the active core will 
have narrower mode profiles than waves guided in the 
passive core. Accordingly, it is advantageous in such 40 

situations to make the active core narrower than the 
passive core. Such a relatively narrow active core 40 

is depicted in FIG. 1. 
Lower cladding layer 20 is formed on an appro-

priately prepared, substantially planar principal sur- 45 

face of substrate 10, which is exemplarily a silicon wa-

fer. Layer 20 is exemplarily a HIPOX layer; i.e., a layer 
of vitreous silicon dioxide that is grown by thermal ox
idation of silicon under high pressure steam according 

to methods that are well-known in the art. The thick- so 
ness of layer 20 should be greater than about 10 µm, 

. because ·optical leakage may occur at substantially 

smaller thicknesses. A currently preferred thickness 
is about 15 µm. 

Passive core 30 is exemplarily made from phos- 55 

phosilicate glass. The phosphorus content, and con
comitantly the refractive index, of the glass is selected 
(with reference to the compositions of layers 20 and 
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50 and active core 40) to provide the desired wave
guiding properties, according to methods well known 

in the art. A useful range of glass compositions for 
passive core 30 consist of silica containing up to 
about 8 wt.% phosphorus, and the phosphorus con

tent more typically lies in the range 4 • 8 wt.%. Core 
30 is exemplarily deposited on layer 20 by low-pres
sure chemical vapor deposition, according to meth

ods that are well-known in the art. The thickness of the 
passive core is exemplarily about 5 µm, and the width 
of the passive core is exemplarily about 7 µm. 

Active core 40 is made from a silica-based glass 
having a relatively high concentration of erbium, e.g., 
glass having an erbium-to-silicon atomic ratio of at 
least about 0.01, preferably at least about 0.02, and 
still more preferably at least about 0.03. Furthermore, 
the absolute erbium concentration is at least about 1.4 
x 1020 atoms per cubic centimeter. A smaller erbium
to-silicon ratio is undesirable because it could lead to 
an undesirably small value of signal gain per unit 

length of the amplifier. 
Various glass-modifying chemical elements 

(hereafter, •modifiers") are advantageously added to 
the glass of the active core in order to increase the sol
ubility of erbium in the glass, and thus to prevent clus
tering of erbium atoms at high concentrations. Certain 
modifiers have been found to inaease erbium soiubll
ity while avoiding concentration-quenching effects, 
which would otherwise reduce the Er3+ radiative life
time below about 7 ms at relatively high concentra· 
lions (i.e., at erbium-to-silicon atomic ratios greater 
than about 0.02). Modifiers that are useful in this re
gard include alkali metals such as sodium and alka
line earth metals such as calcium. 

Modifiers are also usefully incorporated in the ac
tive core glass to control the homogeneous and inho
mogeneous broadening of the Er:t+ absorption and 
emission peaks. Such modifiers include alkali and al
kaline earth metals, which in at least some cases tend 
to make the peaks narrower, and elements such as 
lanthanum. yttrium, and zirconium, which contribute 
high field-strength ions and tend to broaden the 
peaks. Modifiers (such as aluminum and gallium) that 

enhance the degree of cross linkage in the glass net· 
work may also increase the degree of inhomogene.
ous broadening. In some cases, such modifiers are 
advantageously added to offset the effects of other 
modifiers on the absorption and emission peaks. 

Modifiers are also usefully incorporated in order 
to stabilize the glass against devitrification, ciystalli
zation, and attack by moisture during or after film de
position. Modifiers useful for that purpose include cal

cium, magnesium, aluminum, and lanthanum. (Be
cause the active core glass typically has a greater 

thermal expansion coefficient than the undertying sil
icon and silica regions, it may also be advantageous 

to add modifiers that reduce the thennal expansion.) 
Thus, for example, an active core glass with a rel-
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atively high solubility for erbium is readily made by in
corporating in silica glass an effective amount of so
dium. An effective range for the sodium-to-silicon 
atomic ratio is from about 0.2 to about 0.6. An optional 
quantity of calcium, up to a calcium-to-silicon atomic 5 
ratio of about 0.2, is usefully incorporated in order to 
enhance erbium solubility and to stabilize the glass, 
as discussed above. An optional quantity of alumi-
num, up to an aluminum-to-silicon atomic ratio of 
about 0.1, is usefully incorporated in order to stabilize 10 

the glass. Similarly, optional quantities of other modi-
fiers, such as those listed above, are usefully added 
in quantities that are limited, inter alia, by the ultimate 
refractive index desired and the relevant solubility lim-
its. 15 

An exemplary method for depositing active core 
40 is by sputtering, as described in detail below. As. 
noted, the refractive index of active core 40 should be 
greater than those of both cladding layers, and also 
greater than the refractive index of passive core 30. 20 
Significantly, the use of sputtering offers the advan-
tage that.the concentration of Er:i+ ions can be made 
substantially unifonn throughout the active core. 
Moreover, radiation damage (which can oCOJr when 
erbium doping is performed by ion implantation) is 25 
avoided. 

The thickness of the active .core is exemplarily 
about 1.2 µm. If the active core is made substantially 
thinner than about 1.0 µm, there will be no guided 
mode at the signal wavelength. The width of the active 30 
core should be at least about 4 µm, and is exemplarily 
about 8 µm. The total length of the active core is typ-
ically 5 mm or more. . 

Upper cladding layer 50 is advantageously made 
from phosphosilicate glass, exemplarily by low-pres- 35 

sure chemical vapor deposition. In order to provide 
the desired index of refraction. an appropriate content 
of, e.g., phosphorus is selected according to methods 
well known in the art. An exemplary phosphorus con-
tent is about 2 wt.%. The thickness of the upper clad- 40 

ding layer is exemplarily about 5 ~Lm. 
In use. an optical signal at a wavelength of about 

1.55 µm, and pump radiation alleast at one wave
length shorter than 1.55 µm, are coupled into the pas-
sive core, and from the passive core into the active 45 
core. As is well-known in the art, pump radiation is ab
sorbed by Er:i+ ions in the active core, promoting at 
least some of them to the 4 11312 state, which is a lasing 
level of atomic excitation. The lasing level is not 
reached directly, but rather by optical excitation to any 50 

one of several excited states of still higher energy. 
The lasing level is reached by nonradiative decay 
from those higher states. Correspondingly, pump ra
diation is effective at any of a group of wavelengths, 
including 980 nm, 810 nm, 660 nm, 514 nm, and 1.48 55 
µm. 

In order for excitation of erbium ions, and result~ 
ing amplification, to take place, the signal and pump 
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radiation must be coupled from the passive core into 
the adive core, and vice versa. With reference to FIG. 
2, this is readily achieved by providing the active core 
with tapers 60. That is, the active core has two termi
nal portions, each of which is progressively constrict
ed as the corresponding end is approached. The con
striction is in at least one dimension normal to the 
longitudinal axis of the core. The normal dimension 
may be transverse, as shown in FIG. 2, or, as depicted 
in FIG. 3, it may be vertical; i.e., normal to the orien
tation of the deposited layers. 

In the preferred embodiment, the tapers 60 are 
adiabatic; that is, the signal radiation remains in the 
fundamental mode as it is coupled from the passive 
to the active core, and again when it is coupled from 
the active to the passive core. (In the preferred em
bodiment, the active and passive cores are, of course, 
single-mode waveguides with respect to the signal ra
diation.) As is well _known in the art, a taper will be 
adiabatic only if it is relatively gradual. For example, 
a straight-sided taper in this context wlll generally be 
adiabatic if it has a reduction ratio of about 100: 1: i.e., 
the original width (or depth) is constricted, in effect, 
down to zero over a length that is 100 'times the orig
inal width (or depth). The length of each tapered re
gion is exemplarUy about 1 mm. 

Shown in FIG. 3 is a flowchart representing an ex
emplary sequence of steps in the fabrication of the in
ventive optical amplifier. The enumeration of the proc
ess steps in the following discussion is made with ref
erence to the figure. 

In Step A, the lower cladding layer is first fanned. 
In Step B, a layer corresponding to the pas$ive 

core is then deposited on the upper surface of the low
er cladding layer. 

In Step C, the workpiece is annealed in order to 
at least partially density the deposited passive eore 
layer. Appropriate annealing conditions will be readily 
apparent to a skilled practitioner in the art. 

In Step D, the passive core is then fanned by 
etching the passive core layer. Dry etching is prefer
able for this step. 

In Step E, the workpiece is annealed in order to 
flow the passive core, reducing roughness that was 
caused by etching. Appropriate annealing conditions 
will be readHy apparent to a skilled practitioner in the 
art. 

In Step F, a layer corresponding to the active core 
is then deposited. 

In ~tep G, the workpiece is annealed, exemplarily 
at 600°C for 2 hours in air. The purpose of this anneal
ing step is to stabilize the depositecffilin ... (i:'e'.~ againsf 
subsequent changes in structure, optical properties, 
and susceptibility to chemical attack). 

In Step H, the active core is then formed by etch
ing away a portion of the active core layer. A preferred 
etching process for Step H is ion milling, because this 
process is relatively nonselective with regard to the 
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composition of the material being removed. 
In optional Step I. the worl\piece is desirably an

ndaled in order to flow the active core, and thereby to 
reduce surface roughness crealed during Step H. Ap
propriate annealing cond11tons will be readily appa- · 5 

rent to a skilled pracl1honer 1n the.art. 
In Step J, the wonp1ece is then annealed at a 

temperature of at least about 700"C for a duration of 
at least about 1 how in a reactive atmosphere such 
as very dry oxygen. (AA appropriate grade of oxygen 10 

for thif> purpose is research grade, i.e., 99.999% pur-
ity.) This step is believed to reduce contaminant lev-
els. 

In optional Step K. before the upper cladding lay-
er is deposited, a PfOlect1ve rdm of an appropriate di- · 15 

electric material rs advantageously formed over the 
active core in Ofder to Pfe>ve'11 contamination of the 
active core by the upoa ciadding layer. Such contam
ination should be avo.ded because it can reduce the 
radiative lifetime of ttie Er 1 eons below acceptable lim- 20 

Its. Protective fill'Tl!t trial a::re effective for that purpose 
can be, e.g., siltcor dco~.oo or phosphorus silicate 
films formed by sPtia~cng oa evaporative deposition. 
Such a protecl•v~ fdm. If u!li.l."'IJ. !>huuld be atleast about 
1 ooo A thid.. 2s 

In Step L. 11~ uw:is ci.ci..h.:111\,) layer is then depos-
ited. 

Etching ste~ 0 .r;ini:J tt cr.te carried out such that 
after etching 1:!> completed the remaining portions of 
the active and pa$~ c:.ot'e layers describe at least 30 

one pair of elon9meoc c.o7M. c.amprising an active core 
over1ying o pas.sivt' 00:1~ lh:r.' wo cores have a com-
mon longitud10.11 aii1s. ru. 111 .1pp3rent in FIGs. 2 and 
3, the active con• r.. typ:c..rlly made smaller than the 

passive COfe 111 '""" tonqt:1u:dC1"1.1:1 dc:rection. As seen in 35 
FIG. 2. this leajs to a ~~a d &;wmcnal passive core por-
tions 70 not O\o11!'f1.111n tr., tt'Q cOCtrve core. If the taper is 
formed with rt-sj)Q'<.1 k.o t"'1o 11<111sverse direction, as 
shown in FIG 2. :r ... .i!l<:1•v" r01~ will also typically be 
smaller than tt>oa P"l"""'""' rn:1<> rn !he transverse direc- 40 

lion. How*'"". tf t~ t~ " 1"""""1 with respect to the 
vertical di1P.c:tion. a .. Moi..::.n en r DG 3. then the widths 

(i.e., in the trar.s.,,.,..,..,. """"'""'I of the active and pas-
sive cores are ~1t11, rn..~ equal. 

As noted above. llln e Q~ry method of depos- 45 

iting the act1Ve ceir,. litv.,, "' tr, sputtering. According 
to this method. a gta~s 1..r:r~I of a 1Xedetermined com
position is provided The so 1C.C111 MJbstrate and the tar-
get are both placed ~•ltun a 11acuum chamber that is 
evacuable to a press1.1:1e ol about 3 x 10-7 torr or less. so 
The oh amber is evaa.iatt!'d and 011 ygen and argon are 
admitted. A radio-lreQ\A.'ncy discharge is produced, 
which leads to evaporahon of material from the target 
and redeposition of such material on the substrate, as 
is well-known in the art. 55 

As noted above. it is desirable for the deposited 
active core layer to contain sodium or a similarly-be
having modifier, in order to prevent clustering of the 
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erbium atoms. Sputtering of sodium-containing glass 
often has unsatisfactory results because the sodium 
content of the deposited glass often tends to fall far 
below the sodium content of the target. However, we 
have discovered that under appropriate sputtering 
conditions, the sodium content ofthe deposited glass 
can be made relatively dose to that of the target. We 
have found the following conditions in the sputtering 
chamber to be desirable in that regard: a pressure of 
8 - 50 µm, and preferably about 27 µm; an argon-to
oxygen flow ratio in the range 10:1 to 0.3:1, and pre
ferably about 0.5:1; a substrate temperature that can 
range freely between about 25°C and about 70°C; 
and rf frequency of 13.6 MHz and power of about 50 
W. We used a target 3 in. (7.6 cm) in diameter and a 
silicon-wafer substrate 4 in. (10.2 cm) in diameter. 
The target was situated 1 - 3 in. (2.5 ~ 7.6 cm) from 
the substrate, preferably about 3 in. (7 .6 cm). 

The radiative lifetime of the lasing level of the ex
cited erbium ions is desirably at least about 7 ms. In 
order to achieve such relatively high lifetimes, It is par
ticular1y important to include, during formation of the 
device, Step J, annealing in a reactive atmosphere. 

In use, the signal and the pump radiation are com
bined and injected into the amplifier, exemplarily by 
means of directional coupler or wavelength division 
multiplexer 80, shown in FIG. 2. The amplified signal 
is extracted, exemplarily by wavelength division de
multiplexer 85 of FIG. 2, and unwanted pump radia
tion that would otherwise contaminate the amplified 
signal is eliminated, exemplarBy by filtering. Such 
methods are well-known in the art. and need not be 
described here in detail. 

The foregoing discussion is for illustrative purpos
es only, and is not intended to limit the scope of the .. 
invention to a single-pass optical amplifier. ·For exam
ple, a laser or parametric oscillator is readily made by 
incorporating at least one optical feedback element 
with the inventive waveguiding structure. An appropri
ate such element is, e.g., a mirror or a distributed 
Bragg refledor. Such an arrangement is readily envi
sioned with reference to FIG. 2, substituting a mirror 
or Bragg reflector for one or both of elements 80 and 
85. 

EXAMPLE 

Erbium-doped glass films, varying in thickness 
from about 0.8 µmat the edge to about 1.5 µm at the 
center, were formed on 4-in. (10.2-cm) diameter sili
con wafer substrates by sputter deposition, substan
tially as described above. 1n·separate trials, three dif
ferent target compositions were used. The target 
compositions will be described with reference to the 
general formula Si02(Na20) 8(CaO)b(Er203) e· The 
compositions of the resulting, sputter-deposited films 
will similar1y be represented by Si02(Na20) 

a•(CaO)b·(Er203) ct· 
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The first target had a=0.27, b=0.14, and c=0.028. 3. The optical device of claim 1, wherein the active 
The resulting sputter-dep~ited layer had a'=0.20, core has an erbium-to-silicon atomic ratio of at 
b'=0.117, and c'=0.0275. The second target had least about 0.02. 
a=0.34, b=0.00. and c=0.033, resulting in a deposited 
layer with a'=0.30 and c'=0.036. The third target had 5 4. The optical device of claim 1, wherein the active 
a=0.265, b=0.00, and c=0.038; resulting in a deposit- glass core is adapted to guide the fundamental 
ed layer with a'=0.17 and c'=0.032. The deposited lay- mode of the signal wavelength, and the means for 
ers were analyzed by Rutherford backscatterring. All coupling the signal radiation into and out of the 
three layers had erbium radiative lifetimes of about 10 active core are adapted to couple the signal radi-
milliseconds, and densities of about 6 x 1 Q22 atoms 10 ation adiabatically. 
per cubic centimeter. 

5. The optical device of claim 1, wherein the concen-
tration of Er"" ions is substantially constant 

Cl alms throughout the active core. and the active core is 
15 substantially free of radiation damage. 

1. An optical device, comprising: 
a) an elongate, active glass core which ex- 6. The optical device of claim 1. wherein the alkali 
tends along a longitudinal axis and comprises metal or akal ine earth metal comprises sodium, 
silicon, oxygen, and erbium, the erbium being and the active core has a sodium-to-silicon atom-
at least partially in the form of Er3' ions, the ac- 20 ic ratio in the approximate range 0.2 - 0.6. 
tive core having a refractive Index; 
b) a glass cladding comprising at least one 7. The optical device of claim 1, wherein the alkali 
layer which at least partially surrounds the ac- metal or akaline earth metal comprises calcium, 
tive core and has a refractive index which is and the active core has a calcium-to-silicon atom-
smaller than the core ~tractive index; 25 le ratio of not more than about 0.2. 
c) means for coupling signal radiation, having 
a signal wavelength, into the active core and 8. The optical device of claim 4, further comprising 
means for coupling the signal radiation out of an elongate, waveguiding, passive, glass core 
the active core; and which extends along .the longitudinal axis and is 
d) means for coupling pump radiation into the 30 disposed between the lower cladding layer and 
active core such that pump radiation of an ap- the active core, the passive core being adapted to 
propriate wavelength will excite 'at least some guide the fundamental mode of the signal radia-
of the E~ ions to a lasing level, leading to am- tion, means for coupling an optical signal and 
plification of the signal radiation by stbnulated pump radiation into the passive core, and means 
emission, 35 for coupling signal radiation out of the passive 

CHARACTERIZED IN THAT core, wherein: 
e) the device further comprises a substrate the passive core is substantially free of er-
having a substantially planar principal sur- biuin and has a refractive index that is smaller 
face; than the active core refractive index but larger 
f) the active core is a body that over1ies a por- 40 than the upper and lower cladding refractive in-
lion of the principal surface; dices, 
g) the cladding comprises a lower cladding the active core includes a central portion 
layer disposed between the active core and and two ends, 
the principal surface, and an upper cladding and the means for coupling the signal ra-
layer which over1ies and partially surrounds 45 diation into and out of the active core comprise 
the active core; two further, tapered portions of the active core, 
h) the active core further comprises an alkali each tapered portion extending between the cen-

metal or alkaline earth metal in an effective tral portion and an end and tapering toward the re-
quantity to prevent clustering of erbium atoms; spective end such that the tapered portion is pro-

i) the active core has an erbium-to-silicon 50 gressively constricted in at least one direction 
atomic ratio of at least about 0:01 and an ab- perpendicular to the longitudinal axis. 
solute erbium concentration of it least.about" 
1.4 x 1020 atoms per cubic centimeter, and 9. The optical device of claim 8, wherein the perpen-
j) the lasing level has a radiative lifetime of at dicular direction is substantially. parallel to the 
least about 7 ms. 55 substrate principal surface. 

2. The optical device of claim 1, wherein the sub- 1 o. The optical device of claim 8, wherein the perpen-
strate comprises a silicon body. dicular direction is substantially normal to the 

6 
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substrate principal surface. 

11. The optical device of claim 8, wherein the passive 

core comprises phosphosilicate glass, the upper 

cladding layer comprises phosphosilicate glass, · 5 

and the lower cladding layer.comprises thennal 

silicon dioxide. 

12. The optical device of claim 1, further comprising 

at ieast one optieal feedback element, such that 10 

ttie device can function as a laser. 

13. The optical device of claim 1, further comprising 

at least one optical feedback element, such that 

the device can function as a parametric oscillator. · 15 

14. A method for forming an optical device on a sub

strate having a substantially planar principal sur

fai::e, comprising: 
a) forming a first layer of vitreous silicon diox- 20 

Ide on the principal surface; 

b) depositing a second layer of silica-based 

glass over the first layer by sputtering a target 

of silica-based glass such that the second lay-

er has a higher refractive index than the first 25 

layer, · 

c) annealing the second layer such that it is 

stabilized; 
d) removing a portion of the second layer by 

etching, such that an elongate core, extending 30 

along the longitudinal axis, is formed, the core 

being adapted, after completion of the device, 

to guide electromagnetic radiation of at least 

·a signal wavelength and a pump wavelength; 

and 35 

e) depositing a third layer of phosphosilicate 

glass over the core such that the third layer 

has a smaller refractive index than the core; 

CHARACTERIZED IN THAT 

f) the target further comprises sodium and er- 40 

bium; and 
g) the target composition is selected such that 

the core has an erbium-to-silicon atomic ratio 

of at least about O.G1, a sodium-to-silicon 

atomic ratio in the approximate range 0.2 - 45 

0.6, and an absolute erbium concentration of 

at least about 1.4 x 1020 atoms per cubic cen

timeter, and the target composition is further 

selected such that a lasing level is associated 

with the erbium in the core, the lasing level 50 

having a radiative lifetime of at least about 7 

ms. 

15. The method of claim 14, further comprising, after 

(d) and before (e), the step of forming a protective 55 

dielectric film over the core. 

16. The method of claim 14, further comprising, after 

7 

BNSOOCID: <EP _ 0510863A2_1_> 

(d), the step of annealing the core such that 

roughness due to etching of the second layer is 

substantially removed. 

17. The method of claim 14, further comprising, after 

(d), the step of annealing the core at a tempera

ture of at least about 700°C for a duration of at 

least about 1 hour in a reactive atmosphere. 

18. A method for forming an optical device on a sub

strate having a substantially planar principal sur

face, comprising: 
a) forming a first layer of silicon dioxide on the 

principal surface; 

b) depositing a second layer of phosphosili

cate glass over the first layer such that the 

second layer has a higher refractive index 

than the first layer; 
c) annealing the second layer such that it is at 

least partially densified; 
d) removing a portion of the second layer by 

etching, such that an elongate lower core hav

ing a longitudlnal. axis Is formed, the lower 

core being adapted, after completion of the 

device, to guide electromagnetic radiation of 

at least a signal wavelength and a pump wa
velength; 
e) annealing the lower oore such that rough

ness due to etching of the second layer is sub

stantially removed; 
f) depositing a third layer of silica-based glass 

over the lower core by sputtering a target of 

silica-based glass such that the third layer has 

a higher refractive index than the lower core; 

g) annealing the third layer such that it is sta

bilized; 
h) removing a portion of the third layer by etch

ing, such that an elongate upper core, extend

ing along the longitudinal axis, is formed, the 

upper core being adapted, after completion of 

. the device, to guide electromagnetic radiation 

of the signal and pump wavelengths; 

i) annealing the upper core at a temperature of 

at least about 700°C for a duration of at least 

about 1 hour in a reactive atmosphere; and 

j) depositing a fourth layer of phosphosilicate 

glass over the upper and lower cores such that 

the fourth layer has a smaller refractive index 

than the upper and lower cores; 

CHARACTERIZED IN THAT 

k) the target further comprises sodium and er

bium; and 
I) the target composition is selected such that 

the third layer has an erbium-to-silicon atomic 

ratio of at least about 0.01, a sodium-to-silicon 

atomic ratio in the approximate range 0.2 -

0.6, and an absolute erbium concentration of 

at least about 1.4 x 1020 atoms per cubic cen-
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timeter, and the target composition is further 

selected such that a lasing level is associated 

with the erbium in the third layer, the lasing · 

level having a radiative lifetime of at least 

about 7 ms. · 5 

19. The method of da1m 18 further comprising, after 

(i) and before (jl. the step of forming a protective 

dielectric film over lhe active core. 

20. The method of clam 17 or claim 18, wherein the 

reactive atmosplleft! comprises very dry oxygen. 

21. The method of clam 18 a further comprising, after 

10 

(h), the step of annt>ahng the upper core such that 15 

roughness due to etch•ng of the third layer is sub

stantially remove-d. 
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conducted by using the target to form a high-refractive-index uniform transparent film at a 
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PURPOSE: To prevent the hindrance of the electrification on a target, by superposing the 
output voltage of an AC power source on the DC voltage of a DC power source and 
specifying the voltage of the AC power source to be applied on electrodes. 

CONSTITUTION: The magnetron sputtering device is provided with the AC power source, 
which outputs voltages to be superposed on the DC voltage of the DC power source. The 
output of the AC power source impressed on the electrodes connected to the target is 
regulated to 5 to 20% of the output supplied to the electrodes by the DC power source. A 
high-frequency power source is used as the AC power source. As a result, an insulator, such 
as Al203, is deposited on the substrate at a high rate without receiving the hindrance by 
reactive sputtering. 
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An optical fiber used for an optical amplifier, which is formed by doping glass with rare-earth ions.· Both praseodymiwn ions (PI+3) 
and erbium ions (Er+3) are used as the rare-earth ions, and the glass is a fluoride glass or a sulfide glass. The optical fiber can be used 
at both wavelengths of 1.3 µm and 1.55 µm. The light amplification efficiency of an optical amplifier made of the optical fiber can be 
improved compared to an optical amplifier formed of only Pr+3 or only Er+l. 
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OPTICAL FIBER FOR LIGHT AMPLIFIER 

Technical Field 

The present invention relates to optical fibers for use in a light amplifier, 

5 and more particularly, to an optical fiber for use in a light amplifier which can 

be used at wavelengths of both 1.3 µm and 1.55 µm. 

Background Art 

The wavelength of light used in optical communications has been 

10 shifted from a wavelength of 1.3 µm to a wavelength of 1.55 µm. In general, 

praseodymium ions (Pr·~ which are used to dope an optical fiber, are used to 

amplify an optical signal having a wavelength of 1.3 µm while erbium ion (Er.3
) 

which are used to dope an optical fiber, are used to amplify an optical signal 

having a wavelength of 1.55 µm. 

15 U.S. Patent No. 5,486,947 discloses an optical fiber for use in an optical 

amplifier, which are capable of operating with optical sufficient optical gain at 

the 1.3 µm wavelength. The optical fiber is a fluoride glass optical fiber 

containing rare earth metal ions in a core glass, wherein the refractive index 

difference between the core and a cladding layer is above 1.4%, and the glass 

20 contains lead difluoride (PbF J in a proportion of 25 mol % or less based on the 

total composition for forming the glass. 

Now, both wavelengths of 1.3 µm and 1.55 µm are used in many optical 

communications related fields. Thus, different parts which are suitable for 

each wavelength, are req_uired to construct ·an optical circuit, so that 

25 development cost increases in addition to switching cost for switching the 

wavelengths. 

Disclosure of the Invention 

An object of the present invention is to provide an optical fiber for use 

30 in an optical amplifier, which can be used for both the 1.3 µm and 1.55 µm 

bands. 
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According to an aspect of the present invention, there is provided an 

optical fiber for an optical amplifier, which is formed by doping glass with rare

earth ions, wherein both praseodymium ions (Pt3
) and erbium ions (Er+3

) are 

used as the rare-earth ions, and the glass is a fluoride glass or a sulfide glass. 

5 Preferably, the content of Pr+3 is 100-1000 ppm and the content of Er+3 

is 100-5000 ppm. If the Pr+3 and Er+3 content is outside the above range, light 

amplification efficiency is undesirably lowered. Also, the mixing ratio of Pr+3 to 

Er+3
, by weight, may be between 1: 1 and 1 :3. If the ratio of Pr+3 to E(

3 

exceeds the above ratio, fluorescence emission quantity at the wavelength of 

10 1.55 µm is decreased. Conversely, if the ratio of Pr+3 to Ef3 is less than the 

above ratio, the amplification at the wavelength of 1.3 µm unfavorably 

decreased. 

Brief Description of the Drawings 

15 FIG. 1 shows the fluorescence emission spectrum at Wavelengths of 1.3 

µm and 1.55 µm according to the amount of Er+3 in optical fibers, when a laser 

beam having a wavelength of 980 nm is irradiated onto an optical fiber which 

is formed by doping glass made of Ge2gAs8Ga1562 with Pr+3 and Er+3
, wherein 

the fluorescence emission at the wavelength of 1.3 µm is caused by the 

20 electron transition of Pr3+ from the 10
4 

level to the 3H5 level in Pr+3 doped 

fibers, and that at the wavelength of 1.55 µm is caused by the transition 411312 

... 411512 in Er3+ doped fibers ; 

FIG. 2 is a graph showing the fluorescence lifetime of Pr+3 at the 10 4 

level and of Er+3 at the 411/2 level and 411/2 level according to the amount of 

25 Er+3 in optical fibers, when a ·laser beam having a wavelength of 980 nm is 

irradiated onto an optical fiber which is formed by doping a Ge2gAs8Ga1562 

glass with Pr+3 and Er•3
; 

FIG. 3 is a diagram illustrating energy transfer between Pr+3 and Er+3 

ions; 

30 FIG. 4 shows the fluorescence emission spectrum at the wavelength of 

1.3 µm by the electron transition of Pr+3 from the 10 4 level to the 3H5 level 

when a laser beam having a wavelength of 1020 nm is irradiated onto an 

optical fiber which is formed by doping a Ge2gAs8Ga1S62 glass with Pr+3
; 
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FIG. 5 shows the fluorescence emission spectrum at the wavelength of 

1.55 µm by the electron transition of Er+3 from the 411312 level to the 411512 level 

When a laser beam having a wavelength of 980 nm is irradiated onto an optical 

fiber which is formed by doping a Ge2gAs8Ga1S62 glass with Er+3
; and 

5 FIG. 6 shows the fluorescence emission spectrum at the wavelengths 

of 1.3 µm and 1.55 µm according to the amount of Pr+3 in optical fibers, when 

a laser beam having a wavelength of 980 nm is irradiated onto an optical fiber 

which is formed by doping a Ge2gAs8Ga1S62 glass with Pr+3 and Er+3, wherein 

the fluorescence emission at the wavelength of 1.3 µm is due to the electron 

10 transition of Pr+ from the 10 4 level to the 3H5 level, and that at the wavelength 

of 1.55 µm is due to the electron transition of Er3+ from the 411312 level to the 
411512 level. 

Best mode for carrying out the Invention 

15 The present invention provides an optical fiber for use in a light 

amplifier, which can be used at wavelengths of both 1.3 µm and 1.55 µm, by 

using a laser beam having a wavelength of 980 nm as .a light source for 

exciting an optical fiber formed of Pr+3 and Er+3
• In the present invention, the 

term "fibers" refers ro shapes with a wide range of diameters, not merely thin 

20 fibers. For example, a fiber may have diameter of 5 to 1 OOmm. In the present 

invention, the fiber contains Pr+3 and Er+3
, wherein the maximum absorption 

peak of Er+3 in a laser beam having wavelength 980 nm is at the 4111121evel. 

In this case, two ions are simultaneously excited, so that Pr+3 emits 

fluorescence at 1.3 µm and Er+3 emits fluorescenee at 1.55 µm. In particular, 

25 as shown in FIG. 3, the fluorescence lifetime of Pr+3 at the 10 4 level is 

elongated due to the energy transfer from Er+3
, so that light amplification 

efficiency is improved compared to a conventional optical fiber containing only 

Pr+3• 

Preferably, in the present invention, a fluoride or sulfide glass is used 

30 to minimize lattice vibration relaxation of Pr+3 from the 10 4 level to 3F 4 level. 

The fluoride glass may be a ZBLAN glass which is a fluoride containing 

zirconium (Zr), barium (Ba), lanthanum (La}, aluminum (Al) and sodium (Na}, 

and the sulfide glass may be a germanium-arsenic-gallium-sulfur (Ge-As-Ga-
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S) or Ge-As-S glass. Here, using the sulfide glass can further minimize the 

lattice vibration relaxation of Pr+3 from the 10 4 level to the 3F4 level compared 

to the case of using the fluoride glass. However, using the fluoride glass rather 

than a sulfide glass generally makes the manufacture of optical fiber easier. 

5 In order to maximize the light amplification efficiency at both 
wavelengths of 1.3 µm and 1.55 µm, the mixing weight ratio of Pr+3 and Er+3 is 

adjusted to be between 1:1and1:3. 

Hereinafter, the present invention will be described using the following 

examples. However, these examples are merely illustrative and the present 
10 invention is not limited thereto. 

Comparative Example 1 

Ge, As, Ga and Shaving a purity of 99.999% or more, were weighted 
in an atomic ratio of 29:8:1:62 in a glove box where the content of hydroxy 

15 (OH) group and oxygen was maintained to be 10 ppm or less, and Pr metal 
powder was added in amount of 300 ppm to give the Pr+3

• 

After filling a Si02 test tube with the above composition, the test tube 
was left under a vacuum condition of 0.1 mTorr for a predetermined period of 
time. Then, the test tube was made airtight by sealing it with an o:xy-propane 

20 flame. 

Following this, the test tube was put into a rocking furnace such that the 
composition comprised in the test tube was completely mixed, and the 

resultant was kept at 950°C for 12 hours. Then, the test tube was quenched 
in air, and heated in a furnace which was set at 400°C for 1 hour. After the 

25 heating process, the test tube was slowly cooled to room temperature and 
broken into pieces, resulting in an optical fiber formed of a Pr+3-doped sulfide 

glass of Ge~8Ga,S62 in which the amount of lattice vibration relaxation was 

slight. The optical fiber was cut into a disc shape (having a diameter of 10 mm 

and a thickness of 3 mm) and polished. 
30 Then, the fluorescence spectrum and fluorescence lifetime of the 

resultant were measured using a laser beam having a wavelength of 1017 

nm as a source of light excitation. At this wavelength, Pt3 at the 10 4 level 

showed a maximum light absorption. 
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As a result, the fluorescence emission at a wavelength of 1.3 µm, 

which was caused by electron transition of Pr+3 from the 10 4 level to 3H5 

level, was observed (see FIG. 4), and the fluorescence lifetime was 305 

µsec (see FIG. 2). 

Comparative Example 2 

An optical fiber was manufactured in the same manner as in 

Comparative Example 1 except that Er+3 was used instead of Pr+3
• Er 2S3 

was used as the source of Er+3
• Then, the optical fiber was cut into a disc 

10 shape (having a diameter of 10 mm and a thickness of 3 mm) and polished. 

Then, the fluorescence spectrum and fluorescence lifetime of the resultant 

were measured using a laser beam having a wavelength of 980 nm as a 

source of light excitation. At this wavelength, Er+3 at the 411112 level showed 

a maximum light absorption. 

15 As a result, the fluorescence emission at a wavelength of 1.55 µm, 

which was caused by electron transition of Er+3 from the 411312 level to 411512 

level, was observed (see FIG. 5), and the fluorescence lifetime at the 411112 

and 411312 levels was 2100 µsec and 3400 µsec, respectively (see FIG. 2) 

20 Example 1 

An optical fiber was manufactured in the same manner as in 

Comparative Example 1 except that Er+3 was further added in the amount of 

300 ppm together with 300 ppm of Pr+3
• Then, the optical fiber was cut into 

a disc shape (having a diameter of 1 O mm and a thickness of 3 mm) and 

25 polished. Then, the fluorescence spectrum and fluorescence lifetime of the 

resultant were measured using a laser beam having a wavelength of 980 nm 

as a source of light excitation. At this wavelength, Er+3 at the 4Iw2 level 

showed a maximum light absorption. 

As a result, the fluorescence emission of Pr+3
, which was caused by 

30 electron transition from 1G4 level to 3H5 level and that of Er+3
, which was 

caused by electron transition from 411312 level to 411512 level were observed 

simultaneously at the wavelengths of 1.3 µm and 1.55 µm, respectively (see 
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FIG. 1 (a)). The intensify of fluorescence was increased at each wavelength 

compared to that of Comparative Examples 1-2. Also, the fluorescence 

lifetime of Pr+3 at the 10 4 level was 605 µsec, and the fluorescence lifetime 

of Er+3 at the 411112 and 411312 levels was 824 µsec and 3120 µsec, 

5 respectively (see FIG. 2). 

According to Example 1, as shown in FIG. 3, the simultaneous 

fluorescence emission at the wavelengths of 1.3 µm and 1.55 µm was due 

to the effective energy transfer indicated by "b". Thus, the optical fiber 

obtained in Example 1 can be used at wavelengths of both 1.3 µm and 1.55 

10 µm. 

Also, the fluorescence lifetime of Pr+3 at the 10 4 level was markedly 

elongated to 605 µsec compared to Comparative Example 1, and the light 

amplification efficiency at the wavelength of 1.3 µm was further improved by 

adding both Pr+3 and Er+3
• However, the fluorescence lifetime of Er +3at the 411112 

15 level was 3120 µsec, which is lower than in. Comparative Example 2, thus 

lowering light amplification efficiency. This is due to the energy transfer 

indicated by "e". 

Example 2 

20 An optical fiber was manufactured in the same manner as in · 

Comparative Example 1 except that 500 ppm of Er+3 was further added 

together with 300 ppm of Pr+3
• Then, the optical· fiber was cut into a disc 

shape (having a diameter of 10 mm and~ thickness of 3 mm) and polished. 

Then, the fluorescence spectrum and fluorescence lifetime of the resultant 

25 were measured using a laser beam having a wavelength of 980 nm as a 

source of light excitation. At this wavelength, Er+3 at the 411112 level showed 

a maximum light absorption. 

As a result, the fluorescence emission of Pr+3
, which was caused by 

electron transition from 10 4 level to 3H5 level" and that of Er+3
, which was 

30 caused by electron transition from 411312 level to 411512 level were observed 

simultaneously at the wavelengths of 1.3 µm and 1.55 µm, respectively (see 

FIG. 1 (b)). The intensify of fluorescence was increased at each wavelength 
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compared to that of the Comparative Examples 1-2. Also, the fluorescence 

lifetime of Pr+3 at the 10
4 

level was 760 µsec, and the fluorescent lifetime of 

Er+3 at the 41
11

ri and 4I
13

ri levels was 1740 µsec and 2910 µsec, respectively 

(see FIG. 2). 

5 According to Example. 2, as shown in FIG. 3, the simultaneous 

fluorescence emission at the wavelengths of 1.3 µm and 1.55 µm was due 

to the effective energy transfer indicated by "b". Also, the fluorescence 

lifetime of Pr•3 at the 10 4 level was markedly elongated to 760 µsec 

compared to Comparative Example 1 and Example 1, and the fluorescence 

10 lifetime of Er+3 at the 4113ri level was' decreased to 2910 µsec, compared to 

Comparative Example 2 and Example 1. 

From the above result, it can be understood that the energy transfer 

indicated by "b" and "e" occur more effectively as the content of Er+3 

increases. However, the fluorescence lifetime of Er+3 at the 4I
11

ri level was 

15 increased to 1740 µsec, compared to Example 1. As a result, it was 

concluded that as Et3
• which is not involved in the energy transfer indicated 

by "b", increases, the energy transfer degree in the direction indicated by "b" 

decreases. 

20 Example 3 

An optical fiber was manufactured in the same manner as in 

Comparative Example 1 except that 700 ppm of Er+3 was further added 

together with 300 ppm of Pr+3
• Then, the optical fiber was cut into a disc 

shape (having a diameter of 10 mm and a thickness of 3 mm) and polished. 

25 Then, the fluorescence spectrum and fluorescence lifetime of the resultant 

were measured using· a laser beam having a wavelength of 980 nm as a 

source of light excitation. At this wavelength, Er•3 at the 4I 11ri level showed 

a maximum light absorption. 

As a result, the fluorescence emission of Pr•3
, which was caused by 

30 electron transition from 10 4 level to 3H5 level and that of Er+3
, which was 

caused by electron transition from 411312 level to 411512 level were observed 

simultaneously at the wavelengths of 1.3 µm and 1.55 µm, respectively (see 
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FIG. 1 (c}}. The intensify of fluorescence was increased at each wavelength 

compared to that of Examples 1-2. Also, the fluorescence lifetime of Pr+3 at 

the 1G4 level was 769 µsec, and the fluorescence lifetime of Er+3 at the 4Iu12 

and 411312 levels was 1760 µsec and 2920 µsec, respectively (see FIG. 2). 

5 According to Example 3, as the content of Er+3 increased, the 

fluorescence lifetime of Pr+3 at the 1G4 level was slightly increased. This 

was due to an increase in energy transfer indicated by "b" shown in FIG. 3. 

However, because Er+ was contributed for elongating the fluorescence 

lifetime at the 411112 and 4113n. levels, the ratio of Er+3 associated with the 

10 energy transfer indicated by "b" and "e" was decreased, thus resulting in a 

slight increase in fluorescence lifetime of Pr+3 at the 1G4 level. That is, the 

light amplification efficiency at the wavelength of 1.55 µm showed a 

tendency to increases with an increase in the fluorescence lifetime of Er+3 at 

the 411312 level. 

15 

Example 4 

An optical fiber was manufactured in the same manner as in 

Comparative Example 1 except that 1000 ppm of Er+3 was further added 

together with 300 ppm of Pr+3
. Then, the optical fiber was cut into a disc 

20 shape (having a diameter of 10 mm and a thickness of 3 mm} and polished. 

Then, the fluorescence spectrum and fluorescence lifetime of the resultant 

were measured using a laser beam having a wavelength of 980 nm as a 

source of light excitation. At this wavelength, Er+3 at the 411112 level showed 

a maximum light absorption. 

25 As a result, the fluorescence emission of Pr+3
, which was caused by 

electron transition from 1G4 level to 3H5 level and that of Er+3
, which was 

caused by electron transition from 411312 level to 411512 level were observed 

simultaneously at the wavelengths of 1.3 µm and 1.55 µm, respectively (see 

FIG. 1 (d)). The intensify of fluorescence was increased at each wavelength 

30 compared to that of Examples 1-3. Also, the fluorescence lifetime of Pr+3 at 

the 10 4 level was 881 .µsec, and the fluorescent lifetime of Er+3 at the 411111 

and 4113n. levels was 2030 µsec .and 3340 µsec, respectively (see FIG. 2). 
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According to Example 4, as shown in FIG. 3, the simultaneous 

fluorescence emission at the wavelength of 1.3 µm by Pr+3 at the 10 4 level, 

and at the wavelength of 1.55 µm by Er+3 at the 4113a level, was due to 

effective energy transfer indicated by "b". Also, the fluorescence lifetime of 

5 Er+3 at the 4lw2 and 411312 levels showed the maximum levels. Thus, it can 

be understood that the mixing ratio of Pr+3 and B3 in this embodiment 

shows the maximum light amplification efficiency at both 1.3 µm and 1.55 

µm. 

10 Example 5 

An optical fiber was manufactured by the same manner as in 

Comparative Example 1 except that 1500 ppm of Er+3 was further added 

together with 300 ppm of Pr+3
• Then, the optical fiber was cut into a disc 

shape (having a diameter of 10 mm and a thickness of 3 mm) and polished. 

15 Then, the fluorescence spectrum and fluorescence lifetime of the resultant 

were measured . using a laser beam having a wavelength of 980 nm as a 

source of light excitation. At this wavelength, Er+3 at the 41
11

!2 level showed 

a maximum light absorption. 

As a result, the fluorescence emission of Pr+3
, which was caused by 

20 electron transition from 10 4 level to 3H5 level and that of Er+3
, which was 

caused by electron transition from 411312 level to 411512 level were observed 

simultaneously at the wavelengths of 1.3 µm and 1.55 µm, respectively (see 

FIG. 1 (e)). The intensify of fluorescence was saturated, i.e., at the 

maximum level, at each wavelength. Also, the fluorescence lifetime of Pr+3 

25 at the 10 4 level was 794 µsec, and the fluorescence lifetime of Er+3 at the 411112 

and 411312 levels was 1870 µsec and 3240 µsec, respectively (see FIG. 2). 

According to Example 5, as shown in FIG. 3, the simultaneous 

fluorescence emission at the wavelength of 1.3 µm by Pt3 at the 10 4 level 

and at the wavelength of 1.55 µm by Et3 at the 411312 level was due to 

30 effective energy transfer indicated by "b". The fluorescence lifetime of Er+3 

at the 41
11

1.2 and 411312 levels was slightly decreased compared to Example 4, 

because the energy transfer indicated by "b" and "e" were saturated. 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 848 of 1543



WO OO/l1898 PCT/KR99/006o9 

10 

Example 6 

Ge, Ga and Shaving a purity of 99.999% or more, were weighted in 

an atomic ratio of 25:5:70 in a glove box where the content of hydroxy (OH) 

group and oxygen was maintained to be 10 ppm or less, and 300 ppm of 

5 Pr+3 and 300 ppm of Er3 were added. 

After filling a Si02 test tube with the composition, the test tube was left 

under a vacuum condition of 0.1 mTorr for a predetermined period of time. 

Then, the test tube was made airtight by sealing it with an oxy-propane 

flame. 

10 Following this, the test tube was put into a rocking furnace such that 

the composition comprised in the test tube was completely mixed, and the 

resultant was kept at 950°C for 12 hours. Then, the test tube was quenched 

in air, and heated in a furnace which was set at 260°C for 1 hour. After the 

heating process, the test tube was slowly cooled to room temperature and 

15 broken into pieces, resulting in an optical fiber formed of a Pr+3 and Er3 

doped sulfide glass of Ge25Ga5S70 in which the amount of lattice vibration. 

relaxation was slight. 

The optical fiber was cut into a disc shape (having a diameter of 10 

mm and a thickness of 3 mm) and polished. Then, the fluorescence 

20 spectrum and fluorescence lifetime of the resultant were measured using a 

laser beam having a wavelength of 980 nm as a source of light excitation. 

At this wavelength, Et3 at the 411112 level showed a maximum light 

absorption. 

As a result, the fluorescence emission of Pr+3
, which was caused by 

25 electron transition from 10 4 level to 3Hs level and that of Er+3
, which was 

caused by electron transition from 4I 13ri level to 411512 level were observed 

simultaneously at the wavelengths of 1.3 µm arid 1.55 µm, respectively (see 

FIG. 6 (a)). 

According to Example 6, it can be unde.rstood that both a Ge-GA-S 

30 glass doped .with Pr+3 and Er3 and a Ge-As-Ga-S glass doped with Pr and 

Er+3 can be used as a material of an optical amplifier which can be used at 

both 1.3 µm and 1.55 µm. 
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Example 7 

An optical fiber was manufactured in the same manner as in Example 

6 except that the amount of Pt3 was increased to 500 ppm. Then, the 

optical fiber was cut into a disc shape (having a diameter of 1 O mm and a 

5 thickness of 3 mm) and polished. Then, the fluorescence spectrum and 

fluorescence lifetime of the resultant were measured using a laser beam 

having a wavelength of 980 nm as a source of light excitation. At this 

wavelength, Er+3 at the 4111a level showed a maximum light absorption. 

As a result, the fluorescence emission of Pr+3
, which was caused by 

10 electron transition from 10 4 level to 3H5 level and that of Er+3
, which was 

caused by electron transition from 411312 level to 411512 level were observed 

simultaneously at the wavelengths of 1.3 µm and 1.55 µm, respectively (see 

FIG. 6 (b)). Also, as the amount of Pr+3 was increased, energy transfer in 

directions indicated by "b" and "e" in FIG. 3 increased. As a result, the 

15 fluorescence intensity of Pr+3 at the 10 4 level increased at the wavelength of 

1.3 µm, whereas that of Er+3 at the 411312 level decreased at the wavelength 

of 1.55 µm. However, the rate at which the fluorescence intensity increases 

at 1.3 µm is slower than the rate at which the fluorescence intensity 

decreases at 1.55 µm, and thus it can be inferred that the energy transfer 

20 indicated by "e" is more rapid than that indicated by "b". 

Summing up the results, it can be understood that increasing the 

concentration of Pr+3 is undesirable. 

Industrial Applicability 

25 As described above, the optical fiber used in an optical amplifier according 

to the present invention can be applied to both wavelengths of 1.3 µm and 1.55 

µm, improving light amplification efficiency compared to a conventional optical 

fiber amplifier containing only Pr+3• 
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What is claimed is: 

1. An optical fiber for an optical amplifier, which is formed by 

doping glass with rare-earth ions, wherein both praseodymium ions (Pr+3
) 

and erbium ions (Er.3
) are used as the rare-earth ions, and the glass is a 

5 fluoride glass or a sulfide glass. 

2. The optical fiber of claim 1, wherein the sulfide glass is a 

germanium-arsenic-gallium-sulfide (Ge-As-Ga-S) glass or a Ge-As-S glass. 

10 3. The optical fiber of claim 1, wherein the fluoride glass is a 

ZBLAN glass containing zirconium (Zr), barium (Ba), lanthanum (La), 

aluminum (Al) and sodium (Na). 

4. The optical fiber of claim 1, wherein the mixing weight ratio of 

15 Pr•3 to Er3 is between 1: 1 and 1 :3. 

20 

5. The optical fiber of claim 1, wherein a laser having a 

wavelength capable of absorbing Er+3 is used as a light source for exciting 

the optical fiber. 

6. The optical fiber of claim 1, wherein the content of Pr•3 is 

100-1000 ppm and the content of f::r+3 is 100-5000 ppm. 
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(54) Leitende transparente Schichten und Verfahren zu ihrer Herstellung 

(57) Auf einemSubstrat aus Glas (1) ist eine Grund· 
schicht (2) aus lndium-Cer-Oxid und daraut eine durine 
Kupfer enthaltende Silberschicht (3), beide hergestellt 
durch DC·Zerstaubung, aufgebracht. Darauf befindet 
sich eine weitere lndium-Cer-Oxidschicht (4), welche 
durch AC-Oberlagerte DC-Zerstaubung hergestellt wird. 

Flg.1 · 

Dieses Schichtsystem weist sehr niedere Flachenwi
derstande bei gleichzeitig hoher Durchlassigkeit im 
sichtbaren Spektralbereich, also einen hohen Haacke
schen GOtefaktor auf. 

Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 
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Beschreibung 

[0001] Die Eriindung betrifft leitende transparente 
Schichten nach dem Oberbegriff des Patentanspruches 
1 sowie ein Veriahren zur Herstellung dieser leitenden s 
transparenten Schichten nach Patentanspruch 6. 
[0002) Leitende transparente Schichten werden 
heute in der Displaytechnik, in der Opfoelektronik sowie 
als Architekturglas vielfaltig eingesetzt. Dabei wird 
einerseits eine moglichst hohe Transmission im sichtba- 10 

ren Spektralbereich und andererseits eine moglichst 
hohe Leitfahigkeit beziehungsweise ein m6glichst nie
derer Flachenwiderstand angestrebt. Als Mass tor die 
Gute leitender transparenter Schichten kann der Haak
kesche Gutefaktor <t>rc = T 10tR5 , definiert in Journal of 15 

Applied Physics. Vol. 47, Seite 4086 bis 4089 (1976), 
verwendet wcrdcn. Dabci bedeuten T die optische 
Transmission der Sct:icht (als Bruchteil der auffallenden 
Strahlung) und Rs den Flachenwiderstand in ilsq. So 
besitzt beispielsweise e ne Sch1c'1t mit einer Transmis- 20 

sion von 90°,;, unn PtnPm F ::ic:hPrw•nPrst;:md von 3 fisq 
einen Haackescht>n (',.;!P!riktor von C 116 .n.- 1. Eine 
Schicht mit einer lransnHssion von 8)"o und einem Fla
chenwiderstand von :, ! _, ::>.:.-s~.~ e1ner Gutefaktor von 
0,021 n.-1• 25 

[0003) Eine we1tere V1r..::r>!•'}e ::. ~ns.chaft eines sol-
chen Schichtsystems is· se•ne A::na•l..ert Oiese hangt 
von seiner chemischen Z uo>anmense!:ung und seiner 
Dicke ab. Fur eine i..u-:e A!::e1t und gute Kanten
scharie ist es wichtig. class O•e Schichtdicke moglichst 30 

klein ist, d.h. unter 100 nm :.>etrast 
[0004] Zur Erziel .. mg hoher Gutetaktoren ist es vor
teilhaft, Schichtsysteme aJs ox d1schen und metalli
schen Schichten zu ko11b1rneren. So ist es bekannt, 
sehr dunne Silberschichten zv.-ischen dOnne Oxid- 35 

schichten einzulagern. Durch die E:inlagerung zwischen 
Oxidschichten wird die S1lbersch1cht einerseits stabili
siert und geschutzt, andererseits wird gleichzeitig ihre 
Reflexion vermindert und dadurch die Transmission 
erhoht. Diese Schichtkombinationen besitzen femer 40 

den Vorteil einer geringen Gesamtschichtdicke, namlich 
100 nm oder weniger, verglichen mit einer Schicht aus 
lndium-Zinn-Oxid mit vergleichbarem Flachenwider
stand, die eine Dicke von uber 500 nm aufweist (S. H. 
Shin und Koautoren, Thin Solid Films 341 (1999) 225 - 45 

229). Damit konnen Atzprozesse. wie sie bei der Her
stellung von Displays ublich sind, schneller und mi1 
geringerer Unteratzung hergestellt werden. 
[0005) Solche Schichtsyteme sind z. B. beschrie-
ben in: EP 0 599 071 A 1, JP 10062602 A und im Artikel so 
von K. K. Choi und Koautoren, Thin Solid Films 341 
(1999) 152 - 155. 
[0006] In der EP 0 599 071 A 1 wird ein Schichtsy
stem mit der Schichtfolge lndium-Zinn-Oxid, Silber bzw. 
verschiedene Silberlegierungen, lndium-Zinn-Oxid 55 

beschrieben. Durch einstOndige Temperung bei 300°C 
lassen sich Schichten mit einem Flachenwiderstand 
von 3,2 ilsq und gleichzeitig guter Transmission im 

3NSDOCID: <EP ___ 1092689A1_1_> 

2 

sichtbaren Bereich herstellen. Fur die Wellenlangen 
435, 545 und 610 nm ergibt sich ein gemittelter Haacke
scher GOtefaktor von 0,066. Nachteilig ist jedoch die fOr 
Displayanwendungen notige nachtragliche Temperatur
behandlung, da diese einen zusatzlichen Arbeitsschritt 
bedeutet. 

[0007) In der JP 10062602 A wird ein ahnliches 
Schichtsystem beschrieben. Hier wird eine dunne Sil
berschicht mit mindestens 1,5 At.-% Goldbeimengung 
zwischen Oxidschichten, bestehend aus Zinnoxid und 
lndiumoxid sowie geringen Beimengungen anderer 
Oxide, eingebettet. Damit werden Schichten mit einem 
Flachenwiderstand von 4 - 20 ilsq und hoher Durchlas
sigkeit bei 550 nm erhalten. Die erh6hten Kosten durch 
die Goldbeimengung und der relativ hohe Flachenwi
derstand mussen als Nachteile angesehen werden. 
[0008) In Thin Solid Films 341 beschreiben K. K. 
Choi und Koautoren ein Schichtsystem bestehend aus 
lndium-Zinn-Oxid gefolgt von einer Silberschicht und als 
Deckschicht wiederum lndium-Zinn-Oxid. Zur Verbes
serung der Leittahigkeit werden die Schichten aus 
lndium-Zinn-Oxid bei 200°C, die Silberschicht jedoch 
bei Raumtemperatur abgeschieden. Doch durch die 
Erwarmung vor Abscheidung der zweiten Schicht aus 
lndium-Zinn-Oxid werden die Eigenschatten der Silber
schicht bezuglich optischer Transmission und elektri
scher Leitfahigkeit ungiinstig beeinflusst. Im besten Fall 
wurden Schichten mit einem Flachenwiderstand von 4 
ilsq und einerTransmission von 90% bei 550 nm erzielt. 
[0009] Es ist weiterhin bekannt, dass bei spezieller 
Wahl der Materialien und Beschichtungsparameter 
transparente leitende Schichtsysteme mit 2,93 ilsq und 
Transmissionswerten (gegen Luft gemessen) von 89,2 
% bei 435 nm, 92,4 % bei 545 nm und 82,2 % bei 61 O 
nm mit einer Gesamtschichtdicke von 86,5 nm herge
stellt werden konnen. Dieser transparente Leiter besitzt 
tor die drei genannten Wellenlangen einen mittteren 
Haackeschen Gutetaktor von o, 104 Ohm·1• 

[001 O] Im Displaybereich tar grossflachige fl ache 
LCD-Displays oder Computermonitore mit Bilddiagona
len vorzugsweise Ober 17' werden nun transparente 
Elektroden mit noch niedererem Flachenwiderstand bei 
gleichzeitig hoher Durchlassigkeit im sichtbaren 
Bereich, d. h. einem hohem Haackeschem Gutefaktor, 
benotigt. Dies ist durch die Bildgr6sse, die hohe Auflo
sung und Pixelzahl sowie die hohere Geschwindigkeit 
dieser Displays bedingt. Diese Anforderungen konnen 
mit den bisher bekannten Vertahren nicht mehr ertullt 
werden. 
[0011] Die vorliegende Erfindung macht sich zur 
Aufgabe, die Nachteile des Standes der Technik zu 
beheben, insbesondere einen noch niedereren Fla
chenwiderstand bei einem hohen Haackeschen GOte
faktor zu erreichen. 
[0012] Diese Autgabe wird gel6st durch ein 
Schichtsystem nach Anspruch 1 sowie durch ein Ver
fahren nach Anspruch 6. Die abhangigen Patentanspru
che beschreiben weitere bevorzugte Ausfuhrungen der 

:J .... 
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Erfindung. 

[0013) Ein erfindungsgemasses Schichtsystem 
nach Anspruch 1 umfasst mindestens 2 Oxidschichten 
und eine dazwischen gelagerte Silberschicht und weist 
einen Flachenwiderstand von weniger als 2,9 !>.sq, vor- · 5 

zugsweise·2,5 fisq und geringer auf, bei einern Ober die 
Wellenlangen 435, 545 und 61 O nm gemittelten Haak
keschen GOtefaktor van grosser als 0,085 n.·1· 

(0014] Dabei ist es aus Grunden der Farbneutralitat 
gOnstig, wenn bei einem Flachenwiderstand von 2,5 10 

.Q5q die optische Transmission bei 435 nm mindestens 
89 %, bei 545 um mindestens 88 % und bei 610 nm 
mindestens 75 % betragt. Damit ist gewahrleistet, dass 
die Beschichtung in Durchsicht moglichst neutral 
erscheint. 15 

(0015] Besonders gute Ergebnisse werden erzielt, 
wenn die Dicke der beiden Oxidschichten vorteilhafter
weise unter 50 nm, vorzugsweise zwischen 30 und 40 
nm. und die Dicke der Silberschicht unter 20 nm, vor-
zugsweise bei 15 nm, gewahlt wird. 20 

[0016] Die Entspiegelungswirkung der Oxidschich-
ten wird besonders gut, wenn die Oxidschicht neben 
lnjium 5 bis 10 At.-% Cer enthalt. 
(0017) . C)ie Stabilitat der Silberschicht wird durch 
Be1qaoe von bis zu 1 O Gew.-o/o Kupfer erhoht. Besen- 25 

dt-rs w1n..sam zeigten sich Beigaben von 0,5 bis 3 % 
urd nstesonoere 0.5 bis 1 °k. 
(0018) 3e1 der Herstellung des beschriebenen 
Scr1icht~ystems ast es entscheidend, wie in Anspruch 6 
urd ~e teren atha'lgigen AnsprOchen beschrieben, 30 

O<:ss a•e Aw!tmngung der zweiten Oxidschicht nicht mit 
re.ne· CC Zerstaubung. sondern mit einer gepulsten 
D\:: le~ta"ou,g oder mit einer AC-Oberlagerten DC
Zers:;;Jt>ung ertclgt Die AC-Oberlagerung wird bei-
s;;: •elswt:tSe oaourcti erzeugt, dass das Ausgangssignal 35 

ut·e• e•r ~ dter aut die mit einer DC-Stromversorgung 
g.;s~·s:e ~pu:terquene eingekoppelt wird. Eine weitere 
M :..g1cm.e11 oesteht beispietsweise auch darin, die DC-

hoch gehalten werden. Ohne das erfindungsgemasse 
Vorgehen mOsste zur Erzielung dieser Leitfahigkeit die 
Dicke der Silberschicht erhoht werden, was unvermeid
lich zu einer deutlicheren Verringerung der Transmis
sion und damit zu einer wesentlichen Verschlechterung 
des Haackeschen GOtefaktors tohren wOrde. 

(0025) Die Herstellung solcher Schichten an Hand 
des erfindungsgemassen Verfahrens soll nun an dem 
nachfolgenden Beispiel beschrieben werden. 
[0026] Die Glas-Substrate· aus herkommlichem 
dOnnen Floatglas oder Maschinenglas werden in her
kommlicher Weise gereinigt und dann in eine Zerstau
bungsanlage eingebracht. Die Vakuumkammer wird 
abgepumpt und nach Erreichung des notigen Vakuums 
mit der Aufstaubung der ersten Oxidschicht aus lndium
und Ceroxid begonnen. Diese Oxidschicht wird teilreak
tiv von einem Oxidtarget abgestaubt, d. h. in einer 
Argonatmosphare von ca. 2,2x1 o·3 hPa mit einer Beimi
schung von Sauerstoff van maximal 5 %. Dieser Zer
staubungsprozess ist ein reiner DC-Prozess. Typische 
Zerstaubungsraten sind 5 bis 8 nmxm/minxcrn2W. 
Ansehliessend erfolgt als reiner nicht-reaktiver DC-Pro
zess das Aufstauben der Silberschicht. Hier liegen die 
typischen Zerstaubungsraten bei 12 bis 15 
nmxm/minxcrn2/W. Ihm schliesst sich das Aufstauben 
der zweiten Oxidschicht mit einer AC-Oberlagerten DC
Zerstaubung an. Dabei liegt der AC-Anteil, definiert 
durch das Verhaltnis der eingespeisten DC- und AC
Leistung, zwischen 30 und 50 %. Die AC-Frequenz liegt 
bei 13,56 MHz. Nach Beendigung des Zerstaubungs
prozesses werden die beschichteten Glaser durch eine 
Schleuse oder durch Fluten der Kammer an Luft ausge
bracht. In einem anschliessenden Atzprozess werden 
die Substrate dann strukturiert und zu Displays weiter
verarbeitet. 
(0027] Im folgenden ist die Erfindung in den Figuren 
1 und 2 an Hand von Ausfuhrungsbeispielen erlautert. 

Strornver::.ur\}Lng entsprechend zu modulieren oder zu Fig. 1 zeigt schematisch und im Querschnitt ein 
erfindungsgemasses Schichtsystem. td .. :.:·1 1c.:t•uvvem1. Es sind also verschiedene Modula- 40 

t1cne• mug ..:;h Fig. 2 zeigt die im sichtbaren Spektralbereich 
gegen Luft gemessene optische Transmis
sion· eines erfindungsgemassen Schichtsy
stems mit einern Flachenwiderstand von 2,5 

(0019) J•e AC-rrequenz sollte zwischen 1 und 50 
M:-i.:. vcr.:1..gswe1se zw:schen 10 und 20 MHz, liegen, 
ur-i b<C:-.ond<Cr:; gutc Ergcbnisse zu erreichen. 
(0020] ,m Wt-1teren wird mit Vorteil der AC-Anteil, 45 fisq· 
detm ert d1..rch das Verhaltnis der eingespeisten DC
urd AC ·le1stu'lg. zwiscnen 10 und 90 %, vorzugsweise 
zw1sche'l 3:J und 50 ~o. eingestellt. 
(0021) P.Psonders geeignet erwies sich eine totale 
Leistungsdichte (AC und DC) van 1 bis 3 W/cm2 , vor
zugsweise von 2 bis 2.2 W/cm2 . 

[0022) Als Zerstaubungsmethode wird Magnetrons-
punem bevorzugt 
(0023) Die Vorteile dieses Verfahrens konnen wie 
folgt zusammengefasst werden: 
(0024] Durch die Erhaltung der guten Leitfahigkeit 
der dOnnen Silberschicht durch die Art der Aufbringung 
der zweiten Oxidschicht kann die optische Transmission 

[0028) In der Fig. 1 bedeuten 1 das Glassubstrat, 
auf welches das erfindungsgemasse Schichtsystern 
aufgebracht wird, 2 eine lndium-Cer-Oxidschicht, 3 eine 

so Kupfer-dotierte Silber-Schicht, und 4 eine abschlies
sende lndium-Cer-Oxidschicht. 
[0029) Das Glassubstrat.1 ist z. B. ein handelsObli:.. 
ches Floatglas mit 1, 1 mm Dicke. Es konnen aber auch 
andere Glasdicken und andere Glaser, z. 8. Maschinen-

55 glas, benOtzt werden. 

3 

[0030] Darauf wird durch teilreaktive DC-Zerstau
bung van einem Oxidtarget, bestehend aus vorzugs
weise 90 bis 95 At.-% Indium und 5 bis 10 At.-% Ger, 
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> (:L eine Oxidschicht 2 mit der geometrischen Dicke van 30 

0 bis 37 nm abgeschieden. 

LJ [0031] Auf diese Oxidschicht 2 wird eine Silber-

schicht 3 mit 0,5 bis 10 % Kupfer-Beimengung, vorzugs

weise 0,5 bis 3% und insbesandere 0,5 bis 1 % Kupfer, 

in einem reinen DC-Zerstaubungsprozess in einer 

Argonatmasphare in einer Dicke van 15 nm autge

bracht. 
[0032] Auf die Schicht 3 aus Silber/Kupfer wird 

0 direkt eine zweite lndium-Cer-Oxidschicht 4, ebentalls 

_3 mit der geametrischen Dicke van 30 bis 37 nm, abge

~ schieden. Dies erfalgt jedach mit einem AC-Oberlager

c+- ten DC-Zerstaubungsprazess. Dabei liegt der AC-

U>Q) Anteil, definiert durch das Verhaltnis der eingespeisten 

DC- und AC-Leistung, zwischen 10 und 90 %, vorzugs-

im weise zwischen 30 und 50 %. Die AC-Frequenz liegt 

zwischen 1 und 50 MHz, vorzugsweise zwischen 1 0 

und 20 MHz. 
(0033] Optional kann nach der Silber/Kupfer

Schicht eine Schutzschicht aus Oxiden von Titan- oder 

Nickellegierungen mittels DC-Magnetron-Zerstaubung 

aufgebracht werden. 

[0034] In der Fig. 2 ist die optische Ourchlassigkeit 

(gemessen gegen Luft) eines erfindungsgemassen 

Schichtsysterns mit einem Flachenwiderstand von 2,5 

llsq in Abhangigkeit van der Wellenlange im Spektralbe

reich 400 bis 800 nm dargestellt Bei 435 nm werden 

89,8 %, bei 545 nm 88,4 % und bei 610 nm 75,4 % 

erreicht. Der Ober diese drei Wellenlangen gemittelte 

Haackesche GOtefaktor betragt 0,092 .n-1 . 

Patentanspriiche 

1. Leitendes transparentes Schichtsystem mit zwei 

Oxidschichten (2,4) und einer dazwischen gelager

ten Silber-Schicht (3) auf einem Substrat (1 ), 

dadurch gekennzeichnet, dass bei einem Fla

chenwiderstand Rs van < 2,9 fisq·· varzugsweise < 

2,5 D.sq und weniger, der mittlere Haackesche 

GOtefaktar des Schichtsystems tur die Wellenlan

gen 435, 545 und 610 nm (4>-rc=T10tRs)>0,085ff 
1betragt. 

2. Schichtsystem nach Anspruch 1, dadurch 

gekennzeichnet, dass bei einem Flachenwider

stand von 2,5 D.sq die Durchlassigkeit T bei 435 nm 

mindestens 89 %, bei 545 nm mindestens 88 % 

und bei 61 o nm mindestens75%betragt. 

5 

10 

15 

20 

25 

30 

AnsprOche, dadurch gekennzeichnet, dass die 

Oxidschichten (2,4) Indium und Ger enthalten, var

zugsweise 90 bis 95 At.-% Indium und 5 bis 10 At.

% Ger. 

5. Schichtsystem nach einem der vorangehenden 

AnsprOche, dadurch gekennzeichnet, dass die 

Silber-Schicht (3) bis zu 1 o Gew.-% Kupfer enthalt, 

vorzugsweise im Bereich a.5 bis 3 % und ins

besandere 0,5 bis 1 %. 

6. Verfahren zur Herstellung eines leitenden transpa

renten Schichtsystems nach einern der vorange

henden Anspruche, dadurch gekennzeichnet, 

dass bei der Aufbringung der zweiten Oxidschicht 

(4) eine gepulste DC-Zerstaubung oder eine AC

uberlagerte DC-Zerstaubung verwendet wird. 

7. Verfahren nach Anspruch 6, dadurch gekenn

zeichnet, dass eine AC-Oberlagerung mit einer 

Frequenz zwischen 1 und 50 MHz, vorzugsweise 

zwischen 10 und 20 MHz vargenammen wird. 

8. Verfahren nach Anspruch 6 und 7, dadurch 

gekennzeichnet. dass der AC-Anteil, definiert 

durch das Verhaltnis der eingespeisten DC- und 

AC-Leistung, zwischen 10 und 90 %, varzugsweise 

zwischen 30 und 50 % liegt. 

9. Verfahren nach Anspruch 6, 7 und 8, dadurch 

gekennzeichnet, dass die tatale Leistungsdichte 

(AC und DC) im Bereich 1 bis 3 W/cm2, vorzugs

weise aber bei 2 bis 2.2 W/cm2 liegt. 

35 10. Verfahren nach Anspruch 6 bis 9, dadurch 

gekennzeichnet, dass als Zerstaubungsvertahren 

Magnetronzerstaubung gewahlt wird. 

11. Leitendes transparentes Schichtsystem nach 

40 Anspruch 1 bis 5, dadurch gekennzeichnet, dass 

es nach dem Verfahren nach den Anspruchen 6 bis 

1 O gefertigt wurde. 

12. Leitendes transparentes Schichtsystern als trans-

45 parente Elektroden tur grossflachige Displays nach 

Anspruch 1 bis 5, dadurch gekennzeichnet, dass 

es nach dem Verfahren nach den AnsprOchen 6 bis 

1 O gefertigt wurde. 

3. Schichtsystem nach einem der vorangehenden so 
Anspruche, dadurch gekennzeichnet, dass die 

Dicke des Schichtsystems < 100 nm, varzugsweise 

80 bis 90 nm betragt, wabei die Dicke der Silber

schicht (3) bei < 20 nm, varzugsweise bei 15 nm, 

und die Dicke der beiden Oxidschichten (2,4} bei < 55 

50 nm, vorzugsweise zwischen 30 und 40 nm, liegt. 

4. Schichtsystem nach einem der varangehenden 
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(57) A conductive sinter obtained from a mixture of 
titanium oxide particles and 2.5% by weight niobium ox
ide particles is used as a target in direct current sputter- · 
ing to form a photocatalytically active film mainly com
prising titanium oxide on a glass substrate. The target 
has a surface resistance of 500 ntO or lower and the · 
sputtering is conducted while heating the substrate at 

230°C. The photocatalytically active film is based on an 
amorphous matrix. This precess is free from problems 
of a conventional process in which a photocatalytically 
active titanium oxide film is deposited by reactive sput
tering using titanium metal as a target. The problems 
are that the substrate needs to be heated to 350°C or 
higher and that the deposited film does not have high 
photocatalytic activity. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a multilayer structure which functions as a photocatalyst and can render its 
surface hydrophilic upon irradiation with ultraviolet rays or visible rays. The present invention further relates to a process 
for producing the same. 

10 

BACKGROUND OF THE INVENTION 

(0002] Members comprising a substrate coated with a titanium oxide film functioning as a photocatalyst are used in 
various applications. Such members are applicable to various articles so as to take advantage of the hydrophilicity 
resulting from their photocatalytic function for various purposes such as, e.g., antifogging, cleaning by rain, cleaning 
by water washing, and antifouling. For example, in the case of articles wherein the substrate is a glass plate, such as, 

15 e.g., windshields and sideview mirrors for vehicles, window glasses for buildings, and mirrors, a technique is used in 
which the substrate is coated with a photocatalyst film whose surface becomes hydrophilic and is thereby prevented 
from being clouded with steam or covered with adherent waterdrops. 
[0003] JP-A-10-278165 (the term "JP-A" as used herein means an "unexamined published Japanese patent appli
cation") discloses a technique in which a metal target comprising titanium as the main component is used to conduct 

20 sputtering in an oxygen-containing atmosphere and the resulting deposit is heated to thereby form on a glass plate a 
photocatalyst film having anatase crystals and excellent resistance to abrasion and wearing. 
[0004] However, in order for the technique described above to form a titanium oxide film having photocatalytic activity, 
it is necessary that a titanium oxide film should be deposited on a substrate heated to 300°C or higher or that a titanium 
oxide film which has been deposited on a substrate having room temperature should be heated to a temperature as 

25 high as 600°C or higher. Furthermore, there has been a problem that in the reactive sputtering in which a titanium 
metal target is used in an oxygen-containing atmosphere, the glow discharge becomes unstable as an electrically 
insulating oxide accumulates on the titanium metal surface and, as a result, a titanium oxide film cannot be stably 
obtained. 
[0005] JP-A-10-310653 discloses a technique in which an anatase titanium oxide film or rutile titanium oxide film is 

so deposited on a glass plate by the sol coating method, organic titanate method, electron beam vapor deposition method, 
or the like. There is a description therein to the effect that the energy band gap between the conductive band and the 
valence band in a titanium oxide film functioning as a photocatalyst is regulated by incorporating a metal oxide selected 
from ruthenium oxide, cobalt oxide, cerium oxide, chromium oxide, rhodium oxide, and vanadium oxide to thereby 
effectively obtain hydrophilicity. 

35 (0006] However, the technique described above has had a problem that a step of heating at a temperature as high 
as 350"C or higher is necessary for obtaining a crystalline titanium oxide film having photocatalytic activity, resulting 
in a complicated production process. 
[0007] JP-A-1-92176 disck>ses a technique in which a titanium oxide photocatalyst film is deposited on a glass plate 
by reactive sputtering using titanium metal as a sputtering target and this titanium oxide film is doped with ions of a 

40 metal such as niobium, cobalt, or chromium by ion implantation to improve catalytic activity. 
[0008] However, the technique described above has had drawbacks that an expensive ion injector is necessary for 
injecting metal ions in a glass by ion injection, and that it is virtually difficult to deposit a photocatalytically active film 
on a glass having a relatively large area, such as a window glass for buildings, etc., on an industrial scale. 

45 SUMMARY OF THE INVENTION 

[0009] The present invention has been achieved in order to overcome the problems described above. 
[001 O] One object of the present invention is to provide a multilayer structure comprising a substrate and formed 
thereon a film having satisfactory photocatalytic activity and practical antifouling properties. 

so [0011] Another object of the present invention is to provide a process for producing a multilayer structure comprising 
a substrate and formed thereon a film having photocatalytic activity and antifouling properties. 
[0012] According to the first embodiment of the present invention provides, there is provided a process for producing 
a multilayer structure comprising a substrate and formed thereon a film mainly comprising titanium oxide and having 
photocatalytic activity, which comprises sputtering a conductive sinter target obtained by sintering a mixture of particles 

55 of titanium oxide and particles of at least one metal oxide selected from the group consisting of niobium oxide, tantalum 
oxide, vanadium oxide, zirconium oxide, tin oxide, chromium oxide and copper oxide, in an atmosphere capable of 
having a regulated vacuum to form the film mainly comprising titanium oxide and having photocatalytic activity on the 
substrate. 
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(0013] The film mainly comprising titanium oxide (hereinafter referred to as "titanium oxide film") in the present in

vention is obtained by sputtering. in an atmosphere capable of having a regulated vacuum, a conductive target obtained· 
by sintering a mixture of particles of titanium oxide as the main component and particles of at least one metal oxide, 

as a minor component. selected from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium 

oxide, tin oxide, chromium oxide and copper oxide. The surrounding gas when sputtering that can be used is an inert 
gas such as argon or a mixed gas comprising an inert gas and oxygen. 
(0014] Especially when an oxygen-containing atmosphere having a reduced pressure is used in order to sputter a 

titanium oxide film which does not have a considerable deficiency of oxygen as compared with. the stoichiometric 
amount and is transparent in the visible region, the target surface is inhibited from being covered with an electrically 

insulating substance because a small oxygen amount is sufficient for the atmosphere. 
(0015] The target used in the present invention, which is an oxide sinter containing titanium oxide as the main com

ponent, is electrically conductive in such a degree that electric current can flow through the surface thereof. It is preferred 

that a direct current glow discharge be used to bombard the conductive target and thereby deposit a film. This is 
because a direct current power source, which is relatively inexpensive, can be used to generate a stable glow discharge 
and deposit a photocatalytically active titanium oxide film on a substrate. 
(0016) The target having conductivity for use in the present invention can be obtained by sufficiently mixing particles, 

preferably fine particles, of titanium oxide with particles, preferably fine particles. of at least one metal oxide selected 
from the group consisting of niobium oxide, tantalum oxide. vanadium oxide. tin oxide, chromium oxide and copper 

oxide, and forming the powder mixture into a given shape by pressure molding. Conventional cold pressing or hot 
pressing method can be used for this pressure molding. 
(0017] The conductivity of the target for use in the present invention is preferably such that the surface resistance 
thereof is 500 Q.tO or lower, in order to maintain a glow discharge for sputtering the target over a long period of time 
lo lhereby form a titanium oxide film in a stable manner. If the surface resistance exceeds 500 n.tO ; it is not preferable 
in that the glow discharge is apt to be interrupted. From the standpoint of even more stably maintaining a glow discharge 

over a long period of time,. the surface resistance of the target is more preferably 50 n.tO or lower. 
(0018] In the present invention, the formation cit a photocatalytically active titanium oxide film is preferably conducted 
at a substrate temperature of 170°C or higher. If the substrate temperature is lower than 170°C, it is undesirable in 
that the titanium oxide film obtained has insufficient resistance to abrasion and wearing and has low photocatalytic 
activity. From this standpoint, the substrate temperature is more preferably 200°C or higher. 
(0019] On the other hand, if the substrate temperature exceeds 270°C during film formation, the titanium oxide film 
tends to have a higher degree of anatase crystal orientation and, unexpectedly, the photocatalytic activity thereof 
decreases gradually. From this standpoint, the substrate temperature during film deposition is preferably 270"C or 
lower. more preferably 250°C or lower. 
[0020) Preferred metal oxides to be contained in titanium oxide in the present invention are niobium oxide, vanadium 
oxide and tantalum oxide because these metal oxides are effective not only in relatively easily maintaining a glow 
discharge necessary for sputtering the sinter target but in obtaining a titanium oxide film having enhanced photocatalytic 

activity. Of those, niobium oxide is most preferable. 
(0021) The oxygen content of the sputtering gas atmosphere (gas composition introduced into the film-formation 
chamber) is preferably less than 80 vol%, more preferably less than 60 vol%, from the standpoint of increasing the 
deposition rate of film formation. 
(0022) According to the second embodiment of the present invention, there is provided a multilayer structure com
prising a substrate and formed thereon a film mainly comprising titanium oxide and having photocatalytic activity (here
inafter referred to as "titanium oxide film"), wherein the film contains as a minor component at least one metal oxide 
selected from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium oxide, tin oxide, chro
mium oxide and copper oxide and is substantially amorphous when analyzed by X-ray diffraction method. 
(0023] In the case where the titanium oxide film formed is composed of crystals. many grain boundaries are present 
therein. Electron-hole pairs which have been excited by light in the titanium oxide film are trapped by many lattice 
defects present on those grain boundaries, so that the number of electron-hole pairs present on the film surface, which 

contribute to photocatalytic activity, is reduced. Because of this, such a titanium oxide film has reduced photocatalytic 
activity. In contrast, the multilayer structure of the present invention is reduced in the trapping since it mainly comprises 
an amorphous matrix. This oonstitution is thought to bring about a high photoexcitation efficiency .. The multilayer struc

ture of the present invention therefore has high photocatalytic activity. 
(0024] The titanium oxide film is characterized in that it is less apt to have a crystalline structure because the titanium 
oxide contains a small amount of one or more metal oxides. The film thickness of the titanium oxide film is preferably 

150 nm to 500 nm. 
(0025] In the present invention, the content of the metal oxide(s) as a minor component in the titanium oxide is 

preferably 1 % by weight or higher, more preferably 2.5% by weight or higher. If the content of metal oxides as a minor 
component in the film is lower than 1 % by weight, it is undesirable in that not only stable photocatalytic activity is difficult 
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to obtain but also the target is less apt to retain conductivity (electricity-passing properties) in a degree so as to conduct 
sputtering in a stable manner, making it difficult to stably form a titanium oxide film. 
(0026] On the other hand, the content of the metal oxide(s) as a minor component is preferably 10% by weight or 
lower, more preferably 5% by weight or lower. This is because if the content of the metal oxide(s) exceeds 10% by 

5 weight, the content of titanium oxide decreases in relative amount, resulting in lowering photocatalytic activity. 
[0027) In the present invention, preferred metal oxides as the minor component are niobium oxide, vanadium oxide 
and tantalum oxide from the standpoints of obtaining high photocatalytic activity and forming a stable glow discharge 
to form a titanium oxide film with satisfactory reproducibility. Especially preferred from such standpoints is niobium 
oxide. 

10 [0028] Usable substrates include ones made of inorganic materials such as glasses and ceramics and ones made 
of organic materials such as plastics because in the process of the present invention, film formation on substrates is 
possible at relatively low temperature. Examples of applications of such substrates include window glasses for buildings 
and vehicles, exterior and interior materials for buildings, Braun tubes, PDP displays, liquid~rystal display panels, 
optical recording media, magnetic recording media, and members or housings of domestic electrical appliances or OA 

15 apparatus. 
[0029] In the case where a glass plate, especially one containing alkali components, such as a soda-lime silicate 
composition, is used as a substrate, it is preferred to dispose, between this glass substrate and a titanium oxide film, 
a primer film serving to prevent the alkali components of the substrate from dissolving in the titanium oxide film. From 
the standpoint of further improving antifouling properties, it is preferred to partly or wholly coat the titanium oxide film 

20 of the present invention with a hydrophilic film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0030] Fig. 1 is a sectional view showing one embodiment of the multilayer structure according to the present inven-
25 tion. 

[0031] Fig. 2 is a graphic presentation showing the influence of substrate temperature during titanium oxide film 
formation on residual triolein amount. 
[0032] Fig. 3 is a graphic presentation showing the influence of substrate temperature during titanium oxide film 
formation on the crystalline structure of the film. 

so (0033] Reference Numerals in the drawings are as follows: 

1: Multilayer structure of the present invention 
2: Glass substrate 
3: Photocatalytically active film mainly comprising titanium oxide 

35 4: Primer film 
5: Hydrophilic film 

DETAILED DESCRIPTION OF THE INVENTION 

40 (0034] Embodiments of the present invention will be explained in detail below. 
(0035) Fig. 1 is a sectional view showing one embodiment of the multilayer structure according to the present inven
tion. This multilayer structure 1 comprises a glass substrate 2 and, superposed on one side thereof in this order, a 
primer film 4 comprising silicon dioxide serving to prevent alkali dissolution, a titanium oxide film 3 having photocatalytic 
activity, and a hydrophilic film 5. Fig. 2 is a graphic presentation showing the influence of the substrate temperature 

45 during titanium oxide film formation on the residual triolein amount. Fig. 3 is a graphic presentation showing the influence 
of the substrate temperature during titanium oxide film formation on the crystalline structure of the film. 
(0036] Examples of the glass substrate include plates made of a soda-lime silicate glass.· alkali borosilicate glass 
and aluminoborosilicate glass. Examples of plastic substrates include substrates made of a polycarbonate resin, acrylic 
resin and polystyrene resin. In the case of using a substrate containing an alkali component, e.g., sodium ions, as in 

so a soda-lime silicate glass, it is preferred to dispose a film of a metal oxide such as silicon dioxide as an alkali dissolution 
preventive film between the substrate and a titanium oxide film in order to prevent the alkali component, which is apt 
to move within the glass, from coming into the titanium oxide film from the glass. Silicon dioxide can be film.formed by 
conventional technique such as sputtering, CVD or a method using an aqueous solution containing hydrosilicofluoric 
acid supersaturated with silicon dioxide. The thickness of this silicon dioxide film is preferably from 10 to 100 nm. 

55 (0037) The sinter target used in forming a photocatalytically active titanium oxide film according to the present in
vention is produced by, for example, the following manner. Titanium oxide and niobium oxide each are regulated so 
as to have a particle diameter of from about 0.01 to 50 µm. The niobium oxide is mixed with the titanium oxide in an 
amount of from 1 to 10% by weight based on the weight of the titanium oxide, and this mixture is molded into a given 
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shape by cold isostatic pressing in water in which the powder mixture is pressed at 3 1fcm2. The resulting molded 

product is degreased at 400 to 500°C, preliminarily burned in an oxygen atmosphere at 1300 to 150QOC for 4 to 6 

hours, and then subjected to hot isostatic pressing at 1 ,350 to 1,450°C under a pressure of about 100 MPa in an 

atmosphere comprising argon and oxygen. 
s [0038] Conductivity is imparted to the sputtering target according to the present invention to such a degree that the 

target is not charged during sputtering with a direct current glow discharge. From the standpoint of easily obtaining 

such target surface conductivity, preferred metal oxides for use as the minor component are niobium oxide, vanadium 

oxide and tantalum oxide. Especially preferred is niobium oxide. 
(0039] By using the oxide sinter target which is not charged, sputtering can be conducted with a direct -current glow 

10 discharge. The partial oxygen pressure of the atmosphere used for this sputtering may be lower than that in the reactive 

sputtering method in which titanium metal is used as a target. Even when the sputtering is conduct8d over a long period 

of time, the accumulation of an electrically insulating substance on the target surface can be inhibited. The sputtering 

atmosphere is regulated so as to have a pressure of from 1 to 5 mTorr in magnetron sputtering (MS) or d.ual magnetron 

sputtering (OMS). For maintaining this pressure, the gas to be introduced into the film-formation chamber is preferably 

15 regulated so as to have a compositiqn having an oxygen content of from 0.5 to 10% by volume. 

(0040] The primer film used as an alkali dissolution preventive film in the present invention may be a film of a metal 

oxide or a film of a nitride. Especially preferred are silicon dioxide, silicon nitride and silicon oxynitride because these 

compounds show satisfactory adhesiveness to glass plates and titanium oxide films. 

(0041] In the present invention, both hydrophilicity and antifouling properties can be imparted to the substrate more 

20 satisfactorily by coating the titanium oxide film with a hydrophilic film transparent to ultraviolet or visible light. Preferred 

examples of this hydrophilic film include silicon dioxide films or films containing silicon dioxide as the main component. 

(0042] Methods for forming the primer film or hydrophilic film are not particularly limited, and conventional methods 

can be used, such as sputtering, CVD using an organosilane as a starting material, and a method using an aqueous 

hydrosilicofluoric acid solution supersaturated with silicon dioxide. 

25 (0043] The present invention will be explained in more detail below by reference to the following Examples and 

Comparative Examples, but it should be understood that the invention is not construed as being limited thereto. In 

each of those Examples and Comparative Examples, the following conditions were used in forming a titanium oxide film. 

Target size: 38 cm (length) x 13 cm (width) x 6 mm (thickness) 
so Sputtering power: 3 kW 

35 

Pressure of sputtering atmosphere: 3 mTorr 
Gas introduced: argon/oxygen mixed gas or oxygen gas 
Substrate heating: various temperatures according to experiments in the range of from room temperature (about 

25°C) to 35D"C. 

EXAMPLE 1 

(0044] A mixture of 2.50/o by weight niobium oxide and 97.50/o by weight titanium oxide was molded into the shape 

shown above by cold isostatic pressing in water at a pressure of 3 Vcm2. This molded product was degreased at 450°C, 

40 preliminarily burned in an oxygen atmosphere at 1,400°C for 5 hours, and then subjected to hot isostatic pressing at 

1,400°C under a pressure of about 100 MPa in an atmosphere composed of argon and a small proportion of oxygen. 

(0045] The oxide sinter target thus obtained had a. surface resistance of 5 n.G. Using this target, a titanium oxide 

film having a thickness of 250 nm was formed on a 30 cm-square float glass plate having a soda-lime silicate compo

sition under the film-formation conditions shown in Table 1. The substrate temperature during film-formation was reg-

45 ulated to 230°C. Thus, Sample 1 was obtained. The titanium oxide film of the multilayer structure obtained was exam

ined for photocatalytic performance (triolein-decomposing ability and contact angle with water) and crystalline state. 

Antifouling performance also was evaluated. 
(0046] The examination and evaluation methods are as follows. 
(0047] Film crystallinity: Crystalline state of the film was judged based on X-ray diffraction peaks obtained with Cut<u 

50 line (50 kV, 200 mA). 
(0048] Triolein-decomposing ability: The side coated with the titanium oxide film was coated with about 2 mg of 

triolein. The film side of this sample was then irradiated with black light (containing ultraviolet) at an intensity of 3 mW/ 

cm2. After 43 hours, the residual triolein amount was determined and shown in terms of %. 

[0049] Antifouling performance: The multilayer structure was exposed outdoors for 2 months, and the surface thereof 

ss was then visually examined. The adhesion of fouling substances, such as waterdrop marks resulting from rain or dust 

particles, was evaluated and indicated by 0, .6 or x. The results of this comparative evaluation, in which the fouled 

state of the glass plate not coated with a titanium oxide film is taken as x, are shown in Table 1. 

5 
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X: Considerable adhesion of fouling substances derived from waterdrops, etc., and the sample looked white in 
terms of reflected light. 
~: Slightly reduced adhesion of fouling substances. 
O: Even more reduced adhesion of fouling substances, and the sample looked less white in terms of reflected light. 

(0050] The results of the evaluation of Sample 1 obtained are shown in Table 1. Table 1 shows the following. 
(0051] In X-ray diffraction analysis, no diffraction peak characteristic of crystals was observed in the titanium oxide 
film or Sample 1. The film was hence found to be amorphous. This titanium oxide film had a residual triolein amount 
of O°lo and a contact angle with pure water of as small as 9 degrees, showing that the surface thereof was satisfactorily 

10 hydrophilic. Furthermore, the antifouling performance thereof was rated as 0, which is the best. 

EXAMPLES 2 TO 4 

[0052] Multilayer structure Samples 2 to 4 were produced in the same manner as in Example 1, except that the 
15 content of niobium oxide was changed to 1.0% by weight, 5.0% by weight and 10.0% by weight. respectively. The 

evaluation results for these samples are shown in Table 1. In each sample. the titanium oxide film was amorphous 
when analyzed by the X-ray diffraction method, and the surface thereof was hydrophilic and had an antifouling effect 
based on photocatalytic function. 

20 Table 1 

25 

30 

35 

40 

45 

50 

55 

Sample Titanium oxide target Titanium oxide film 
No. 

Minor metal oxide Surface Crystallinity Triolein- Contact Anti-fouling 
resistance decomposing angle with performance 

(!l!O) ability, water 
residual (degree) 

amount (o/o) 
' Ingredient Content 

(wto/o) 

Sample 1 Nb20 5 2.5 10 amorphous 0 9 0 

Sample2 Nb20 5 1.0 5 amorphous 4 ,, 0 

Sample3 Nb20s 5.0 10 amorphous 2 9 0 

Sample4 NbPs 10.0 20 amorphous 6 11 0 
(Notes) Substrate temperature: 230°C 

Titanium oxide film thickness: 250 nm 

EXAMPLE 5 

[0053] A multilayer structure sample was produced in the same manner as in Example 1, except that prior to the 
titanium oxide film formation, a primer film of silicon dioxide having a thickness of 50 nm was formed by high.frequency 
sputtering using quartz glass as a target Multilayer structure Sample 5 thus obtained was subjected to the film eval
uations in the same manner as in Example 1 , and the results obtained are shown in Table 2. 

EXAMPLES 

[0054] A multilayer structure sample was produced in the same manner as in Example 3. Thereafter. a hydrophilic 
film of silicon dioxide was formed on the titanium oxide film of the sample by high-frequency sputtering using quartz 
glass as a target. Multilayer structure Sample 6 thus obtained was subjected to the film evaluations in the same manner 
as in Example 1. and the results obtained are shown in Table 2. The results for Sample 1, which had neither a primer 
film nor a hydrophilic film, are also shown in Table 2 for the sake of comparison. 
[0055] Table 2 shows that Sample 5 and Sample 6 both had satisfactory triolein-decomposing ability and that espe
cially in Sample 6, the surface of the multilayer structure had improved hydrophilicity. 

6 
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EXAMPLES 7TO12 

(0056] Multilayer structure Samples 7 to 12 were produced in the same manner as in Example 1, except that the 
niobium oxide was replaced with each of the various metal oxides shown in Table 3. These multilayer structures were 

5 examined for photocatalytic performance in the same manner as in Example 1, and the results obtained are shown in 
Table 3. The titanium oxide sinter targets respectively containing those metal oxides each had such a surface resistance 
that a glow discharge could be stably generated. It was further found that the multilayer structures obtained had sat
isfactory pholocatalytic performance and antifouling performance based on it 

10 Tabla 3 

Sample Trtanium oxide target Titanium oxide film 
No. 

Minor metal oxide Surface Crystallinity Triolein- Contact Anti-fouling 
15 resistance decomposing angle with performance 

(Q/D) ability, water 
residual (degree) 

amount(%) 
Ingredient Content 

20 (wt°lo) 

Sample? Ta2o5 2.5 10 amorphous 7 10 0 
SampleB V~s 2.5 5 amorphous 8 10 0 
Sample9 Zr02 2.5 30 amorphous 5 10 0 25 

Sample 10 Sn02 2.5 15 amorphous 9 11 0 
Sample 11 Cr20s 2.5 30 amorphous 10 12 0 
Sample 12 cue 2.5 15 amorphous 8 11 0 

30 (Notes) Film thickness: 250 nm 
Substrate temperature: 230°C 

EXAMPLES 13 TO 16 

ss [0057] Multilayer structure samples were produced in the same manner as in Example 1, except that the substrate 
temperature was changed to 170°C, 200°C, 250°C and 27C°C, respectively, for the purpose of examining the influence 
of the substrate temperature during film deposition on the photocatalytic activity of the titanium oxide film. The evaluation 
results for the samples obtained are shown in Table 4 together with the results for Sample 1. 

40 COMPARATIVE EXAMPLES 1 TO 4 

45 

50 

55 

[0058] Multilayer structure samples were produced in the same manner as in Example 1 , except that the substrate 
temperature was changed to room temperature (no heating), 150°C, 300°C and 350°C, respectively. The evaluation 
results for Comparative Samples 1 to 4 thus obtained are shown-in Table 4. 

8 
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[0059] Table 4 shows that from the standpoint of imparting sufficient photocatalytic activity to the titanium oxide film, 
the substrate temperature during film formation is preferably 170°C or higher and 270°C or lower. Fig. 2 shows a plot 
of the relationship between the found values of residual triolein amount shown in Table 4 and the substrate temperatures 
during film formation shown in Table 4. As the substrate temperature rises beyond 150°C, the residual triolein amount 

5 abruptly decreases, i.e., photocatalytic activity increases. On the other hand, as the substrate temperature lowers from 
350°C, the residualtriolein amount decreases, i.e., photocatalytic activity increases. It can be seen from this relationship 
that high photocatalytic activity is obtained when the substrate temperature is from 170 to 270°C, and even higher 
catalytic activity (a reduced residual triolein amount) is obtained when the substrate temperature is from 200 to 250"C. 
[0060] Fig. 3 shows X-ray diffraction charts for the titanium oxide films of the samples for which substrate tempera-

10 tu res of room temperature (no substrate heating), 150°C, 230°C and 300°C had been used, respectively. In the samples 
for which substrate temperatures of 300°C and 350°C had been used respectively, the diffraction peak attributable to 
the (101) plane of anatase crystals was observed. In contrast, the sample for which the substrate had not been heated 
and the samples for which substrate temperatures of 1500C and 230°C had respectively been used each showed no 
diffraction peak, showing that the titanium oxide films of these samples were substantially amorphous. 

15 [0061] From the Examples and Comparative Examples given above, it could be seen that when a titanium oxide film 
is formed at substrate temperatures not lower than 300°C, the titanium oxide film deposited is not amorphous but 
composed of anatase crystals and this titanium oxide film has reduced photocatalytic activity (an increased residual 
triolein amount). Namely, it was found that a titanium oxide film having satisfactory photocatalytic activity is obtained 
at relatively low temperatures (nearly the same as or lower than the heat resistance temperatures of organic resin 

20 materials and the like. which are around 250°C). 
[0062] The samples for which substrate temperatures of room temperature and 150°C had been used had low pho
tocatalytic activity whereas the samples for which substrate temperatures ranging from 170°C to 270°C had been used 
had high photocatalytic activity, despite the fact that these two groups of samples had such a common property that 
the titanium oxide film was amorphous when analyzed by the X-ray diffraction method. Although the reason for this 

25 has not been elucidated, it is presumed that in each of the samples in the latter group, microcrystals not detectable by 
the X-ray diffraction method are present in the amorphous matrix and make some contribution to photocatalytic activity. 

EXAMPLES 17TO 19 

30 [0063] Multilayer structure Samples 17 to 19 were produced in the same manner as in Example 1, except that the 
thickness of the titanium oxide film was changed to 50 nm, 100 nm and 500 nm, respectively, for the purpose of 
examining the influence of titanium oxide film thickness on photocatalytic performance. The evaluation results for these 
samples are shown in Table 5 together with the results for Sample 1 . It was found that as the film thickness increases, 
both the value of residual triolein amount, as a measure of triolein-decomposing ability, and the value of contact angle 

35 with water decrease. 

40 

45 

50 

55 

10 
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EXAMPLE 20 

(0064] Mmultilayer structure Sample 20 was produced in the same manner as in Example 1, except that the composition of the surrounding gas was changed in order to examine the influence of the sputtering gas atmosphere (gas 
5 composition introduced into the film-formation chamber) used for titanium oxide film formation on photocatalytic performance. The results of the examinations of the titanium oxide film obtained are shown in Table 6 together with the results for Sample 1. It was found that a high oxygen concentration in the atmosphere gives a titanium oxide film comprising anatase crystals and having reduced triolein<lecomposing ability. Namely, this experiment showed that for forming a titanium oxide film having high photocatalytic activity, it is advantageous to conduct film formation in an 

10 atmosphere containing a small amount of oxygen. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Table 6 
Sample Titanium Substrate Surrounding ntanium oxide film 

No. oxide temperature gas 
target (°C) composition, 

oxygen/ 
argon (volt) 

N~05 Crystallinity Triolein- Contact Anti-fouling 
amount decomposing angle performance 
(wt%) ability, with 

residual water 
amount(%) (degree} 

Sample 2.5 230 60/40 anatase 50 17 6 20 

Sample 2.5 230 6/94 amorphous 0 9 0 
1 

COMPARATIVE EXAMPLE 5 

[0065] Using titanium metal as a target, a titanium oxide film having a thickness of 250 nm was formed by directcurrent sputtering on a 30 cm-square float glass plate having a soda-lime silicate composition under the conditions shown in Table 7 to produce a multilayer structure. The gas composition of the atmosphere used for sputtering was regulated so as to have an oxygen content of 100% in order to secure transparency of the titanium oxide. Comparative Sample 5 of multilayer structure thus obtained was evaluated. As a result, the sample had poor triolein<lecomposing ability as shown in Table 7. 

COMPARATIVE EXAMPLE 6 

[0066] Sputtering was conducted in the same manner as in Comparative Example 5, except that the substrate temperature was changed to 350°C. Thus, Comparative Sample 6 of multilayer structure was produced. Although the titanium oxide film of this multilayer structure had an anatase crystal structure, it had low triolein<lecomposing ability (a large residual triolein amount) and insufficient antifouling performance. 

12 

JOCID: <EP ___ 1068899A1_1_> 

,. Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 879 of 1543



... w
 

i::·
 

S
am

pl
e 

N
o.

 -

C
om

pa
ra

tiv
e 

S
am

pl
e 

5 

C
om

pa
ra

tiv
e 

S
am

pl
e 

6 

lS 
~ 

~ 

Ta
rg

et
 

S
ub

st
ra

te
 

te
m

pe
ra

tu
re

 (
°C

) 

tit
an

iu
m

 m
et

al
 

23
0 

tit
an

iu
m

 m
et

al
 

35
0 

bl 
~ 

~ 

Ta
bl

e 
7 

S
ur

ro
un

di
ng

 g
as

 
co

m
po

si
tio

n,
 

ox
yg

en
/ a

rg
on

 
(v

ol
%

) 

C
ry

st
al

lin
ity

 

10
0/

0 
an

at
as

e 

10
0/

0 
an

at
as

e 

~ 
~
 

0 

Ti
ta

ni
um

 o
xi

de
 fi

lm
 

Tr
io

le
in

-
C

on
ta

ct
 a

ng
le

 w
ith

 
de

co
m

po
si

ng
 

w
at

er
 (

de
gr

ee
) 

ab
iltt

y,
 r

es
id

ua
l 

am
ou

nt
(%

) 

89
 

22
 

75
 

19
 

Il
l 

A
nt

i-f
ou

lin
g 

· 
pe

rfo
rm

an
ce

 

x 6. 

m
 

"'O
 ... I I >
 .... 

. .
 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 880 of 1543



EP 1066899 Al 

[0067] The above results show that in order for the conventional reactive sputtering method using titanium metal as 
a target to obtain a titanium oxide film having photocatalytic activity, the substrate should be heated to a temperature 
as high as 350°C, and that the photocatalytic activity thus obtained is not so high. The results further show that a 
titanium oxide film having photocatalytic activity cannot be obtained at a substrate temperature of 230°C, i.e., a titanium 

s · oxide film having high catalytic activity cannot be obtained at low temperatures. 
(0068] The above Examples and Comparative Examples demonstrate that according to the process of the present 
invention for producing a multilayer structure, films having high catalytic activity can be obtained at relatively low sub
strate temperatures of 270°C or lower. The Examples further demonstrate that the photocatalytically active titanium 
oxide films obtained have antifouling properties and are practically useful. 

10 (0069] According to the process of the present invention for producing a multilayer structure, a photocatalytically 
active titanium oxide film is formed on a substrate by sputtering in an atmosphere capable of having a regulated vacuum 
using a conductive sinter target obtained by sintering a mixture of particles of titanium oxide and particles of at least 
one metal oxide selected from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium oxide, 
tin oxide, chromium oxide and copper oxide. Consequently, a multilayer structure having a photocatalytically active 

15 film can be produced at high rate without the necessity of heating the substrate at high temperature. 
(0070] As a result, it has become possible to produce a multilayer structure using a large glass plate as a substrate. 
such as a window glass, using a sputtering apparatus having a simplified heating mechanism. The equipment cost 
can hence be reduced. 
(0071] Since lower substrate temperatures can be used in substrate heating, a photocatalytically active film can be 

20 formed on organic resin substrates and the like. 
[0072] Furthermore. by regulating the conductivity of the sinter target so that the surface resistance thereof is 500 
illO or lower. not only a multilayer structure can be produced with a direct current glow discharge continuing stably, 
but also a film having enhanced catalytic activity can be obtained when the substrate is heated to 170 to 27rJ"C. 
[0073] The multilayer structure of the present invention has a titanium oxide film which contains as a minor component 

25 at least one metal oxide selected from the group consisting of niobium oxide. tantalum oxide, vanadium oxide, zirconium 
oxide, tin oxide, chromium oxide and copper oxide, and which is substantially amorphous when analyzed by the X.·ray 
diffraction method. Due to this constitution, the multilayer structure has high photocatalytic activity. 
[0074] By regulating the content of the metal oxide(s) as the minor component to 1 to 100.k by weight, the titanium 
oxide film can be an amorphous film having high photocatalytic activity. 

30 (0075] Furthermore, by interposing, between the substrate and the titanium oxide film, a primer film which serves to 
prevent any alkali component of the substrate from dissolving in the titanium oxide film, the photocatalytic activity of 
the multilayer structure can be made to last over long period of time. Moreover, by partly or wholly coating the titanium 
oxide film with a hydrophilic film, the surface of the multilayer structure can be made more hydrophilic and the antifou ling 
properties can be enhanced. 

35 

Clalms 

1. A process for producing a multilayer structure comprising a substrate and formed thereon a film mainly comprising 
40 titanium oxide and having photocatalytic activity, which comprises forming the film by sputtering a conductive sinter 

target obtained by sintering a mixture of particles of titanium oxide and particles of at least one metal oxide selected 
from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium oxide, tin oxide, chromium 
oxide and copper oxide, in an atmosphere capable of having a regulated vacuum. 

45 2. The process for producing a multilayer structure as claimed in claim 1 • wherein the target has a conductivity such 
that the surface resistance thereof is 500 illO or lower. and the sputtering is conducted with a direct current glow 
discharge. 

3. The process for producing a multilayer structure as claimed in claim 1, wherein the film mainly comprising titanium 
50 oxide is formed while heating the substrate at a temperature of from 170 to 27rJ"C. 

4. The process for producing a multilayer structure as claimed in claim 3, wherein the film mainly comprising titanium 
oxide is formed while heating the substrate at a temperature of from 200 to 2500C. 

" 55 5. The process for producing a multilayer structure as claimed in claim 1, wherein the metal oxide is niobium oxide. 

6. A multilayer structure comprising a substrate and formed thereon a film mainly comprising titanium oxide and 
having photocatalytic activity, said film containing as a minor component at least one metal oxide selected from 

14 

>OCIO: <EP ___ 1068899A1_1_> 

.. . . 

·! 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 881 of 1543



. . . 

EP 1068899 A1 

the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium oxide, tin oxide, chromium oxide 
and copper oxide, and being substantially amorphous when analyzed by the X-ray diffraction method. 

7. The multilayer structure as claimed in claim 6, wherein the substantially amorphous film mainly comprising titanium 
5 · oxide comprises an amorphous matrix containing microcrystals. 

8. The multilayer structure as claimed in claim 6, wherein the content of the metal oxide as the minor component in 
the film mainly comprising titanium oxide is from 1 to 10% by weight. · 

10 9. The multilayer structure as claimed in claim 8, wherein the metal oxide as the minor component is niobium oxide. 

15 

10. The multilayer structure as claimed in claim 6, which has, interposed between the substrate and the film consisting 
mainly of titanium oxide, a primer film which serves to prevent any alkali component of the substrate from dissolving 
in the film mainly comprising titanium oxide. 

11. The multilayer structure as claimed in claim 6, wherein the film mainly coinprising titanium oxide is coated with a 
hydrophilic film. 

12. The multilayer structure as claimed in claim 11, wherein the primer film and the hydrophilic film each is a film of 
20 silicon dioxide. 
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The present invention relates to a sputtering method in which a pulse-like DC voltage is applied, a film
deposition method by sputtering, an apparatus for obtaining sputtering and a power processing portion for 
sputtering. 

A cathode for DC sputtering (hereinbelow, referred to as sputtering) .can not be used for forming a film 
5 of high quality at a high deposition rate unless a problem of abnormal discharge is overcome. 

Various causes are considered concerning the abnormal discharge occurring around the cathode 
(hereinbelow, referred to as arcing). As one of the causes, electric charges are accumulated on a small 
insulating substance, which is deposited or grown on the surface of a target material, and the electric 
charges cause arcing to a potentially opposite site, e.g. a substrate on which a film is to be formed, an 

10 anode electrode, the inner wall of a vacuum chamber or the surface of the target. 
The arcing occurs frequently in a case that an insulating film is produced from a conductive target 

material by reactive sputtering. When the arcing is generated, arcing energy concentrates locally to a 
portion of the target surface in a reactive gas atmosphere, this forming an insulation or insulations, whereby 
the arcing happens frequently in a series. Accordingly, a stable glow discharge effective to sputtering can 

1s not be maintained; a sputtering rate becomes unstable and the production of films of uniform quality is 
impossible. Occasionally. a substrate on which a film is formed is damaged by arcing, or a mechanical 
component constituting a cathode or a target material or a cathode is molten by arcing. 

In order to avoid the above-mentioned disadvantage, a method of using electric power of a high 
frequency suet· as 13 56 MH: has been used. 

20 Recently a k~hn••)l,.·: 01 preventing arcing by using a waveform proposed in .Japanese Unexamined 
Patent P.1t•lr;t·,...,.. ,._.,,~ UAf..14 1993 and 331634/1993 or using a device to obtain such waveform (the 
device is r1-.mrn.,,,- • .,,1i.·•'<1 ....,. SPARC-LE by Advanced Energy in U.S.A. Namely, the waveform having a 
frequency '' ........ ,;i i.H_· ...... ,-r is comparable to the effect obtained by a discharge in 13.56 MHz by 
applying a put~···"'"·· ,.,~''"'" eiectric potential of about 5 us-10 us is applied in a periodic cycle to a 

25 cathode so th.JI '.,s111·.rt:: .,~ ~:1ric charges accumulated on a small insulating substance. which is deposited 
or grown on ttw sut!ace or a t.uget material are neutralized by attracting electrons in plasma. 

Recently. another t.xr.nrcue of neutralization of a potential difference on the target surface has been 
developed as siXn 1n USP. 5,082,546. Namely, an alternating current having an intermediate frequency 
such as se..,e:r al :ens kH.: is applied to a pair of closely disposed cathodes to ignite glow discharges 

30 between the two cathoccs alternately. In this case, when the electric potential of the cathodes is negative, 
sputtering is conducted. and when the electric potential is positive, positive electric charges accumulated on 
a small insulating substance. which is deposited or grown on the surface of a target material are neutralized 
by attracting elactrons in plasma. 

The sputtering method using a radio frequency power source having 13.56 MHz is believed to suppress 
35 arcing because an insulation can be sputtered. However, it is difficult to form a sputtering apparatus using a 

radio frequency power source of 13.56 MHz because a power source having an output of 10 kW or more is 
large and expensive, and an impedance-matching circuit of high voltage and large current is needed. 

A sputtering method wherein DC power is used to apply a positive potential intermittently and the 
power is intermittently off is a useful technique because a potential difference on the target surface can be 

40 neutralized and the generation of arcing at the initial stage can be suppressed. Thus, the generation of 
arcing could be effectively suppressed in comparison with the ordinary DC sputtering method. However, 
this method has no ability of sputtering an insulating substance unlike the sputtering method using 13.56 
MHz, and accordingly, arcing occurs when a continuous discharge is conducted for a long time. When the 
arcing is generated. discharge energy concentrates locally on the target surface in a reactive gas 

45 atmosphere, which further forms an insulation or insulations and results in arcing frequently in a series. 
Namely, the neutralization of potential difference on the target surface by applying a positive voltage or 

0 voltage intermittently is eHective only to a small insulating substance accumulated with a small amount of 
electric charges if the application time of positive voltage or O voltage is short. Accordingly, it is impossible 
to obtain complete neutralization of an insulating substance accumulated with a large amount of electric 

5o charges by sputtering for a. long time or of an insulating substance having a large amount of electric 
charges produced by arcing, with use of a simple intermittent DC power. 

In the sputtering method of applying an alternating current to the two closely disposed cathodes, an 
alternating current of several tens kHz is used. Accordingly, it can be said that this method uses the same 
principle as the sputtering method with use of the before-mentioned intermittent DC power, i.e. a potential 

55 difference on the target surface is neutralized. Further, in this method, the same electrode is used as a 
cathode and an anode. Accordingly, .there is an advantage that when the electrode is used as a cathode, 
the surface of it is sputtered and cleaned, and when it is used as an anode, the surface is always cleaned 
whereby a continuous discharge can be stably carried out for a long time. However, this method requires 

3 
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the two closely disposed cathodes and an AC power source of several tens kHz. Accordingly, it is 

impossible to suppress arcing and stabilize a normal discharge in a simple manner with use of a currently 

used DC sputtering apparatus. 
As another cause of the occurrence of arcing, when a target material is eroded by sputtering, minute 

5 protrusions appear in the surface of the target material depending on the kind of material. An electric field 

concentrates to the protrusions whereby arcing occurs at a local portion. Accordingly, the composition of 

the target material is changed whereby a portion having a different sputtering yield may appear and uniform 

sputtering of target surface can not be obtained. 
In particular, when an ITO (indium-tin-oxide) film is to be produced by the sputtering method, and when 

10 an ITO target or an IT (indium-tin) target is used, indium oxide which is believed to be sub oxide, or a large 

number of minute black protrusions (hereinbelow, referred to as nodules), are produced on the target 

surface during continuous sputtering, and the deposition rate of the ITO film is gradually decreased. Further, 

the arcing frequently occurs, whereby small pieces of the target material scattering by the arcing deposit on 

the substrate to reduce the quality of the ITO film. 
15 As a common technique to remove the protrusions formed by the erosion of the target is to physically 

remove them by causing a discharge in an inert gas atmosphere such as Ar gas, i.e. sputter-etching. 

Further, when the ITO target is used, a method of removing the nodules by a discharge in a N2 gas 

atmosphere is proposed in Japanese Unexamined Patent Publication No. 293767/1992. 

However, the above-mentioned methods are only effective under the condition that a vacuum chamber 

20 is maintained vacuum after the nodules have been formed, and they can not suppress the occurrence of 

arcing and can not realize a method of a long time stably discharge. 
As another technique, there is a method of improving the surface condition of the target formed by the 

erosion of the target, by increasing the density of a target material of ITO in sintering. However, this method 

pushes up the cost of the target material and effect can not be expected. 
25 As another technique, there is a method of increasing the density of power at the sputtering to change 

the erosion of the target. When the density of power is simply increased. the frequency of occurrence of 

arcing increases and a discharge energy of arcing also increases. So, this method increases adverse 

effects of the arcing. 
It is an object of the present invention to provide a sputtering method, a film-deposition method by 

30 sputtering, an apparatus for obtaining sputtering and a power processing portion for sputtering whereby 

arcing is effectively controlled and a larger power can be supplied quickly to deposit a film of high quality 

with high deposition rate for a long time. 
In accordance with the present invention, there is provided a sputtering method, a film-forming method 

by sputtering and an apparatus for sputtering and a power processing part for sputtering wherein the 

35 negative voltage is intermittently applied so that a time during which the negative voltage is not applied 

includes a time during which the voltage is controlled to be zero volt in a range of from 10 I.LS to 10 ms, and 

the zero voltage time is equal to or longer than the time required by one arcing from its generation to 

extinction. 
It is possible in principle to realize the above-mentioned methods, apparatus and the power processing 

40 portion of the present invention with use of an ordinary DC power source if such a function that the arcing at 

the initial stage is detected to quickly stop the output and the output is again produced after the passing of 

the time of the extinction of arcing, is added to a DC power source. However, when a detection circuit of 

arcing is actually installed in the power source, it is necessary to detect through a power source cable an 

abnormal condition of current or voltage supplied from the positive pole to the negative pole by the power 

45 source. 
Such method of detection can only detect arcing between the cathode electrode as a target material 

and the anode electrode disposed near the target material. However, a slight arcing at the initial stage which 

starts on the surface of the cathode material can not be detected because the slight arcing is filtered by the 

impedance of the power source cable and the circuit constant of the power source circuit. Namely, only a 

50 relatively large arcing which is produced as a result of the slight arcing at the initial stage can be detected. 

Since the time of extinction of the relatively large arcing between the cathode and anode is in the order 

of ms, it is necessary to stop the output from the power source for more than several ms. Further, since the 

size of an insulation formed on the surface of the target material at the time of generation of arcing already 

becomes large, the arcing occurs frequently. Accordingly, an abnormal state of output is detected from the 

55 DC power source, the shut-off of several ms is repeated, and it is very difficult to continue the normal 

sputtering operation. 
For the above-mentioned reasons, the slight arcing can not be detected in a case that the ordinary DC 

power source is used for sputtering, and there will be a problem such that the shutting-off of more than 

4 
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several ms is repeated when a large arcing occurring subsequent to the slight arcing takes place. 
The inventors of this application have found through intensive observations of the waveform of arcing 

that the crest value (the maximum value of. the waveform of current) in initial arcing before a large arcing 
takes place in a series and the time of extinction of the initial arcing are substantially constant when the 

s same apparatus is used. 
Therefore, they have found that the progress of arcing in a series can be prevented by minimizing the 

energy of arcing. Specifically, the sputtering method comprises applying a negative voltage intermittently in 
a constant periodic cycle to a cathode disposed in a vacuum chamber, wherein the negative voltage is 
intermittently applied so that a time during which the negative voltage is not applied includes a time during 

10 which the voltage is controlled to be zero volt in a range of from 10 I.LS to 10 ms, and the zero voltage time 
is equal to or longer than the time required by one arcing from its generation to extinction. 

The slight arcing can be seen with a waveform observing device such as an oscilloscope or the like. 
Further, they have found through intensive observations of the waveform of arcing that a time from the 

application of a negative voltage to the generation of the initial arcing is substantially constant when the 
15 construction of the apparatus is the same. 

Therefore, they have found that by using a voltage waveform wherein the time during which the 
negative voltage is intermittently applied is within a range of from 10 1.1.s to 10 ms and is equal to or shorter 
than the period of time from the application of the negative voltage to the generation of arcing, the 
accumulation of electric charges on an insulation having a small surface area on the surface of a target can 

20 be minimized; the voltage is controlled to be zero volt before the arcing takes place, and the electric 
charges are neutralized by plasma near the target. whereby the frequency of occurrence of the initial arcing 
can be reduced. 

As described above, it is possible to continue sputtering operations for a long time by specifying the 
time during which the voltage is controlled to zero volt. and this effect can be increased by specifying the 

25 time during which the negative voltage is intermittently applied. 
In drawings: · 

Figure 1 is a diagram showing intermittent waveforms according to an embodiment of the present 
invention; 
Figure 2 is a diagram showing intermittent waveforms in a case of applying a positive potential according 

30 to an embodiment of the present invention; 
Figure 3 is a diagram showing a sputtering apparatus according to a first embodiment of the present 
invention; 
Figure 4 is a circuit diagram showing an embodiment of an intermittent power processing portion of the 
present invention; 

35 Figure 5 is a diagram showing the sputtering apparatus according to a second embodiment of the 
present invention; 
Figure 6 is a first graph showing the effect of the present invention; 
Figure 7 is a second graph showing the effect of the present invention; 
Figure 8 is a diagram showing the sputtering apparatus according to a third embodiment of the present 

40 invention; 
Figure 9 is a diagram showing an intermittent waveform of an embodiment of the present invention; 
Figure 1 O is a diagram showing an intermittent waveform according to an embodiment of the present 
invention; and 
Figure 11 is a diagram showing an intermittent waveform according to an embodiment of the present 

45 invention. 
Preferred embodiments of the present invention will be described with reference to the drawings. 
Figure 1 shows waveforms according to an embodiment of the present invention wherein the upper 

portion shows a waveform of voltage and the lower portion shows a waveform of current. Reference numeral 
1 indicates a time during which a negative voltage is intermittently applied (hereinbelow, referred to as an 

so ON time), numeral 2 designates a time during which the voltage is controlled to be zero voltage 
{hereinbelow, referred to as a zero volt time) and numeral 3 shows a waveform produced when arcing takes 
place. In Figure 1, when the zero volt time is longer than the ON time, power efficiency becomes poor. 
However, the waveform is simple because the power is simply turning-on and off. Accordingly, it is 
advantageous in construction when the power source portion has a sufficient capacity. 

55 On the other hand, the inventors of the present invention have found that the neutralization of charging 
to an insulation can be effectively done in a shorter time by using a voltage· waveform wherein there is a 
time during which a positive voltage is applied in a range of from 1 1.1.s to 20 1.1.s in part of the zero volt time. 
By combining this waveform with the above-mentioned specified ON time, a waveform having excellent 

5 
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power efficiency can be obtained. 
Further, they have found to suppress the occurrence of arcing for a long time and with excellent power 

efficiency by suitably determining the zero volt time, which is equal to or longer than the time of extinction 
of arcing, only just after the arcing. 

s Figure 2 shows the waveform obtained by the application of a positive voltage. In Figure 2, the upper 
portion shows the waveform of voltage and the lower portion shows the waveform of current. Reference 
numeral 21 indicates an ON time which is in a range of from 10 1.1.s to 10 ms and which is equal to or 
shorter than the time from the rise of voltage to the generation of an arc discharge in the initial arcing. 

Numeral 22 indicates a zero volt time, which is determined by a time 23 during which a positive 
10 potential is applied and a time 26 for a zero volt after the time 23. 

The zero volt time just before the time 23 during which a positive potential is applied is preferably short. 
However, a constant time of 1 1.1.s to 2 1.1.s is actually set to protect the switching element. 

It is not necessary that the time 23 during which a positive potential is applied is a long time, but it may 
be a time which is sufficient to apply the voltage to a large-sized target, and a time of about 5 1.1.s to 20 i.i.s 

15 is preferable. The value of a positive potential can be a potential sufficient to apply the voltage to an actual 
target, and may be 200 V or lower. 

It is desirable tnat the zero volt time 22 can be adjusted depending on a situation of process by 
adjusting th2 time 26 after the application of a positive potential. 

Namely. a d.: sir ab!<:> resdt can be obtained by adjusting the zero volt time 26 so as to form the zero 
20 volt time ?? c-oual to os lonJC'f than the time of extinction of a slight arcing even when a slight arcing 

smaller than a .,., .• ,..-nr•· vai. ... "" netection set in a detection circuit takes place. 
Numeral ~ "" ,,,- ,-if•·c; th•-· w.-.ivdorm of arcing. The zero volt time 24 just after the occurrence of arcing 

is equal to or I• ""-1' ., rr...-.n fht · tirr. · br extinction of the arcing. 
It is prefc1at>1t_ tr1.:i: th·.· Gt.-,:> .. e-mentioned conditions can be changed because the optimum values are 

25 different depcnll•r"J on ·n.~ ma1e11al for sputtering and the construction of the cathode electrode. 
The function of t"f(; p.esc-it invention is as follows. 
In the present 1nvcnt1:::m. by repeating ON/OFF, a potential difference on the target surface can be 

eliminated to p1c·wnt the occurrence of arcing. Accordingly, a stable discharge can be maintained in 
comparison with a conventional DC sputtering. 

30 If arcing takes place. :he arcing can be completely distinguished by giving a sufficiently long zero volt 
time before the voltage 1s ON, whereby the magnitude of the arcing can be maintained small. Further, the 
initial arcing appears sometime after the rise of voltage. Accordingly, a waveform wherein a time during 
which the voltage is controlled to be ON is in a range of from 10 us to 10 ms and equal to or shorter than a 
time of from the rise of voltage to the generation of the initial arcing is used, a potential on the surface of a 

35 target is neutralized. whereby the frequency of occurrence of arcing and the magnitude of the arcing can be 
reduced. 

By the above-mentioned function, the frequency of occurrence of the initial arcing and the magnitude of 
the arcing can be kept small, and a stable sputtering can be continued for a long time even with a large 
power. 

40 When the waveform shown in the upper portion of Figure 2 wherein a positive potential is added for a 
short time in the zero volt time is used, a potential difference on the target surface can be effectively 
eliminated to thereby prevent the occurrence of arcing. Accordingly, a stable discharge can be maintained 
for a long time in comparison with use of the ordinary DC sputtering. 

Further. by determining the zero volt time 24 to be longer than the time of extinction of arcing just after 
45 the arcing 25 has been detected. the frequency of occurrence and the magnitude of the arcing at the initial 

stage can be kept small, and a stable sputtering can be continued for a long time even with a large power. 
Even when a slight arcing whose value is smaller than a reference value of detection set in the 

detection circuit takes place, a further stable sputtering can be continued by adjusting the zero volt time 26 
so that the zero volt time 22 is longer than the time of extinction of the slight arcing. 

so Figure 3 shows an embodiment of the power source device for realizing the above-mentioned sputtering 
method. 

The power source device of the present invention preferably has a sputtering power generating portion 
and a power processing portion which should be separately disposed. In Figure 3, numeral 31 designates a 
sputtering power generating portion, numeral 32 designates a power processing portion, numeral 33 

55 designates a vacuum chamber, numeral 34 designates a cathode electrode, numeral 35 designate anode 
electrodes and numeral 36 designates a substrate. 

In this embodiment, the power processing portion 32 can be disposed closer to the cathode electrode 
34 than the sputtering power generating portion 31, whereby the length of a power source cable between 
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the output terminal of the power processing portion 32 and the cathode electrode 34 can be the shortest to 

thereby minimize the inductance of the power source cable. Accordingly, the waveform of an intermittent 

DC voltage can be applied to the cathode electrode 34 without any distortion. 

Figure 4 shows the construction of the power processing portion 32 of the present invention. 

s The power processing portion 32 comprises a first switching circuit 41 as main circuit, a second 

switching circuit 42 for applying a positive potential, a control circuit (not shown) for a switching element for 

controlling the first and second Circuits and a power measuring circuit (not shown) for measuring current, 

voltage, and power for sputtering. 
The first switching circuit 41 is connected in series between the negative pole of the sputtering voltage 

10 generating portion 31 and the cathode electrode 34. The first switching circuit 41 is composed of a 

semiconductor switching device and a coil for protecting the same and is operable to change a sputtering 

power to an intermittent power. It has a switching speed of 10 us (100 kHz) for ON/OFF. The second 

switching circuit 42 is composed of a semiconductor switching device and a coil for protecting the same, 

and is so operable that power of DC power source 43 which supplies an optional value of positive potential 

1s to the cathode electrode 34 is applied to the cathode electrode 34, beside of the sputtering power 

·generating portions 31. 
The second switching circuit 42 is operated only when the first switching circuit 41 as the main circuit is 

an OFF state. A time of applying a positive potential in an ON state can be about 20 us in maximum. 

It is preferable that the power source 43 for applying a positive potential is of about 200 V in maximum, 

:>o but it can be determined optionally. 
Ry ac11usting a turning on time of the semiconductor switching device of the second switching circuit 42 

ro oo ahout 20 us or less immediately after the semiconductor switching circuit of the first switching circuit 

41 has o.~en turning off. a positive potential of about 200 V or less can be applied to the cathode electrode 

34. w'lCreby the occurrence of arcing can be suppressed and the waveform having excellent power 

.:-" clk1cnc; as shown in Figure 2 can be produced. 
The cortrol circuit for the semiconductor switching device is capable of controlling the turning-on time 

io t:>e !:> i.:.s or more for the first switching circuit and the turning-off time to be 5 u.s or more for the same, 

an\.i cac:.at)le of turning-on the second switching circuit for less than the time of turning-off the first switching 

(iruHt an,1 .,.,thin a range of from 1 u.s to 20 us when the first switching circuit is turned off. 

:>< It •s poss1tlc that the first switching circuit is in a normally ON state while omitting the zero volt time. 

Tr..· a1.11ustrren: allows to use the conventional DC sputtering. 

The circuit for measuring current, voltage or power for sputtering has a function to measure a current 

·1alue a voltage value and a power value effective to the sputtering and a function to compare the measured 

1alocs with pr(:dctermined reference values to detect arcing. In this case, it is especially effective to judge 

:i·. whether the current value or both the current value and the voltage value are higher or lower. 

Th(: contra circuit for the semiconductor switching device has a function to control the zero volt time 24 

imnt::d•at.::ly after the occurrence of arcing. The zero volt time can be optionally set to be in a range of from 

100 us 1.:.. 10 ms. 
f urtrlCr. when the arcing is detected upon the judgement as to whether or not the sputtering current 

"'' ·1aluc or vo·tage value (or the impedance at the arcing) is higher or lower, the semiconductor switching 

•k••cc of the_ sw1t::hing circuit 41 operates so that the zero volt time is longer than the time of extinction of 

arc.ng: only immediately after the arcing, whereby the magnitude of arcing can be minimized and a stable 

spcttc·ing can De continued for a long time. 
F urthcr. a smoothing circuit 44 is preferably disposed at the side of the input terminal of the power . 

.,~ processing portion. whereby the waveforms of voltage and current at the output terminal of the power 

generating portion 31 can be substantially in a direct current form. 

I he power generating portion generally has a function to feed-back the voltage, current or power at the 

output terminal so that it can be kept constant. The function may cause hunting on controlling. 

However. since the hunting can be prevented by the smoothing circuit 44, the ordinary DC power 

50 source can be used. Accordingly, the ordinary sputtering DC power source may be used for the sputtering 

power generating portion 31. In this case, the present invention can be practiced with a conventional 

sputtering apparatus with the power processing portion 32. 

In the sputtering method of the present invention, it is preferable to measure and display the average 

value of power per period (hereinafter referred to as the effective value, see formula 1 given hereinafter). By 

55 displaying the errective value, the film-deposition rate can be controlled in the same manner as use of the 

power for the conventional DC sputtering even when any type of waveform is used for sputtering. 

Further, it is preferable that the effective value is fed-back to the sputtering power generating portion 31 

for a constant voltage· control, a constant current control or a constant power control. 
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When a sputtering apparatus having a plurality of cathode electrodes disposed in a vacuum chamber is 
used and an intermittent power waveform is supplied to each of the cathode electrode, interference such as 
a beat may appear. Accordingly, the power processing portion should have a function to shift the phase of 
waveform. 

s Figure 8 shows an embodiment of the sputtering apparatus of the present invention. In this embodi-
ment, two cathode electrodes 82a, 82b and anode electrodes 83a, 83b are disposed in a vacuum chamber 
so that sputtering is conducted simultaneously to a substrate 85. Power generating means 81 a and 81 b 
supply power intermittently wherein the phases of voltage waveform are shifted to each other, whereby 
interference of plasma such as a beat or the like can be eliminated and a stable plasma 84 is produced. 

10 Further, the waveforms shown in Figure 1 or Figure 2 can be produced by combining the apparatus 
with the power source as shown in Figure 3. Thus, the optimum waveform can be supplied by satisfying the 
conditions of process. 

In the sputtering apparatus of the present invention, the frequency of occurrence of arcing can be 
reduced even when a reactive sputtering is conducted. Further, a larger power can be supplied to the 

15 cathode stably, and the optimum intermittent power can be expected and supplied to meet various 
sputtering processes. Accordingly, the sputtering apparatus of the present invention has high ability of film
deposition. 

A thin film composed mainly of silicon oxide formed by the sputtering method of the present invention 
is of higher quality than a thin film obtained by a DC sputtering. 

20 The thin film composed mainly of silicon oxide formed by the sputtering method and the sputtering 
apparatus of the present invention is of high quality since no arcing takes place during the sputtering so that 
attachment of particles is little. Further, it is believed that since there is no fluctuation in the sputtering 
condition due to arcing, a uniform film with little microscopic defects can be obtained. Further, it is believed 
that excellent film quality with little defects can be obtained, since sputtering is carried out intermittently 

25 with an interval of every period. whereby a very thin film is intermittently formed on the substrate with an 
interval of every period, and film-deposition is carried out while an oxidation reaction on the substrate is 
completed during every period. 

Thus, it is possible to obtain an excellent thin film composed mainly of silicon oxide which has little 
defects macroscopically or microscopically, whereby a high alkali barrier property can be obtained even 

30 when the film is formed on a low temperature substrate. 
A thin film composed mainly of silicon nitride formed by the sputtering method or the sputtering 

apparatus of the present invention is of higher quality than a thin film obtained by the DC sputtering. 
The thin film composed mainly of silicon nitride formed by the sputtering method of the present 

invention is of high quality since it is unnecessary to heat the substrate, no arcing takes place during the 
35 sputtering so that attachment of particles is little. Further, it is believed that since there is no fluctuation in 

the sputtering condition due to arcing, a uniform film with little microscopic defects can be obtained. 
Further, it is believed that excellent film quality with little defects can be obtained, since sputtering is carried 
out intermittently with an interval of every period, whereby a very thin film is intermittently formed on the 
substrate with an interval of every period, and film-deposition is carried out while a nitriding reaction on the 

40 substrate is completed during every period. 
Thus, it is possible to obtain an excellent thin film composed mainly of silicon nitride which has little 

defects macroscopically or microscopically, whereby a high alkali barrier property can be obtained even 
when the film is formed on a low temperature substrate. 

If the concentration of nitrogen in sputtering gas is adjusted and/or power to be supplied to a silicon 
45 target is adjusted so that the composition ratio of silicon nitride (atomic molar ratio of N/Si) will be within a 

range of from 1.25 to 1.36, it is possible to produce silicon nitride having an excellent alkali barrier property. 
In the film-deposition method of a transparent conductive film by the sputtering method of the present 

invention, a negative voltage is intermittently applied and power of a large power density is instantaneously 
supplied, and at the same time, problems of nodules of sub oxide on the target material which reduce the 

5o sputtering rate and an arcing in sputtering can be eliminated. Thus, the film-deposition method of the 
present invention is excellent in productivity. 

As sputtering targets. there are a sputtering target composed mainly of tin or tin oxide containing metal 
antimony or an antimony compound, a sputtering target composed mainly of indium or indium oxide 
containing tin and a sputtering target composed mainly of zinc or zinc oxide containing a simple substance 

55 or a compound of at least one metal selected from the group consisting of aluminum, gallium, indium, boron 
and silicon. 

Sputtering power used for the method and apparatus of the present invention is preferably have a 
voltage waveform to be applied to a target, as shown in Figure 1 wherein an application time of negative 
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voltage is in a range of from 1 O u.s to 1 O ms and a non-application time is in a range of from 1 O u.s to 100 

ms, or a voltage waveform to be applied to a target as shown in Figure 2 wherein an application time of 
negative voltage is in a range of from 10 us to 10 ms and an application time of negative voltage and a 

non-application time is in a range of from 1 O us to 100 ms. 
s Further, setting of the value of negative voltage (-VN in Figure 9) is important for suppressing formation 

of nodules, which is an object of the present invention. As expressed in formula 5, arcing and formation of 

nodules of sub oxide on the target surface can be effectively suppressed by adjusting the negative 
application voltage (-VN) so that the average value WA of the intermittently supplied power is from 2 to 10 

times the average value W of the power per period (hereinafter referred to as the effective value W). 
10 The effective value W of the power is as represented by the formula 1 where T is the period. If this is 

applied to the case of the waveform as shown in Figure 2, W is as shown by the formula 2. 
On the other hand, the average power WA within the time when sputtering actually takes place (when 

the negative voltage is applied) (a1 in Figure 9) are as shown by the formula 3. Further, in Figure 2, the 
average voltage is VA = (-VN), and if this is inserted, Wais as shown by the formula 4. 

15 To effectively remove nodules, it is preferred that the average value WA of power is from 2 to 10 times 

the effective value W of the power, as shown by the formula 5. If this is applied to the case of the waveform 
as shown in Figure 2, the formula 6 is obtained. Therefore, (-VN). a, (10 us:> a, :::; 10 ms), and b, (10 u.s :i 

b, :> 100 ms) should be adjusted to satisfy the formula 6. 
Good results can be obtained especially when the average value of intermittent electric power density 

20 "'A (see formula 7) is within a range of from 2.5 W/cm2 to 30 W/cm2• 

In this case, the waveform may not be necessarily be a precise rectangular waveform as shown in 
Figure 9, and (-V0 ), a, and b, may be optimized depending upon the size and condition of the target and 
the particular apparatus. 

In a case where positive voltage is applied as shown in Figure 10 or 11 , application of such positive 
25 voltage does not serve effectively for sputtering, and accordingly, in the calculation of the formulas 1 to 7, 

Vp is to be taken as 0. · 
. The film-deposition rate of the transparent conductive film can easily be controlled by the effective 

value W of the intermittently supplied sputtering power. For example, in a case where by the method of the 

present invention, it is intended to obtain the desired film-deposition rate obtained by the conventional DC 
30 sputtering method, the desired film-deposition rate can be obtained by adjusting the effective value W of 

the intermittently supplied power to the same level as the DC electric power value. 
Namely, an equation of "the film-deposition rate by the conventional DC sputtering method/the DC 

power = . the film-deposition rate according to the present invention/the effective value W of power" 
substantially holds good. 

35 Thus, the film-deposition rate can be adjusted by adjusting the zero volt time so that the effective power 

40 

45 

50 

55 

value W corresponds to the power of the conventional DC sputtering, and the quality of a film deposited on 
the substrate can be kept and a stable sputtering is obtained for a long time. 
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Formula 1 
l T 

W=--

} 0 

v ( t) I ( t ) dt 
T 

Formula 2 ( - v ~ ) a I 

W= 
~ 0 

I ( t ) "d t 
a1 + b I 

Formula 3 l a I 

\V;.. -
} 0 

v ( t ) I ( t ) dt 
ai 

Formula 4 - v I' a I 

w,,. -
) 0 

I ( t ) d t 
2.1 

Formula 5 2W ~WA~ 10W 

Formula 6 w ... 
2 ~ 2 10 

w a, 
Formula 7 

W.:. 
lu "' = S Target surface area 

s 

Now. the present invention will be described in detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted by such specific Examples. 

EXAMPLE 1 

Figure 5 shows an example of the sputtering apparatus of the present invention. 
In Figure 5, reference numeral 51 designates a DC power source for generating intermittently a 

negative DC voltage, numeral 52 designates a cathode electrode with a target material, numeral 53 
designates an anode electrode, numeral 54 designates a substrate to be subjected to a film-deposition 

so treatment, numeral 55 designates an area of glow discharge effective to sputtering, numeral 56 designates a 
slight arcing produced on the surface of the target and numeral 57 designates arcing produced between the 
cathode electrode and the anode electrode. 

In the present invention, output from the DC power source generating an intermittent DC voltage may 
not be of a rectangular wave, but may be of a trapezoidal, a triangular or a sign waveform to obtain the 

ss same effect. Further, in construction of the power source circuit, the waveform can be produced by 
oscillation in the power source itself or the output of the DC power source may be processed by a 
semiconductor switching element to form an intermittent waveform. In either case, the effect of the present 
invention is the same. 
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In the apparatus having the construction shown in Figure 5, using a planar magnetron cathode having 

an area of 1 O x 80 cm, a target material .of boron-doped silicon, and a gas mixture of argon and oxygen 

having a ratio of 1:1, as introducing gas, a film ofSi02 doped with boron was deposited by sputtering on a 

substrate under a discharging pressure of 3.0 x 10-3 Torr and an effective power value of 2 kW. When a 

s DC discharge was conducted, arcing suddenly and frequently took place after about 2 minutes and 30 

seconds and the sputtering could not be continued. 

Sputtering was conducted in the same manner as above except that an intermittent direct current was 

used wherein in the waveform shown in the upper portion of Figure 1 , an ON time during which a negative 

voltage is applied was 100 IJ.S and a zero volt time was 40 IJ.S. As a result, arcing gradually increased and 

10 the frequency of occurrence of the arcing after about 30 minutes was about 60 times/min. 

In observing the current waveform during arcing and measuring a time of extinction of the initial arcing, 

there was detected 160 to 180 IJ.S. 

Sputtering was conducted in the same manner as above except that an intermittent direct current was 

used wherein the ON time was 100 us and the zero volt time was 200 us. As a result. the frequency of 

15 occurrence of arcing after about 60 min was about 60 timesimin. In this case, the initial arcing frequently 

took place after 90 us to 100 u.s of the rise of voltage. 

Sputtering was conducted in the same manner as above except that an intermittent direct current was 

used wherein the ON time was 80 u.s and the zero volt time was 200 u.s. There was found that the 

frequency of occurrence of arcing after about 60 min was about 30 times/min. The frequency of occurrence 

20 of arcing in the above-mentioned four tests is shown in Figure 6. In the measurement of arcing, a current 

value 10% or more than the maximum value of ordinary current waveform was used as a detection level in 

the oscilloscope and the number of occurrence detected was recorded. 

25 

EXAMPLE 2 

A cathode having an area of 40 x 300 cm, aluminum-doped silicon as a target material and a gas 

mixture of argon and oxygen having a ratio of 2:10 as introducing gas were used in the apparatus shown in 

Figure 5. Sputtering was conducted under a discharge pressure of 2.0 x 10-3 Torr and at an effective 

power value of 13 kW to deposit a film of Si~ doped with aluminum on a substrate. 

30 When a direct current was used for discharge, arcing suddenly took place after about 35 min and the 

sputtering could not be continued. In observing the waveform during the discharge, a time of extinction of 

the initial arcing was about 400 us. 
Sputtering was conducted in the same manner as above except that the waveform shown in the upper 

portion of Figure 1 was used wherein the zero volt time was 500 us and the ON time was 500 IJ.S. A time 

35 required for the occurrence of the initial arcing was about 220 u.s after the rise of voltage. 

Sputtering was conducted in the same manner as above except that the ON time was 220 us and the 

zero volt time was 500 us. The frequency of occurrence of arcing was 20 times/min or lower even after the 

lapse of 4 hrs. 
The frequency of occurrence of arcing in the case of using a direct current and the case of using the 

40 intermittent waveform wherein the ON time is 220 u.s and the zero volt time is 500 us is shown in Figure 8. 

The condition of detecting arcing is the same as that of Example 1. 

EXAMPLE 3 

45 In a vacuum chamber, N-type silicon (phosphorus doped single crystal) having a specific resistance of 

1.2 n •cm was placed as a target on a cathode, and on the opposite side of the target. a soda lime glass 

sheet was disposed as a substrate. The vacuum chamber was evacuated to 1 x 1 o-s Torr. Then, a gas 

mixture of argon and oxygen was introduced as sputtering gas, and conductance was adjusted so that the 

pressure is 2 x 10-3 Torr. 
50 Then, the voltage as shown in the upper portion of Figure 2 was applied to the cathode. Here, the ON 

time 21 was 50 u.s which is the same as the time of starting the initial arcing and the zero volt time 22 was 

50 us which is the same as the time of extinction of the initial arcing in which the time 23 for applying a 

positive potential was about 12 us. Here, the negative voltage was adjusted so that the application power in 

the application of this voltage was 500 W. The positive voltage was kept to be 100 V. 

55 The substrate temperature was maintained to be at room temperature, and an electric discharge was 

started at an oxygen concentration in the sputtering gas of 60%. After the pre-discharge of 5 min, the 

shutter was opened, and the film-deposition time was adjusted so that the thickness of film was 250 A. 
whereby a thin film composed mainly of silicon oxide was deposited on a soda lime glass substrate. 

11 
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When 120 min passed after the initiation of discharge, a film was deposited on another soda lime glass 
substrate. However, little arcing was observed. 

COMPARATIVE EXAMPLE 1 

Sputtering was conducted to deposit a film in the same manner as Example 3 except that an 
intermittent DC voltage having the waveform as shown in the upper portion of Figure 1 was applied to the 
cathode wherein the ON time was 50 u.s and the zero volt time was 25 us. 

Although little arcing was observed just after the initiation of film-deposition, occurrence of arcing was 
10 observed with the lapse of time, and continuous discharge of red-hot particles was observed on the target 

surface at the completion of film-deposition. 
When 120 min passed after the initiation of discharge, a film was deposited on another soda lime glass 

substrate. Arcing took place very frequently. 

15 COMPARATIVE EXAMPLE 2 

Sputtering was conducted in the same manner as Example 3 except that a radio frequency voltage of 
13.56 MHz was applied to the cathode. 

After 120 min from the initiation of discharge, a film was deposited on another soda lime glass 
20 substrate. In this case, there was no arcing. 

The coated side of each of the coated glass obtained in Example 3 and Comparative Examples 1 and 2 
was contacted with pure water at 90 • C for 24 hours. whereupon the amount of out diffused sodium atoms 
(ug/cm2) in this pure water was measured by atomic absorptiometry. Results are shown in Table 1. 

25 Table 1 

30 

35 

40 

45 

50 

55 

Film-deposition after 5 min Film-deposition after 120 min 
from initiation of discharge from initiation of discharge 

Example 3 0.02 0.02 
Comparative Example 1 1.3 5.6 
Comparative Example 2 0.32 0.31 

As is clear from the above Example and Comparative Examples, according to the present invention, it is 
possible to form a thin film of silicon oxide having a high alkali barrier property without heating the substrate 
for a long period of time and in a stable manner. Further, since the film-deposition is conducted by the DC 
sputtering, deposition of a film with a large area or a film-deposition at a high speed can be facilitated, 
whereby application to e.g. a transparent conductive substrate for liquid crystal can be made possible on an 
industrial production scale. 

EXAMPLE 4 

N-type silicon having a specific resistance of 1.2 fl•cm and a surface area of 160 mm x 40 mm was 
used as a target. and the voltage as shown in the upper portion of Figure 2 was applied to the targets. Here, 
the negative voltage was adjusted so that the application power in the application of this voltage was 200 W. 
The positive voltage was kept to be 100 V. Other conditions was the same as those of Example 3. 

Discharge was started at an oxygen concentration in sputtering gas of 40%. After 5 min, the shutter was 
opened to deposit a film of silicon nitride having a thickness of 200 A on a flat soda lime silicate glass at 
room temperature. 

Then. when 120 min passed after the initiation of discharge, the shutter was again opened to deposit a 
silicon nitride film of 200 A on another soda lime glass substrate. During the film-deposition operations, no 
arcing was observed. 

COMPARATIVE EXAMPLE 3 

Sputtering was conducted in the same manner as in Example 4 except for application of a DC power of 
200 W. In film-deposition after 5 min from the initiation of discharge, no arcing was observed. 

12 

BNSDCCIO: <EP ___ 0639655A1_1_> 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 901 of 1543



EP 0 639 655 A1 

After 120 min from the initiation of discharge, film-deposition was conducted on another soda lime glass 
substrate. In this case, arcing frequently took place, and discharge of red-hot particles from the target 
surface was observed. 

5 COMPARATIVE EXAMPLE 4 

Sputtering was conducted in the same manner as in Example 4 except N-type silicon having a specific 
resistance of 1.5 n •cm and a diameter of 6 inches was used as a target, the nitrogen concentration in 
sputtering gas was adjusted to 100%, and a radio frequency voltage of 13.56 MHz was applied so that a 

10 power of 300 W was supplied. 

15 

When 120 min passed after the initiation of discharge, a film was deposited on another soda lime glass 
substrate. No arcing was observed. 

COMPARATIVE EXAMPLE 5 

Films of silicon nitride each having a film thickness of 200 ·A were deposited on flat soda lime silicate 
glass substrates at a temperature of about 600 • C by CVO method in each case that the ratio of ammonia 
gas/silane gas in material gas was 3, 5, 10 or 15. 

The coated side of each of the coated glass obtained by Example 4. and Comparative Examples 3 to 5 
20 was contacted with pure water at 90 • C for 24 hours. whereupon the amount of sodium atom out diffused 

into the pure water from soda lime glass through silicon nitride film· was measured by atomic absorp
tiometry. The results of Example 4 and Comparative Examples 3 and 4 are shown in Table 2 and the 
results of Comparative Example 5 are shown in Table 3. 

25 
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Table 3 

Ratio of ammonia/silane 3 5 10 15 

Composition (Nisi) 1.27 1.36 1.49 1.56 
Amount of out diffused Na (u.g/cm2) 0.047 0.038 0.056 0.062 

In comparing Examples with Comparative Examples described above, silicon nitride· film deposited by 
the present invention shows that the amount of out diffused sodium atoms through this film is low, and there 
is clear superiority in the present invention. · 

Further. it is understood that the silicon nitride film having a high alkali barrier property can be 
deposited stably for a long period of time. 

Further. it becomes possible to deposit a silicon nitride film having a high alkali barrier property without 
heating the substrate. and coating of alkali barrier on a substrate having a low heat resistance is possible. 

EXAMPLE 5 

By using an ordinary ma·Jnetron sputtering device as shown in Figure 5, the voltage as shown in the 
upper po!'tion of F19urc 1 wtlt:·rcin the ON time was 100 u.s and the zero volt time was 400 u.s, was applied 
to an ind1urr OI1(1e t.:.r9•·t ~:>containing 10 wt% of tin. As a substrate 54 on which a film is to be deposited, 
non-alkali gtas~ 1AN q:J~:; t•v Asahi Glass Company Ltd.) previously heated to 200 • C was used. 

A film-depo~•t on charnt.._: was evacuated to 1 x 1 o-s Torr or lower. Then, argon gas containing 1 vol% 
of oxygen g.l~ "'a~ 1rtrul<JCL":1 sc that gas pressure was 3 x 10-3 Torr. Sputtering power was adjusted to be 
1.1 kW in lC.'fmS o· ett.:....::tove value. 

EXAMPLE 6 

Sputteriny wd:> tvnJu<.:tcd in the same manner as in Example 5 except that the voltage as shown in 
Figure 2 whcru111 ll1t.: ON tune 21 was 100 1..1.s, the application time of positive voltage 23 having an. 
amplitude or cswut l0°c lu the power value in the application of a negative voltage was 10 u.s and the zero 
volt time 26 was 390 us. 

COMPARATIVE EXAMPLE 6 

Sputtering was conducted in the same manner as in Example 5 except that the conventional magnetron 
sputtering apparatus and the conventional DC sputtering power source were used. 

Occurrence or nodules after continuous sputtering of 23 hours, the frequency of occurrence of arcing 
and the characteristic of ITO films were examined on Examples 5 and 6 and Comparative Example 6. 

15 
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In Comparative Examples, the decrease of the sputtering rate was remarkable by about 40%. The 
specific resistance is reduced from 1.9 x 10-4 n •cm (at the initial stage of sputtering) to 4 x 10-4 n •cm 
due to the reduction of sputtering rate. Nodules were very rigid and it was necessary to conduct mechanical 
grinding for cleaning. 

5 The film-deposition method for a transparent conductive film and the film.;deposition apparatus of the 
present invention exhibit excellent effect in. depositing a transparent conductive film without stopping film
deposition steps, which reduce productivity, and to suppress occurrence of nodules of sub oxide on the 
target surface which causes reduction in sputtering rate. Further, it provides excellent effect to suppress 
arcing which causes defects in the transparent conductive film. Since arcing can be suppressed, a large 

10 electric power can be used and a high film-deposition rate is obtainable in comparison with the conventional 
DC sputtering method. 

Further, use of the power processing portion of the present invention suppresses arcing without adding 
an arcing preventing circuit which is used for a conventional DC sputtering power source. Further, by 
controlling the effective value of intermittently supplied power, conditions for film-deposition can be 

15 controlled in the same manner as the conventional DC sputtering method, and a transparent conductive film 
having the same property as the conventional film can be obtained. 

In accordance with the present invention, since a potential difference on the target surface is eliminated 
and occurrence of arcing is prevented, a stable discharge can be maintained in comparison with a 
conventional DC sputtering. · 

20 The frequency of occurrence and the scale of initial arcing can be small, a stable sputtering can be 
continued for a long period of time even when a large power is used. Further, excellent efficiency of electric 
power is obtainable. 

The sputtering apparatus of the present invention ·can reduce the frequency of occurrence of arcing 
even in a case of reactive sputtering. and a large electric power can be supplied stably to the cathode. 

25 Accordingly, it has high film-deposition ability. 
The power processing portion of the present invention is of a simple structure and is applicable to a 

conventional sputtering apparatus so that sputtering by a pulse-like intermittent DC power can be realized. 
By using the power processing portion of the present invention, an intermittent voltage waveform can be 

easily optimized depending on the size of apparatus, material, electric power used and the scale of initial 
3o arcing. 

In the film-deposition method of a thin film composed mainly of silicon oxide according to the present 
invention, since arcing is not generated during film-deposition, a film having high quality and little 
attachment of particles can be obtained. 

Further, in the film-deposition method of a thin film composed mainly of silicon nitride according to the 
35 present invention, since arcing is not generated during film-deposition, a thin film of high quality and little 

attachment of particles can be obtained. -
The film-deposition method for an ITO film of the present invention can provide stable operations for a 

long period of time because arcing can be prevented and occurrence of nodules of sub oxide formed on the 
target surface can be suppressed while the quality of a film and the film-deposition rate are the same as 

40 those obtained by the conventional DC sputtering method. 

Claims 

1. A sputtering method which comprises applying a negative voltage intermittently in a constant periodic . 
45 cycle to a cathode disposed in a vacuum chamber, wherein the negative voltage is intermittently 

applied so that a time during which the negative voltage is not applied includes a time during which the 
voltage is controlled to be zero volt in a range of from 10 l.LS to 10 ms, and the zero voltage time is 
equal to or longer than the time required by one arcing from its generation to extinction. 

50 2. The sputtering method according to· Claim 1, wherein the time during which the negative voltage is 
applied is within a range of from 10 l.LS to 10 ms and is equal to or shorter than the period of time from 
the application of the negative voltage to the generation of arcing. 

3. The sputtering method according to Claim 1. wherein the time during which the voltage is controlled to 
55 be zero voltage includes a period of time during which a positive voltage is applied within a range of 

from 1 J.Ls to 20 J.Ls. 

17 
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4. The sputtering method according to any one of Claims 1 to 3, wherein the time during which the 
voltage is controlled to be zero volt is immediately after arcing. 

5. A sputtering apparatus comprising a cathode disposed in a vacuum chamber, a sputtering power 
5 generating portion and a power processing portion, the cathode being applied with a intermittent 

negative voltage, wherein the wherein the negative voltage is intermittently applied so that a time during 
which the negative voltage is not applied includes a time during which the voltage is controlled to be 
zero volt in a range of from 10 us to 10 ms, and the zero voltage time is equal to or longer than the 
time required by one arcing from its generation to extinction. 

10 

6. The sputtering apparatus according to Claim 5, wherein the power processing portion is disposed 
closer to the cathode than the sputtering power generating portion. 

7. The sputtering apparatus according to Claim 5, wherein a plurality of cathodes, sputtering power 
15 generating portions and power processing portions are provided, and the plurality of power processing 

portions arc synchronously operated to produce waveforms having a different phase. 

8. A power processing port·on for a sputtering apparatus having a cathode to which a negative voltage is 
intermittently ap;::.h(-d. wh0rein: 

20 the power ptrxe-:s•n<J portion comprises a first switching circuit, a second switching circuits, a 
control nrr1u1 '"' ;i c;,,. t•h•n<J element and a circuit for measuring current, voltage or power for 
sputtennlJ 

the l1r~1 '"'n.1 ttlf· ~ .• ..-001 switching circuits are respectively formed of a semiconductor switching 
device and a p<oted.on circuit for protecting the device; 

25 the first sw1·cn n•J CHCu•t is connected in series between the negative pole of the sputtering power 
generating pottron anc the cathode electrode; 

the socon<1 switching circuit is connected in series between the cathode electrode and a DC power 
source, other tr.an the ~pu:tering power generating portion, for supplying a positive potential to the 
cathode electrode. 

30 the control cncu1t tor the semiconductor switching device is capable of controlling a turning-on time 
of 5 I.LS or more tor the first switching circuit and a turning-off time of 5 us or more for the same, and 
capable of turning-on the second switching circuit for less than the time of turning-off the first switching 
circuit and within a range of from 1 us to 20 I.LS when the first switching circuit is turned off; and 

the circuit tor measuring current, voltage or power for sputtering has a function to measure a 
35 current value. a voltage value or a power value effective to sputtering and a function to compare the 

measured values with predetermined reference values to detect arcing. 

9. The power processing portion according to claim 8, which further comprises a smoothing circuit to 
change the waveform ot voltage at an output terminal of the sputtering power generating portion to be a 

40 DC voltage waveform. 

10. A film-deposition method by sputtering a thin film composed mainly of silicon oxide by applying a 
negative voltage intermittently in a constant periodic cycle to a cathode composed mainly of silicon in a 
vacuum chamber and using oxygen and/or inert gas as sputtering gas, wherein the negative voltage is 

45 intermittently applied so that a time during which the negative voltage is not applied includes a time 
during which the voltage is controlled to be zero volt in a range of from 10 us to 10 ms, and the zero 
voltage time is equal to or longer than the time required by one arcing from its generation to extinction. 

11. A film-deposition method by sputtering a thin film composed mainly of silicon nitride by applying a 
so negative voltage intermittently in a constant periodic cycle to a cathode composed mainly of silicon in a 

vacuum chamber and using nitrogen and/or inert gas as sputtering gas, wherein the negative voltage is 
intermittently applied so that a time during which the negative voltage is not applied includes a time 
during which the voltage is controlled to be zero volt in a range of from 10 us to 10 ms, and the zero 
voltage time is equal to or longer than the time required by one arcing from its generation to extinction. 

55 

12. The film-deposition method according to Claim 11, wherein the composition ratio of the silicon nitride 
(atomic molar ratio of N/Si) is 1 .25 to 1 .36. 

18 
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13. The film-deposition method by sputtering a transparent conductive thin film composed mainly of oxide. 
by using a sputtering target capable of forming a transparent conductive film, disposed in a vacuum 
chamber, applying a negative voltage intermittently and using oxygen and/or inert gas as sputtering 
gas, wherein the negative voltage is intermittently applied so that a time during which the negative 

s voltage is not applied includes a time during which the voltage is controlled to be zero volt in a range of 
from 10 us to 10 ms, and the zero voltage time is equal to or longer·than the time required by one 
arcing from its generation to extinction. 

14. The film-deposition method according to Claim 13, wherein the sputtering target is composed mainly of 
10 tin or tin oxide. 

15. The film-deposition method according to Claim 14, wherein the sputtering target contains metal 
antimony or an antimony compound. 

15 16. The film-deposition method according to Claim 13, wherein the sputtering target is composed mainly of 
indium or indium oxide. 

17. The film-deposition method according to Claim 16, wherein the sputtering target contains tin. 

w 18. The film-deposition method according to Claim 13, wherein the sputtering target is composed mainly of 
7mr: or zinc oxide. 

_)(; 

50 

19. The him-deposition method according to Claim 18, wherein the sputtering target contains a simple 
substance or a compound of at least one metal selected from the group consisting of aluminum. 
gallium. indium. boron and silicon. 

19 

BNSDCCIO: <EP ___ 0639655A 1 I > 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 908 of 1543



EP 0 639 655 A1 

FIGURE I 
1 2 i.. .. ,.. .., 

0 I I l -t-r---t-7---Y~--r-r---r-~=-"T"""--r--.--.---.-~T 

-Vy I 

n n Q C\u u c 
0 I I 

FIGURE 2 
~2 23 ,?4 .. , ~~ 

0 j u·otsu= Dib"LJ"[ T 
-V 11 I 11 

I 25 I II 
A ... , JI ~I II 

0 I nnuouG\ PJnou T 
I I I I I 11 

FIGURE 3 

31 

+ 

BNSDOCIO: <EP_0639655A1_1_> 

20 

33 
36 

T 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 909 of 1543



"."' .s 
i:;; 
~ 
en 
0 

_, -» 
0 
s:::: 
0 
:::; 

0 
:.. 
::.. 

EP 0 639 655 Al 

FIGURE 4· 
32 

,----~-------~----1 
31 I I 

:---'-1 I . ;41--------------! ,-----, :------1B i 43 

II - i I ·--------------'I ,,, I'~~:, !_ ______ lrl~l::~-~ 
11 ' I . I 

I 11 44 I I II I 
I I 1 J 351 II I 
I I L ___ J L _______ _J L ___ J L ___ J 

FIGURE 5 

FIGURE 6 

51 

53 

55 

100 

80 

60 

40 

20 

0 
0 

DC 

ON100/0FF40 

10 20 30 40 

Discharge time (min) 

21 

ON100/0FF 
200 

50 60 

BNSDOCID: <EP_0639655A1_1_> 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 910 of 1543



EP 0 639 655 A1 

FIGURE 7 

100 

,....._ 80 ,.... 
DC 

...... 

..:.:: 
VJ 60 (!.) 

-__, 

;:..-, 40 
::; 

~ 
20, -

' I.. 
- I 

0 
0 50 100 150 

Dis.:::hurge time (min) 

FIGURE 8 

81 b"\ 

82b + -

22 
BNSOOCID: <EP_06396S5A 1 _I_> 

ON220/0FF 
500 

200 250 

Bia 

820 

83a 

84 

85 

• 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 911 of 1543



• 

Voltage 

+ 

Voltag·e 

+ 

Vp 

EP 0 639 655 A1 

FIGURE 9 

~ 

FIGURE 10 

o~-.---+-~--+----4~~+--+-~-+----r~~ 

-VN w 
FIGURE I I 

Voltage 

+ b3 b4 
1~ ,. ·I 

Vp 
0 

23 
BNSDOCIO: <EP_0639655A1_1_> 

Time 

'l"iine: 

Time 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 912 of 1543



Category 

A 

x 
A 

A 

A 

European Patent 

<>Kia: 
EUROPEAN SEARCH REPORT 

DOCUMENTS CONSIDERED TO BE RELEVANT 
Citation of 41oc:ument with indication, where appropriate, 

of relevant pas:saces 

THIRD INTERNATIONAL CONFERENCE ON PLASMA 
SURFACE ENGINEERING, 
GARMISCH-PARTENKIRCHEN, GERMANY, 26-29 
OCT. 1992, ISSN 0257-8972, SURFACE AND 
COATINGS TECHNOLOGY, 1 OCT. 1993, 
SWITZERLAND, PAGE(S) 177 - 182 
Frach P et al 'Aspects and results of 
long-term stable deposition of Al/sub 
2/0/sub 3/ with high rate pulsed reactive 
magnetron sputtering• 
* page 180, left column, line 2 - right 
column, line 2 * 

EP-A-0 275 018 (GRUN R) 20 July 1988 
* column 4, line 40 - line 50; claims 1-4 
* 

WO-A-87 05053 (QUAZI) 
* page 28, line 3 - line 12; claim 1 • 

1-19 

5 
1-4,6-H 

1-19 

PATENT ABSTRACTS OF JAPAN 1-19 
vol. 14, no. 90 (C-0691) 20 February 1990 
& JP-A-01 301 856 (SHIMADSU CORP) 6 
December 1989 
* abstract * 

A CIP 93 PROCEEDINGS, 6 June 1993, FR 1-19 
pages 66 - 68, XP399216 

A 

B. STAUDER ET AL 'A METHOD FOR SUPRESSING 
THE HYSTERESIS EFFECT IN REACTIVE 
SPUTTERING' 
* page 67, line 9 - line 21 * 

WO-A-91 02103 (THE BOC GROUP INC) 
• claims 1,2 * 

The pnsmt ~ report bas Ileen drawn llP for all daims 

10-19 

Anl!cadon NumlMr 

EP 94 11 1669 

QASSIFICATION OF THE 
APPUCATION (Jnt.0.6) 

C23C14/00 
C23C14/34 
H01J37/32 

C23C 
HOlJ 
H03J 

I 
Dita.,..,..._ .. °"'_ I 

§ THE HAGUE 18 November 1994 Ekhult, H i--------------------'---------------------.__ ________________ --1 

; 
! 
~ ... 
f 

CATEGORY OF <lTl:D DOCUMEl'i'TS 

X : pardadul:r Nl-t If tUCI alone 
y : pardaJb.rl;r ,..._ If ...... i.m.1 with anotb4r 

*iament of die same cateaory 
A:•ecb ........... I~ 
0 : non-'lll'lnm '1sdos1lft 
P : illtametiate doaaHDt 

T : tbeol)' or prindple llllderl)'ing the inwntlon 
E : euUer patmt llom-, but pabllsllet DD. or 

llft• tbe filiq ilate 
D : docummt dted In die appllca!ioa 
L : llloamtmt cited for odler ,_ 
-·--··--·-·------··--·---·-----.. : maaber of the me patent famll)', mu ; tJna: 

llocmamt 
~ ........ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--' 

3NSDOCID: <EP __ 0639655A1_1_> 

• 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 913 of 1543



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

IEf BLACK BORDERS 

~IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

~FADED TEXT OR DRAWING 

IE'.j' BLURRED OR ILLEGIBLE TEXT OR DRAWING 

0 SKEWED/SLANTED IMAGES 

0 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

0 GRAY SCALE DOCUMENTS 

ta" LINES OR MARKS ON ORIGINAL DOCUMENT 

0 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

0 OTHER: ---------------------
IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 914 of 1543



THIS PAGE BLANK (USPTO) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 915 of 1543



Ref
#

Hits Search Query DBs Default
Operator

Plurals Tim e Stamp

LI 1652 band with reject with filter US-PGPUB;
USPAT

iilil! Siili 2005/07/29 15:41

L2 52349 DC and RF US-PGPUB;
USPAT

OR OFF 2005/07/29 15:31

L3 824596 @ad>"20020316" or 
@rlad>"20020316"

US-PGPUB;
USPAT

ÌORi::::IÌÌ::É Sil 2005/07/29 15:18

L4 338 1 and 2 US-PGPUB;
USPAT

OR OFF 2005/07/29 15:18

L5 i l i l l l i l i 4 not 3 US-PGPUB;
USPAT

¡illlil |¡1111 2005/07/29 15:20

L6 1694 204/192.12.cds. US-PGPUB;
USPAT

OR OFF 2005/07/29 15:21

L7 iiiilllllii 5 and 6 US-PGPUB;
USPAT

¡o li l l i i ¡111 2005/07/29 15:21

L8 180836 "438"/$.cds or "257"/$.eels, or 
29/25.01.cds.

US-PGPUB;
USPAT

OR OFF 2005/07/29 15:23

L9 ¡iiillil 1 US-PGPUB;
USPAT

B i l l ! i l l i 2005/07/29 15:23

L12 50121 "204"/$.ccls. US-PGPUB;
USPAT

OR OFF 2005/07/29 15:24

L13 SifSISillli 5 and 12 US-PGPUB;
USPAT

|OR:||ÌÌl|Ì OFF 2005/07/29 15:27

L14 1 ("20040077161").PN. US-PGPUB;
USPAT

OR OFF 2005/07/29 15:28

LI 5 |!| |pi (pulsed with DC) and RF US-PGPUB;
USPAT

l l l i i l i l ¡111 2005/07/29 15:32

LI 6 5 1 and 15 US-PGPUB;
USPAT

OR OFF 2005/07/29 15:32

L17 ¡¡¡¡¡jilill US-PGPUB;
USPAT

¡©$¡¡¡¡¡¡¡1¡UH 2005/07/29 15:36

LI 8 162768 notch US-PGPUB;
USPAT

OR OFF 2005/07/29 15:37

LI 9 wmiMm 1 and 18 US-PGPUB;
USPAT

¡11111!¡I li 2005/07/29 15:37

L20 i 15 and 19 US-PGPUB;
USPAT

OR OFF 2005/07/29 15:37

S i 1937 band with rejection with filter US-PGPUB;
USPAT

lo lllllli ¡1111 2005/07/29 15:38

L22 15 15 and 21 US-PGPUB;
USPAT

OR OFF 2005/07/29 15:38

¡III!i l i l l i l l 22 not 3 US-PGPUB;
USPAT

H I! ¡111 2005/07/29 15:38

L24 42828 band with pass with filter US-PGPUB;
USPAT

OR OFF 2005/07/29 15:41

Search History 7/29/05 4:03:26 PM Page 1
C:\Documents and Settings\MEstrada\My Documents\EAST\Workspaces\10101863b.wsp

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 916 of 1543



L25 . 31 15 and 24 

.................................. .................... 
~S.!!rW~f~IY!Y//T ·::::. ····· 
~ ;j~ ~ ~ ~~~;~ ~~;~ ~ ~ ~ ~ ~~;~~1 ~ ;~ ~; ~~~ ~ ~ ;~:: '.i~~ Hn i} ~~~H ! l 

Search History 7/29/05 4:03:26 PM Page 2 

US-PGPUB; OR 
USPAT 

J!).$~PG.PU$.L !!OR 
··· ··· ···· )JSPAt/::::::::: :::::::~:: 

OFF 2005/07 /29 15:42 

. . . . . . 

··········· ~OFF:~:::: 1 ~~iQQS./07/~9.~~i~S~~~Zj~ 
........... ::::::::::::::::::: :::::::::;;;:::::::::::::::::::::::::::::::::: 
::::::::::: ::::::.:::::::::::: ::::::::::::::::::: ::::::::::::::::::;::··· 

C:\Documents and Settings\MEstrada\My Docunients\EAST\Workspaces\10101863b.wsp 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 917 of 1543



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

10/101,863 03/16/2002 Hongmei Zhang 

22852 7590 08/04/2005 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 
901 NEW YORK A VENUE, NW 
WASHINGTON, DC 20001-4413 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Addre.'I..: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

M-12245 US 6938 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

DATE MAILED: 08/04/2005 

Please find below and/or attached an Office communication concerning this application or proceeding. 

PT0-90C (Rev. 10/03) 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 918 of 1543



Application No. 

10/101,863 

Office Action Summary Examiner 

Michelle Estrada 

Applicant(s) 

ZHANG ET AL. 

Art Unit 

2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patentterm adjustment. See 37 CFR 1.704(b). 

Status 

1 )[8] Responsive to communication(s) filed on 13 July 2005. 

2a)0 This action is FINAL. 2b)[8] This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8] Claim(s) 1-14 and 20-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8] Claim(s) 1-13 and 20 is/are rejected. 

7)[8] Claim(s) 14 and 21-24 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1o)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that.any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) in~luding the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 1:8J 1nformation Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 
Paper No(s)/Mail Date 7113105. 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PT0-152) 

6) 0 Other: __ . 

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20050729 
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Application/Control Number: 10/101,863 

Art Unit: 2823 

DETAILED ACTION 

Continued Examination Under 37CFR1.114 

Page2 

A request for continued examination under 37 CFR 1.114, including t~e fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 7 /13/05 

·has been entered. 

Applicant's argumerits with respect to claims 1 and 20 have been considered but 

are moot in view of the new ground(s) of rejection. 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1, 8, 10-13 and 20 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Smolanoff et al. (6, 117,279). 

With respect to claim 1, Smolanoff et al. di$close providing pulsed DC power (21) 

through a filter (22) to a target (16) (Qol. 5, lines 50-55); providing RF bias power to a 
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substrate (15) positioned ·opposite the target (Col. 5, lines 60-65); providing process gas 

between the target and the substrate (Col. 7, lines 25-28); wherein the filter protects a 

pulsed DC power supply (21) from the bias power, and wherein a plasma is created 

between the target and the substrate (Col. 6, lines 8-13). 

With respect to claim 8, Smolanoff et al. disclose wherein the process gas 

includes a mixture of oxygen and argon (Col. 7, lines 21-27). 

With respect to claim 10, Smolanoff et al. disclose wherein the process gas 

further includes nitrogen (Col. 7, lines 25-26). 

With respect to claim 11, Smolanoff et al. disclose wherein providing pulsed DC 

power to a target includes providing pulsed DC power to a target which has an area 

larger than that of the substrate (See fig. 1 ). 

With respect to claim 12, Smolanoff et al. disclose further including uniformly 

sweeping the target with a magnetic field (Col. 6, lines 1-7). 

With respect to claim 13, Smolanoff et ·al. disclose wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the 

target where the magnet extends beyond the target in the opposite direction (Col. 6, 

lines 1-6). 

With respect to claim 20, Smolanoff et al. disclose conditioning a target; 

preparing the substrate; adjusting the bias power to the substrate; setting the process 

gas flow; and applying pulsed DC power to the target to deposit the film (Col. 5, line 55-

Col. 7, line 50). 
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Claim Rejections - 35 USC§ 103 

Page4 

The following is a quotation of 35 U.S.C. 103(a} which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 2-6 are rejected under 35 U.S.C. 103(a} as being unpatentable over 

Smolanoff et al. as applied to claims 1, 8, 10-13 and 20 above, and further in view of 

Fukui et al. (5,755,938). 

With respect to claims 2-4 and 6, One of ordinary skill in the art would have been 

led to the recited temperature, DC power, time pulse and bias power to routine 

experimentation to achieve a desire layer thickness, device dimension, device 

associated characteristics and device density on the finished wafer in view of the range 

of values disclosed. 

In addition, the selection of temperature, DC power, time pulse and bias power, 

its obvious because it is a matter of determining optimum process conditions by routine 

experimentation with a limited number of species of result effective variables. These 

claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996}(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 
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re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, time pulse and bias power or any unexpected. 

results arising therefrom. Where patentability is said to be based upon particular 

chosen t~mperature, DC power, time pulse and bias power or upon another variable 

recited in a claim, the Applicant must show that the chosen temperature, DC power, 

time pulse and bias power are critical. In re Woodruf, 919 F .2d 1575, 1578, 16 

USPQ2d 1934, 1936 (Fed. Cir. 1990). 

With respect to claim 5, Smolanoff et al. do not specifically disclose wherein the 

filter is a band reject filter at the frequency of the bias power. 

Fukui et al. disclose a sputtering process wherein the DC power supply (28) is 

connected through a band-pass filter (27) at the frequency of the bias power. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Fukui et al. to enable the filter type of Smolanoff et 

al. to be the same according to the teachings of Fukui et al. because one of ordinary 

skill in the art would have been motivated to look to alternative suitable types of filters 

for the disclosed filter step of Smolanoff et al. and art recognized suitability for an 
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intended purpose has been recognized to be motivation to combine., See MPEP 

2144.07. 

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Smolanoff et al. as applied to claims 1, 8, 10-13 and 20 above, and further in view of Le 

et al. (2003/0077914 ). 

Smolanoff et al. do not disclose wherein the film is an upper cladding layer of a 

waveguide structure and the bias power is optimized to provide planarization. 

With respect to claim 7, Le et al: disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075]. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Le et al. to enable the film material of Smolanoff et 

al. to be the same according to the teachings of L~et al. because one of ordinary skill in 

the art would have been motivated to look to alternative suitable film materials for the 

disclosed film formation step of Smolanoff et al. and art recognized suitability for an 

intended purpose has been recognized to be motivation to combine. See MPEP 

2144.07. 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076]). 
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Allowable Subject Matter 

Claims 14 and 21-24 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the 'receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
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you have questions on access to th.e Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
July 29, 2005 

~~ 
Patent Examiner 

Art Unit 2823 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P,0. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed August 4, 2005, the period for response having been 

extended to December 4, 2005 (a Sunday) by a request for extension of one month with 

authorization for the Commissioner to charge the fee of $120.00 to Deposit Account No. 06-

0916, please amend the above-identified application as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper beginning 

on page 2. 

Remarks/Arguments follow the amendment sections of this paper beginning on page 5. 
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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Currently amended) A method of depositing a film on a substrate, comprising: 

providing pulsed DC power through a filter to a target; 

providing RF bias power to a substrate positioned opposite the target; and 

providing process gas between the target and the substrate, 

wherein the filter protects a pulsed DC power supply from the bias power, aH4 

wherein a plasma is created eef\veea the taTget aacl the seastFate by application of the 

pulsed DC power to the target; and 

wherein the film is deposited by exposure of the substrate to the plasma. 

2. (Previously Presented): The method of Claim 1, further including holding the temperature of 

the substrate substantially constant. 

3. (Previously Presented): The method of Claim 1, wherein providing pulsed DC power through 

the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz 

and about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. (Previously Presented): The method of Claim 1, wherein providing bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

5. (Previously Presented): The method of Claim 4, wherein the filter is a band reject filter at the 

frequency of the bias power. 

6. (Previously Presented): The method of claim 4, wherein the bias power is zero. 

7. (Previously Presented): The method of Claim 1, wherein the film is an upper cladding layer 

of a waveguide structure and the bias power is optimized to provide planarization. 

8. (Previously Presented): The method of Claim 1, wherein the process gas includes a mixture 

of Oxygen and Argon. 

-2-
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9. (Previously Presented): The method of Claim 9, wherein the Oxygen flow is adjusted to 

adjust the index ofrefraction of the film. 

10. (Previously Presented): The method of Claim 8, wherein the process gas further includes 

nitrogen. 

11. (Previously Presented): The method of Claim 1, wherein providing pulsed DC power to a 

target includes providing pulsed DC power to a target which has an area larger than that of the 

substrate. 

12. (Previously Presented): The method of Claim 1, further including uniformly sweeping the 

target with a magnetic field. 

13. (Previously Presented): The method of Claim 12, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

14. (Currently amended): The methea ef Claiffi 1, fl:lr:ther iaeh:1aiag A method of depositing a 

film on a substrate, comprising: 

providing pulsed DC power through a filter to a target: 

providing RF bias power to a substrate positioned opposite the target; and 

providing process gas between the target and the substrate, and 

depositing a film on the backside of the target~.1. 

wherein the filter protects a pulsed DC power supply from the bias power, and 

wherein a plasma is created between the target and the substrate. 

15.-19. (Canceled). 

20. (Currently amended): A method of depositing a film on a substrate, comprising: 

conditioning a target; 

preparing the substrate; 

adjusting a RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target through a filter to create a plasma aaa aef30Slt the 

-3-
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Hlml-

wherein the substrate is exposed to the plasma to deposit the film. 

21. (Currently amended): TJ.:i.e metH:ea ef Claim JO, A method of depositing a film on a 

substrate, comprising: 

conditioning a target; 

preparing the substrate; 

adjusting a RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target through a filter to create a plasma and deposit the 

wherein conditioning the target includes sputtering with the target in a metallic mode to 

remove the surface of the target and sputtering with the target in poisonous mode to prepare the 

surface. 

22. (Previously Presented): The method of Claim 21, wherein setting the process gas flow 

includes adjusting constituents in order to adjust the index of refraction of the film. 

23. (Previously Presented): The method of Claim 21, wherein applying pulsed DC power 

includes setting the frequency in order to adjust the index of refraction of the film. 

24. (Previously Presented): The method of Claim 21, further including adjusting a temperature 

of the substrate in order to adjust the index of refraction of the film. 

25.-39. (Canceled). 

-4-
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REMARKS 

Claims 1-14 and 20-24 are pending in the above identified application. The Examiner 

has rejected claims 1-13 and 20, and objected to claims 14 and 21-24. With this paper, 

Applicants have amended claims 1, 14, 20, and 21. Applicants herein traverse the Examiner's 

rejections. 1 

Claim Rejections Under 35 U.S.C. § 102 

The Examiner rejected claims 1, 8, 10-13 and 20 under 35 U.S.C. § 102(b) as being 

anticipated by U.S. Patent No. 6, 117 ,279 ("Smolanoff'). However, Smolanoff does not recite 

that "a plasma is created by application of the pulsed DC power to the target; and wherein the 

film is deposited by exposure of the substrate to the plasma," as is recited in claim 1, or 

"applying pulsed DC power to the target through a filter to create a plasma wherein the substrate 

is exposed to the plasma to deposit the film," as is recited in claim 20. 

As is taught in Smolanoff, 

A further objective of the present invention is to provide a method 
and apparatus for ionized physical vapor deposition that utilizes a 
magnetron magnetic field source to provide a main plasma for 
sputtering coating material efficiently from a sputtering target and 
that employs a secondary plasma by which is produced a high 
ionization fraction of the material sputtered from the target. A 
more particular objective of the present invention is to provide 
such a method and apparatus in which the loss of charged particles 
from the secondary plasma is minimized or reduced. 

(Smolanoff, col. 3, lines 1-10). Further, Smolanoffteaches that: 

According to certain principles of the present invention, an ionized 
physical vapor deposition (IPVD) method and apparatus are 
provided utilizing a target energized with a DC or pulsed DC 
source to energize a main plasma adjacent to a sputtering target 
and an RF reactively coupled source to energize a secondary 

1 The Examiner has made a number of statements that characterize the prior art or characterize 
the claims. Applicants do not necessarily agree or acquiesce in any of these characterizations, 
even if those characterizations are not specifically addressed in this paper. 

-5-
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plasma in the space between the target and a substrate oriented 
preferably parallel to the target at the opposite end of a sputtering 
chamber. The space in which the secondary plasma is generated is 
bounded by electrically conductive structure that is electrically 
floating and presents a high impedance to the RF source. This 
structure is further connected through a low pass filter which 
provides a low impedance DC path to ground or to some other 
potential. 

(Smolanoff, col. 3, lines 51-64). Therefore, Smolanoffteaches that a secondary plasma created 

by RF coils is created between the target and the substrate, in addition to the plasma created at 

the target. Deposition is performed by exposing the substrate to the secondary plasma, not the 

main plasma adjacent to the sputtering target. Therefore, Smolanoff fails to teach that "a plasma 

is created by application of the pulsed DC power to the target; and wherein the film is deposited 

by exposure of the substrate to the plasma," as is recited in claim 1, or "applying pulsed DC 

power to the target through a filter to create a plasma wherein the substrate is exposed to the 

plasma to deposit the film," as is recited in claim 20. 

Furthermore, although Smolanoff states that the target "can be energized with a DC or 

pulsed DC source to energize a main plasma," (Smolanoff, col. 3, lines 53-45), Applicants 

contend that Smolanoff has not enabled utilization of a pulsed DC power source in an 

environment with RF energy. Smolanoffs may teach an RF filter between the DC source and 

the target, but provides no description of that filter. It is Applicants' experience that the 

exposure of a pulsed DC power supply to an RF environment often leads to destruction of the 

pulsed DC power supply. Smolanoffhas enabled utilization of a DC power supply, but not a 

pulsed DC power supply. 

As discussed above, claims 1and20 are allowable over Smolanoff. Claims 8 and 10-13, 

which depend from claim 1, are therefore allowable over Smolanoff for at least the same reasons 

as is claim 1. 

-6-
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.. 

Claim Rejections under 35 U.S.C. § 103 

Claims 2-6 

The Examiner has rejected claims 2-6 under 35 U.S.C. § 103(a) as being unpatentable 

over Smolanoff in view of U.S. Patent No. 5,755,938 ("Fukui"). As discussed above, claim 1 is 

allowable over Smolanoff. Fukui does not cure the defects in the teachings of Smolanoff. 

Therefore, claims 2-6, which depend from claim 1, are allowable for at least the same reasons as 

is claim 1. 

Claims 7 and 9 

The Examiner has further rejected claims 7 and 9 under 35 U.S.C. § 103(a) as being 

unpatentable over Smolanoff in view of Le et al. (2003/0077914) ("Le"). As discussed above, 

claim 1 is allowable over Smolanoff. Le does not cure the defects in the teachings of Smolanoff. 

Therefore, claims 7 and 9, which depend from claim 1, are allowable for at least the same 

reasons as is claim 1. 

Allowable Subject Matter 

The Examiner has indicated that claims 14 and 21-24 would be allowable ifrewritten in 

independent form including all of the limitations of the base claim and any intervening claims. 

Claims 14 and 21, from which claims 22-24 depend, have been rewritten as suggested by the 

Examiner. 

-7-
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Conclusion 

In view of the foregoing amendments and remarks, Applicants respectfully request 

reconsideration and reexamination of this application and the timely allowance of the pending 

claims. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to Deposit Account No. 06-0916. 

Dated: December 5, 2005 

EXPRESS MAIL LABEL NO. 
EV 758329165 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

Reg. No. 41,008 

-8-
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In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

PETITION FOR EXTENSION OF TIME 

Applicants petition for a one month extension of time to reply to the Office action of 

August 4, 2005. The Commissioner is hereby authorized to charge the fee of$120.00 to Deposit 

Account No. 06-0916. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Dated: December 5, 2005 

EXPRESS MAIL LABEL NO. 
EV 758329165 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By·~·~ rs; at/ 
~~waniS 

Reg. No. 41,008 

12/08/2005 EAREGAY1 00000041 060916 10101863 

01 FC:1251 120.00 DA 
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~ PATENT 

DEC 0 6 100~ Customer No. 22,852 
~ ..... - - }; Attorney Docket No. 9140.0016-00 

~ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed after the events recited in Section l .97(b) but, to the undersigned's knowledge, before the 

mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the 

provisions of37 C.F.R. § l.97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 to Deposit Account No. 06-0916 as specified by Section l.17(p). 

Copies of the listed non-patent literature documents are attached. Copies of the U.S. 

patents and patent publications are not enclosed. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 
12/08/2005 EAREGAY1 00000041 060916 10101863 

02 FC:180G 180.00 DA 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 968 of 1543



This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Dated: December 5, 2005 

EXPRESS MAIL LABEL NO. 
EV 758329165 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~.~ 'fS,6'i7 
"tr~~aidS 

Reg. No. 41,008 

-2-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 969 of 1543



-.._. 
/()\PE~ 

I ~' Complete if Known 
IDS Form PTO/SB/08: Substitute for form 1149A/'Qfc Q I) 100~ 

INFORMATION DIS~ OSURE ~ .. /; 
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Filing Date March 16, 2002 

STATEMENT BY AP -- y First Named Inventor Hongmei ZHANG 

~ Art Unit 2823 
(Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

Sheet I 1 I of I 1 Attorney Docket Number 9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 
Initials" No.1 

Number-Kind Code2 
(if known) 

Publication Date Applicant of Cited Document Relevant Passages or Relevant 
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5,478,456 12-26-1995 Humpal et al. 

6,846,765 82 1-25-2005 Imamura et al. 

Note: Submission of copies of U.S. Patents and published U.S. Patent Apphcat1ons is not required. 

FOREIGN PATENT DOCUMENTS 
Examin!lr Cite Publication Date Name of Patentee or Pages. Columns, Lines, Translation" 
Initials No.' Foreign Patent Document MM-DD·YYYY Applicant of Cited Document Where Relevant Passages 

or Relevant Figures 

Country Code3 Number' Kind Code5 
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NON PATENT LITERATURE DOCUMENTS 

Examiner Cite Include name of the author (in CAPITAL LETIERS), title of the article (when appropriate), title of the item Translation6 

Initials' No. 1 (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 
publisher, city and/or country where published. 

DOREY, R.A., "Low temperature micromoulding of functional ceramic devices," Grant 
summary for GR/S84156/01 for the UK Engineering and Physical Sciences Research 
Council, 2 pages (2004). 
HOWSON, R.P., "The reactive sputtering of oxides and nitrides," Pure & Appl. Chem. 
66(6):1311-1318 (1994). 

Office Action issued September 21, 2005 in U.S. Application No. 11/100,856 (Attorney 
Docket No. 09140.0015-01 ). 
Office Action issued on August 8, 2005 in U.S. Serial No. 10/101,341 (Attorney Docket 
No. 09140-0017-00). 
Office Action issued on October 3, 2005 in U.S. Application No. 10/650,461 (Attorney 
Docket No. 09140-0025-00). 
Office Action issued on October 19, 2005 in U.S. Application No. 10/851 ,542 (Attorney 
Docket No. 09140.0033-00). 

EXPRESS MAIL LABEL NO. 
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I Examiner 
Signature 

I Date 
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Application No. 

10/101,863 

Office Action Summary Examiner 

Michelle Estrada 

Applicant(s) 

ZHANG ET AL. 1 

Art Unit 

2823 

•• The MAILING DA TE of this communication appears on the cover sheet with the correspondence address •• 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ~ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three monihs after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )[gl Responsive to communication(s) filed on 05 December 2005. 

2a)[gl This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213. 

Disposition of Claims 

4)[gl Claim(s) 1-14 and 20-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)[gl Claim(s) 14 and 21-24 is/are allowed. 

6)[gl Claim(s) 1-13 and 20 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 O)[gl The drawing(s) filed on 05 December 2005 is/are: a)[gl accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) induding the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) [gJ Information Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 
Paper No(s)/Mail Date 1215105. 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. 

5) 0 Notice of Informal Patent Application (PT0-152) 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060208 
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Application/Control Number: 10/101,863 

Art Unit: 2823 

DETAILED ACTION 

Claim Rejections - 35 USC§ 102 

Page 2 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1, 8, 10-13 and 20 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Smolanoff et al. (6, 117 ,279). 

With respect to claim 1, Smolanoff et al. disclose providing pulsed DC power (21) 

through a filter (22) to a target (16) (Col. 5, lines 50-55); providing RF bias power to a 

substrate (15) positioned opposite the target (Col. 5, lines 60-65); providing process gas 

between the target and the substrate (Col. 7, lines 25-28); wherein the filter protects a 

pulsed DC power supply (21) from the bias power, and wherein a plasma is created by 

application of the pulsed DC power to the target (Col. 6, lines 8-13); and wherein the 

film is deposited by exposure of the substrate to the plasma (Col. 6, lines 30-33). 

With respect to claim 8, Smolanoff et al. disclose wherein the process gas 

includes a mixture of oxygen and argon (Col. 7, lines 21-27). 

With respect to claim 10, Smolan off et al. disclose wherein the process gas 

further includes nitrogen (Col. 7, lines 25-26). 

With respect to claim 11, Smolanoff et al. disclose wherein providing pulsed DC 

power to a target includes providing pulsed DC power to a target which has an area 

larger than that of the substrate (See fig. 1 ). 
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With respect to claim 12, Smolanoff et al. disclose further including uniformly 

sweeping the target with a magnetic field (Col. 6, lines 1-7). 

With respect to claim 13, Smolanoff et al. disclose wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the 

target where the magnet extends beyond the target in the opposite direction (Col. 6, 

lines 1-6). 

With respect to claim 20, Smolanoff et al. disclose conditioning a target; 

preparing the substrate; adjusting the bias power to the substrate; setting the process 

gas flow; and applying pulsed DC power to the target to deposit the film (Col. 5, line 55-

Col. 7, line 50). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 2-6 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Smolanoff et al. as applied to claims 1, 8, 10-13 and 20 above, and further in view of 

Fukui et al. (5,755,938). 

With respect to claims 2-4 and 6, One of ordinary skill in the art would have been 

led to the recited temperature, DC power, time pulse and bias power to routine 

experimentation to achieve a desire layer thickness, device dimension, device 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 975 of 1543



.. 

Application/Control Number: 10/101,863 

Art Unit: 2823 

Page4 

associated characteristics and device density on the finished wafer in view of the range 

of values disclosed. 

In addition, the selection of temperature, DC power, time pulse and bias power, 

its obvious because it is a matter of determining optimum process conditions by routine 

experimentation with a limited number of species of result effective variables. These 

claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, time pulse and bias power or any unexpected 

results arising therefrom. Where patentability is said to be based upon particular 

chosen temperature, DC power, time pulse and bias power or upon another variable 

recited in a claim, the Applicant must show that the chosen temperature, DC power, 

time pulse and bias power are critical. In re Woodruf, 919 F .2d 1575, 1578, 16 

USPQ2d 1934, 1936 (Fed. Cir. 1990). 
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With respect to claim 5, Smolanoff et al. do not specifically disclose wherein the 

filter is a band reject filter at the frequency of the bias power. 

Fukui et al. disclose a sputtering process wherein the DC power supply (28) is 

connected through a band-pass filter (27) at the frequency of the bias power. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Fukui et al. to enable the filter type of Smolanoff et 

al. to be the same according to the teachings of Fukui et al. because one of ordinary 

skill in the art would have been motivated to look to alternative suitable types of filters 

for the disclosed filter step of Smolanoff et al. and art recognized suitability for an 

intended purpose has been recognized to be motivation to combine. See MPEP 

2144.07. 

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Smolanoff et al. as applied to claims 1, 8, 10-13 and 20 above, and further in view of Le 

et al. (2003/0077914). 

Smolanoff et al. do not disclose wherein the film is an upper cladding layer of a 

waveguide structure and the bias power is optimized to provide planarization. 

With respect to claim 7, Le et al. disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075]. 
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It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Le et al. to enable the film material of Smolanoff et 

al. to be the same according to the teachings of Leet al. because one of ordinary skill in 

the art would have been motivated to look to alternative suitable film materials for the 

disclosed film formation step of Smolanoff et al. and art recognized suitability for an 

intended purpose has been recognized to be motivation to combine. See MPEP 

2144.07. 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076]). 

Allowable Subject Matter 

Claims 14 and 21-24 are allowed. 

Response to Arguments 

Applicant's arguments filed 12/5/05 have been fully considered but they are not 

persuasive. Applicant argues that deposition is performed by exposing the substrate to 

the secondary plasma, not the main plasma adjacent to the sputtering target. However, 

the process of Col. 5- Col. 6 of Smolanoff et al. deposits a thin film on the substrate 15 

by exposure to the main plasma (Col. 6, lines 30-33). The additional teachings of the 

reference, like creating a secondary plasma, do not render invalid the teachings relied 

on. 
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Applicant argues that Smolanoff has enabled utilization of a DC power supply, 

but not a pulsed DC power supply. However, Smolanoff discloses that a pulsed DC 

power can be used and would work in the process described at Col. 5-Col. 6. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
February 8, 2006 

~!!::a~ 
Primary Examiner 

Art Unit 2823 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STA TES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 101101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed February 14, 2006, and filed concurrently with a 

Request for Continued Examination, Applicants propose that this application be amended as 

follows: 

Amendments to the Claims are reflected in the listing of claims in this paper beginning 

on page 2. 

Remarks/Arguments follow the amendment sections of this paper beginning on page 5. 
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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Cancelled) 

2. (Currently Amended): The method of Claim +21, further including holding the temperature 

of the substrate substantially constant. 

3. (Currently Amended): The method of Claim +21, wherein 13revieiegapplving pulsed DC 

power through the filter includes supplying up to about 10 kW of power at a frequency of 

between about 40 kHz and about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. (Currently Amended): The method of Claim +n, wherein 13revieiegadjusting an RF bias 

power to the substrate includes supplying up to 1000 W of RF power to the substrate. 

5. (Currently Amended): The method of Claim 4, wherein the filter is a band rejection filter at 

the frequency of the bias power. 

6. (Currently Amended): The method of claim 4, wherein the RF bias power is zero. 

7. (Currently Amended): The method of Claim +.ll, wherein the film is an upper cladding layer 

of a waveguide structure and the RF bias power is optimized to provide planarization. 

8. (Currently Amended): The method of Claim +21, wherein fffe!! process gas of the process gas 

flow includes a mixture of Oxygen and Argon. 

9. (Currently Amended): The method of Claim 9-~ wherein the 01e:ygee flewmixture is adjusted 

to adjust the index of refraction of the film. 

10. (Currently Amended): The method of Claim 8, wherein the preeess gasmixture further 

includes nitrogen. 

11. (Currently Amended): The method of Claim +21, wherein 13revieiegapplying pulsed DC 

power to athe target includes preYieiegadjusting pulsed DC power to a target which has an area 

-2-
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larger than that of the substrate. 

12. (Currently Amended): The method of Claim +21, further including uniformly sweeping the 

target with a magnetic field. 

13. (Previously Presented): The method of Claim 12, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

14. (Previously Presented): A method of depositing a film on a substrate, comprising: 

providing pulsed DC power through a filter to a target; 

providing RF bias power to a substrate positioned opposite the target; and 

providing process gas between the target and the substrate, and 

depositing a film on the backside of the target, 

wherein the filter protects a pulsed DC power supply from the bias power, and 

wherein a plasma is created between the target and the substrate. 

15.-20. (Cancelled). 

21. (Currently Amended): A method of depositing a film on a substrate, comprising: 

conditioning a target; 

film, 

preparing the substrate; 

adjusting ag RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target through a filter to create a plasma and deposit the 

wherein conditioning the target includes sputtering with the target in a metallic mode to 

remove the surface of the target and sputtering with the target in poisonous mode to prepare the 

surface. 

22. (Previously Presented ): The method of Claim 21, wherein setting the process gas flow 

includes adjusting constituents in order to adjust the index of refraction of the film. 

23. (Previously Presented): The method of Claim 21, wherein applying pulsed DC power 

-3-
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includes setting the frequency in order to adjust the index of refraction of the film. 

24. (Previously Presented): The method of Claim 21, further including adjusting a temperature 

of the substrate in order to adjust the index of refraction of the film. 

25.-39. (Canceled). 

-4-
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REMARKS 

Claims 1-14 and 20-24 are pending in the above identified application. The Examiner 

has rejected claims 1-13 and 20, and allowed claims 14 and 21-24. With this paper, Applicants 

have amended claims 2-12 to depend upon allowed claim 21, and amended claim 21 for a 

typographical error, and cancelled claims 1 and 20. Applicants reserve the right to pursue claims 

1 and 20 in a separate application. 

The Examiner rejected claims 1, 8, 10-13, and 20 under 35 U.S.C. § 102(b) as being 

anticipated by Smolanoff et al. (6,117,279). Further, the Examiner rejected claims 2-6 under 35 

U.S.C. § 103(a) as being unpatentable over Smolanoff et al. and further in view of Fukui et al. 

(5,755,938). Without agreeing or acquiescing with the Examiner's comments regarding the 

claims and the prior art, Applicants have canceled claims 1 and 20 and amended claims 8, 2-6, 

and 10-13 to depend from allowed claim 21. Therefore, claims 2- 6, 8, and 10-13 are allowable 

for at least the same reasons as is claim 21. 

The Examiner has allowed claims 14 and 21-24. 

Conclusion 

Applicant respectfully requests that this Amendment be entered by the Examiner, placing 

claims 2-14 and 21-24 in condition for allowance. Applicants submit that the proposed 

amendments of claims 2-12 and 21 do not raise new issues or necessitate the undertaking of any 

additional search of the art by the Examiner, since all of the elements and their relationships 

claimed were either earlier claimed or inherent in the claims as examined. Therefore, this 

Amendment should allow for immediate action by the Examiner. 

In view of the foregoing remarks, Applicants submit that this claimed invention, as 

amended, is neither anticipated nor rendered obvious in view of the prior art references cited 

-5-
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against this application. Applicants therefore request the entry of this Amendment, the 

Examiner's reconsideration and reexamination of the application, and the timely allowance of the 

pending claims. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER, L.L.P. 

Dated: February 24, 2006 

EXPRESS MAIL LABEL NO. 
EV 746094839 US 

-6-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1014 of 1543



. o'~~ :L- IJ--7-----o,/:; Rc~Ji 
FEB 2 4 2006 Application Number: 10/101,863 l Confirmation Number: 6938 y lEQUEST FOR Filing Date: March 16, 2002 

WtO ED EXAMINATION (RCE) 
~ TRANSMITTAL First Named Inventor: ZHANG, Hongmei 

Address to: 
Group Art Unit: 2823 

Mail Stop RCE Examiner: ESTRADA, Michelle ~ 

Commissioner for Patents 
P.O. Box 1450 Attorney Docket Number: 9140.0016-00 
Alexandria, VA 22313-1450 

Attorney Customer Number: 22,852 

This is a Request for Continued Examination (RCE) under 37C.F.R.§1.114 of the above-identified application. 

Request for Continued Examination (RCE) practice under 37 C.F.R. § 1.114 does not apply to any utility or plant application filed prior 
to June 8, 1995, or to any design application. 

1. Submission required under 37 C.F .R. § 1.114: Note: If the RCE is eroeer1 an:l£ ereviousl:1£ filed unentered amendments 
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i. D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

ii. D Other 
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i. 181 Amendment/Reply iii. [81 Information Disclosure Statement 

ii. D Affidavit( s )/Declaration( s) iv. D Other 

2. Miscellaneous 

a. D Suspension of action on the above-mentioned application is requested under 37 C.F.R. § 1.103(c) for a period of 
months. (Period of suspension shall not exceed 3 months; fee under 37 C.F.R. § 1.17(i) required.) 

b. D Other 

3. Fees 

a. [81 The filing fee is calculated as follows: 

i. [81 $790.00 RCE fee required under 37 C.F.R. § 1.17(e) 

ii. D Petition for extension of time for (Months)$ 

iii. D Other 

b. [81 The Commissioner is hereby authorized to charge the fee of $790.00 to Deposit Account No. 06-0916. 

c. [81 The Commissioner is authorized to charge any deficiencies in the filing fees, or credit any overpayments to Deposit 
Account No. 06-0916. 

A Signature of Applicant, Attorney, or Agent Required 

Name: Gary J. Edwards A Reg. No.: 41,008 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

FIFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(b) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(b), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. 

Copies of the listed foreign and non-patent literature documents are attached. Copies of 

the U.S. patents and patent publications are not enclosed. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 
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constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & D ER, L.L.P. 

Dated: February 24, 2006 

EXPRESS MAIL LABEL NO. 
EV 746094839 US 
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~ (54) Tiiie: TRANSPARENT CONDUCTIVE OXIDES 
....... 
~ (57) Abstract: A method of deposition of a transparent conductive film from a metallic taiget is presented. A method of fonning a 

<:> t.ransparent conductive oxide film according to embodimenlS of the present invention include depositing the 1ransparent conductive 

N oxide film in a pulsed DC reactive ion process with substrate bias, and controlling at least one process parameter IO affect at least one 

0 characteristic of the conductive oxide film. The resulting transparent oxide film, which in some embodiments can be an indium-tin 

> oxide film, can exhibit a wide rdllge of material propcnies depending on variations in process par.imeters. For example. varying the 

;;iiiil"' process parameters can result in a film with a wide range of resistive properties and surface smoothness of the film. 

BEST AVAILABLE COPY 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1021 of 1543



WO 2004/J 06581 PCT/US2004/014523 

Transparent Conductive Oxides 

Related Applications 

(0001) The present application claims priority to U.S. Provisional Application 

60/473,379, ''Transparent Cond:uctive Oxides from a Metallic Target," by R Ernest 

Demaray and Mukundan Narasimhan, filed on May 23, 2003, herein incorporated by 

reference in its entirety. 

Background 

1. Field of the Invention 

[0002) The present invention is related to deposition of oxides on a substrate and, 

in particular, deposition of transparent conductive oxides. 

2. Discussion of Related Art 

[0003) Transparent conductive oxides have a wide variety of uses, including 

applications to solar cells, organic light emitting diodes (OLEDs), eleCtrlc field 

devices, current devices (i.e. touch screens), energy efficient windows, conductive 

anti-reflective devices, electromagnetic interference shields, heaters, transparent 

electrodes, coatings for cathode ray tube (CRT) displays; to name only a few. 

Another important application is for touch semitive MEM:S devices, such as those 

used, for example, in fingerprint sensors and such. In many cases, the electrical 

properties of the conducting film is of great importance. 

[0004) Specifically, for OLED applications, films deposited with current 

technologies are generally rough. resulting in stress risers and field concentration 

issues, that can cause leakage. Further, asperities in the resulting film can induce 

lifetime dependent defects in nearest neighbor films that can shorten device lifetimes. 

Additionally, the brightness of the emergent light from the OLED can be reduced. 

[0005) Transparent conductive oxides have been deposited from ceramic targets 

by RF magnetron sputtering. However, the surface of properties of the resulting films 

often include nodules or asperites which can cause arcing, defects, surface roughness, 

and other deleterious effects in the resulting film. Additionally, ceramic targets tend 

to be more expensive to produce than metallic targets. 

[0006] Previous attempts at deposition of transparent conductive oxides, for 

example indium tin oxide (ITO), with metallic targets have presented numerous 
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problems, including small process windows, problems in process controllability, a 

disappearing anode effect, and particle deposition on the film. Such attempts have 

been abandoned. Deposition with ceramic targets has also been difficult, including 

problems with particles, nodule formation, and arching during deposition In both 

cases, film smootlmess has presented major difficulties. Additionally, control of film 

parameters such as, for example, resistivity and transparency has been difficult 

(0007] Therefore, there is need for cost effective deposition of smoother layers of 

transparent conductive oxides with greater control over layer properties such as 

resistivity and transparency. 

Summary 

[0008) In accordance with the present invention, a method of depositing of a 

transparent conductive film from a metallic target is presented. A method of forming 

a transparent conductive oxide film according to embodiments of the present 

invention includes depositing the transparent conductive oxide film in a pulsed DC 

reactive ion process with substrate bias, and controlling at least one process parameter 

to provide at least one characteristic of the conductive oxide film at a particular value. 

[0009) A method of depositing a transparent conductive oxide film on a substrate 

according to some embodiments of the invention, then, includes placing the substrate 

in a reaction chamber, adjusting power to a pulsed DC power supply coupled to a 

target in the reaction chamber, adjusting an RF bias power coupled to the substrate,. 

adjusting gas flow into the reaction chamber, and providing a magnetic field at the 

target in order to direct deposition of the transparent conductive oxide film on the 

substrate in a pulsed-de biased reactive-ion deposition process, wherein the 

transparent conductive oxide film has a particular characteristic. 

(0010) The resulting transparent oxide film, which can be deposited according to 

'some embodiments of the present invention, can be an indium--tin oxide (ITO) film. 

An ITO film can have a wide range of material properties depending on variations in 

process parameters. For example,. varying the process parameters according to some 

embodiments of the present invention can result in a wide range of resistive properties 

and surface smoothness of the film 

[0011) These and other embodiments of the invention are further discussed below 

2 
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with reference to the following figures. 

Short Description of the Figures 

[0012) Figures lA and lB illustrate a pulsed-DC biased reactive ion deposition 

apparatus that can be utilized in the methods of depositing according to the present 

invention 

(0013] Figure 2 shows an example of a target that can be utilized in the reactor 

illustrated in Figures lA and lB 

[0014] Figure 3A shows an Atomic Force Microscopy (AFM) image of an 

indium-tin-oxide (ITO) process according to some embodiments of the present 

invention 

[0015) Figure 3B shows an Atomic Force Microscopy {AFM) image of another 

ITO process deposited using a process according to some embodiments of the present 

invention 

(0016] Figure 4 shows the variation of bulk resistivity of an ITO layer according 

to some embodiments of the present invention as a function of the oxygen flow for 

two different target powers before and after a 250 °C anneal in vacuum. 

[0017] Figure 5 shows the variation of the sheet resistance of an ITO layer 

according to some embodiments of the present invention as a function of the oxy~en 

flow used for two different target powers before and after a 250 °C mmeal in vacuum. 

[0018) Figure 6 shows the target current and voltage (min and max) as a function 

of oxygen flow. 

[0019) Figure 7 shows the thickness change in layers of ITO accord.U:ig to 

embodiments of the present invention as a function of oxygen flow. 

[0020] Figure 8 illustrates the relationship between oxygen flow and o>..')'gen 

partial pressure for a metallic target 

[0021) Figures 9A-9D illustrate the smoothness of transparent conductive oxides 

deposited with ceramic targets according to the present invention. 

[0022) In the figures. elements having the same designation have the same or 

similar function 
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Detailed Description 

[0023] Deposition of materials by pulsed-DC biased reactive ion deposition is 

described in U.S. Patent Application Serial No. 10/101863, entitled "Biased Pulse DC 

Reactive Sputtering of Oxide Films," to Hongmei Zhang, et al., filed on March 16, 

2002. Preparation of targets is described in U.S. Patent Application Serial No. 

10/101,341, entitled ''Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar 

Applications," to Vassiliki Milonopoulou, et al., filed on March 16, 2002. U.S. Patent 

Application Serial No. 10/101863 and U.S. Patent Application Serial No. 10/101,341 

are each assigned to the same assignee as is the present disclosme and each is 

incorporated herein in their entirety. Deposition of oxide materials has also been 

described in U.S. Patent No. 6,506,289, which is also herein incorporated by reference 

in its entirety. Transparent oxide films are deposited utilizing processes similar to 

those specifically described in U.S. Patent No. 6,506,289 and U.S. Application Serial . 

No. 10/101863. 

[0024] Figure IA shows a schematic of a reactor apparatus 10 for sputtering material 

from a target 12 according to the present invention. hl some embodiments, apparatus 

10 may, for example, be adapted from an AK.T-1600 PVD (400 X 500 mm substrate 

size) system from Applied Komatsu or an AK.T-4300 (600 X !20 mm substrate size) 

system from Applied Komatsu, Santa Clara, CA The AK.T-1600 reactor, for 

example, has three deposition chambers connected by a vacuum transport chamber. 

These Komatsu reactors can be modified such that pulsed DC power is supplied to the 

target and RF power is supplied to the substrate during deposition of a material film. 

[0025] Apparatus 10 includes target 12 which is electrically coupled through a filter 

15 to a pulsed DC power supply 14. In some embodiments, target 12 is a wide area 

sputter source target, which provides material to be deposited on a substrate 16. 

Substrate 16 is positioned parallel to and opposite target 12. Target 12 functions as a 

cathode when power is applied to it and is equivalently termed a cathode. Application 

of power to target 12 creates a plasma 53. Substrate 16 is capacitively coupled to an 

electrode 17 through an insulator 54. Electrode 17 can be coupled.to an RF power 

supply 18. A magnet 20 is scanned across the top of target 12. 

[0026) For pulsed reactive de magnetron sputtering, as performed by apparatus 10, 
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the polarity of the power supplied to target 12 by power supply 14 oscillates between 

negative and positive potentials. During the positive period, the insulating layer on 

the surface of target 12 is discharged and arcing is prevented. To obtain arc free 

deposition, the pulsing frequency exceeds a critical frequency that can depend on 

target material, cathode current and reverse time. High quality oxide films can be 

made using reactive pulse DC magnetron sputtering as shown in apparatus 10. 

(0027] Pulsed DC power supply 14 can be any pulsed DC power supply, for example 

an AE Pinnacle plus lOK by Advanced Energy, Inc. With this DC power supply, up 

to 10 kW of pulsed DC power can be supplied at a frequency of between 0 and 350 

KHz. The reverse voltage can be 10% of the negative target voltage. Utilization of 

other power supplies can lead to different power characteristics, frequency 

characteristics and reverse voltage percentages. The reverse time on this embodiment 

of power supply 14 can be adjusted between 0 and S µs. 

[0028) Filter 15 prevents the bias power from power supply 18 from coupling into 

pulsed DC power supply 14. In some embodiments, power supply 18 can be a2 MHz 

RF power supply, for example a Nova-25 power supply made by ENI, Colorado 

Springs, Co. 

[0029] In some embodiments, :fiher 15 can be a 2 MHz sinusoidal band rejection 

filter. In some embodiments, the band width of the fiher can be approximately 100 

kHz. Filter 15, therefore, prevents the 2 MHz power from the bias to substrate 16 

from damaging power supply 18. 

(0030) However, both RF and pulsed DC deposited films are not fully dense and may 

have columnar structures. Columnar structures can be detrimental to thin film 

applications. By applying a RF_ bias on wafer 16 during deposition, the deposited film 

. can be densified by energetic ion bombardment and the columnar structure can be 

substantially eliminated. 

(0031] In the AKT-1600 based system, for example, target 12 can have an active si:z.e 

of about 675.70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have 

dimension about 400 X 500 mm. The temperature of substrate 16 can be held at 

between -50 °C and 500 °C. The distance between target 12 and substrate 16 can be 

between about 3 and about 9 cm Process gas can be inserted into the chamber of 
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apparatus 10 at a rate up to about 200 seem while the pressure in the chamber of 

apparatus 10 can be held at between about .7 and 6 millitorr. Magnet 20 provides a 

'magnetic field of strength between about 400 and about 600 Gauss directed in the 

plane of target 12 and is moved across target 12 at a rate ofless than about 20-30 ' 

sec/scan. In sqme embodiments utilizing the AKT 1600 reactor, magnet 20 can be a 

race-track shaped magnet with dimensions about 150 mm by 600 mm 

[0032) Figure 2 illustrates an example of target 12. A film deposited on a substrate 

positioned on carrier sheet 17 directly opposed to region 52 of target 12 has good 

thickness uniformity. Region 52 is the region shown in.Figure lB that is exposed to a 

uniform plasma condition. In some implementations, carrier 17 can be coextensive 

with region 52. Region 24 shown in Figure 2 indicates the area below which both 

physically and chemically uniform deposition can be achieved, for example where 

physical and chemical uniformity provide refractive index uniformity. Figure 2 

indicates region 52 of target 12 that provides thickness uniformity is, in general, 

larger than region 24 of target 12 providing thickness and chemical uniformity. In 

optimized processes, however, regions 52 and 24 may be coe>..1:ensive. 

[0033) In some embodiments, magnet 20 extends beyond area 52 in one direction, for 

example the Y direction in Figure 2, so that scanning is necessary in only one 

direction. for example the X direction, to provide a time averaged uniform magnetic 

field. As shown in Figures IA and lB, magnet 20 can be scanned over the entire 

extent of target 12, which is larger than region 52 of uniform sputter erosion. Magnet 

20 is moved in a plane parallel to the plane of target 12. 

(0034) The combination of a uniform target 12 with a target area 52 larger than the 

area of substrate 16 can provide films of highly uniform thickness. Further, the 

material properties of the film deposited can be highly uniform. The conditions of 

sputtering at the target surface, such as the uniformity of erosion. the average 

temperature of the plasma at the target surface and the equilibration of the target 

surface with. the gas phase ambient of the process are uniform over a region which is 

greater than or equal to the region to be coated with a uniform film thickness. In 

addition, the region of uniform film thickness is greater than or equal to the region of 

the film which is to have highly uniform optical properties such as index ofrefraction, 
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density, transmission or absorptivity. 

[0035) Target 12 can be formed of any materials. Typically metallic materials, for 

example, include combinations ofln and Sn. Therefore, in some embodiments, target 

12 includes a metallic target material formed :from interrnetallic compounds of optical 

elements such as Si, Al, Er and Yb. Additionally, target 12 can be formed, for 

example, from materials such as La, Yt, Ag, Au, and Eu. To form optically active 

films on substrate 16, target 12 can include rare-earth ions. In some embodiments of 

target 12 with rare earth ions, the rare earth ions can be pre-alloyed with the metallic 

host components to form intermetallics. See U.S. Application Serial No. 10/101,341. 

Typical ceramic target materials include alumina, silica, alumina silicates, and other 

such materials. 

[0036) In some embodiments of the invention, material tiles are formed. These tiles 

can be mounted on a backing plate to form a target for apparatus 10. A wide area 

sputter cathode target can be formed from a close packed array of smaller tiles. Target 

12, therefore, may include any number of tiles, for example between 2 to 20 

individual tiles. Tiles can be finished to a size so as to provide a margin of non

contact, tile to tile, less than about 0. O 1 O" to about 0. 020" or less than half a 

millimeter so as to eliminate plasma processes that may occur between adjacent ones 

of tiles 30. The distance between tiles of target 12 and the dark space anode or gro\Uld 

shield 19 in Figure lB can be somewhat larger so as to provide non contact assembly 

or to provide for thermal eJ1.."Pansion tolerance during process chamber conditioning or 

operation. 

[0037] As shown in Figure 1 B, a uniform plasma condition can be created in the 

region between target 12 and substrate 16 in a region overlying substrate 16. A 

plasma 53 can .be created in region 51, which a1ends under the entire target 12. A 

central region 52 of target 12 can experience a condition of uniform sputter erosion. . 

As discussed further below, a layer deposited on a substrate placed anywhere below 

central region 52 can then be uniform in thickness and other properties (i.e., dielectric, 

optical index, or material concentrations). In addition, region 52 in which deposition 

provides uniformity of deposited film can be larger than the area in which the 

deposition provides a film with uniform physical or optical properties such as 
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chemical composition or index of refraction. In some embodiments, target 12 is 

substantially planar in order to provide uniformity in the film deposited on substrate 

16. In practice, planarity of target 12 can mean that all portions of the target surface 

in region 52 are within a few millimeters of a planar surface, and can be typically 

within 0.5 mm of a planar surface. 

[0038] Reactive gases that provide a constant supply of ionic oxygen to keep the 

target surface oxidized can be provided to expand the process window. Some 

examples of the gases that can be utilized for controlling surface oxidation are C~ 

water vapor, hydrogen, N20, fluorine, helium, and cesium. Additionally, a feedback 

. control system can be incorporated to control the m~-ygen partial pressure in the 

reactive chamber. Therefore, a wide range of o>.-ygen flow rates can be controlled to 

keep a steady oxygen partial pressure in the resulting plasma Other types of control 

systems such as target voltage control and optical plasma emission control systems 

can also be utilized to control the surface oxidation of the target. As shown in Figure 

IA, power to target 12 can be controlled in a feedback loop at supply 14. Further,· 

oxygen partial pressure controller 20 can control either oxygen or argon partial 

pressures in plasma 53. 

(0039) In some embodiments, transparent conductive oxides can be deposited on 

various substrates utilizing an inidium-tin (In/Sn) metallic target. A series of 

depositions on glass in accordance with the present invention is illustrated in Table l 

The parameters in the process column of Table I are in the format (pulsed DC 

power/RF bias power/pulsing frequency/reverse time/deposition time/ Ar flow 

(sccms)/<h flow (seems)). An indium-tin (In/Sn: 90o/o/10% by weight) target using a 

reactive-pulsed DC (RPDC) process such as that described in U.S. Application Serial 

No. 10/101,863 was utilized. A power supply with 2MHz RF bias applied to 

substrate 16 was utilized in the process. Along with the process parameters for each 

o{the separate depositions, each defined by a "Slot" number in the first column, 1he 

target voltage. and target current ran~es for each of the depositions is also listed. 

[0040) Table 2 shows the results obtained by using the process parameters in 

Table 1. The results include the sheet resistance, thickness, bulk resistivity, and 

refractive indices of the resulting films. Again, the first column indicates the slot 
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number of the deposition. The process for each slot number is reiterated in column 2 

of Table 2. The sheet resistance of selected ones of the films resulting from the 

deposition is listed in the third column and the unif onnity of the sheet resistance is 

indicated in the fourth column. The thickness of the film and its uniformity of each of 

the films deposited by the indicated process is indicated in the fifth and si>..'th columns. 

The bulk resistance of selected ones of the films, p, is also ipdicated. Additionally, 

the refractive index taken at 632 run is indicated along with the film uniformity of that 

index. The comments section of Table 2 indicates whether the resulting film is 

transparent, translucent, or metallic in character. 

[0041] Figure 3A shows the Atomic Force Microscopy (AFM) image of an ITO 

film produced· by the process identified in slot #5 in tables 1 and 2. That process, with 

particularly low oxygen flow rates (24 seem), produced a rough film with an Ra of 

about 70 A and an Rms of about 90 A. The film also appears to be metallic with 1his · 

particular oxygen flow and the film roughness is high. Such a film could be 

applicable to large surface area requirements, for example solar cell applications. 

Wile not being limited by any particular theory, it is suspected that the roughne:ss of 

this film reflects the sub-stoichiometric nature of the film caused by insufficient 

oxygen flow in the plasma As can be seen in Figure 3B, where the oxygen flow 

during deposition has been significantly increased to about 36 seem, the film is 

smooth. 

[0042] Figure 3B shows an Atomic Force Microscopy (AFM) image of an ITO 

film deposited using the process described in slot #19 of Tables 1 and 2. In that 

process, the oxygen flow rate is increased to 36 seem. The film appears to be 

transparent and conductive and the surface roughness is -6A Ra and Rms of about 13 

A, which is acceptable for OLEO requirements. As can be seen from Figures 3A and 

3B, variation in oxygen partial pressure (as indicated by increased flow rate) bas a 

large influence on the characteristics of the resulting deposited film. 

(0043] The resistivity of the film layer and the smoothness of the film layer can be 

related. In general, the higher the resistivity of the film layer, the smoother the film 

layer. Figure 4 shows the variation of bulk resistivity of the ITO as a ftmction of the 

. oxygen flow rate used for two different target powers before and after a·25o °C anneal 
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in vacuwn The bulk resistivity of the film exhibits a sudden transition downward as 

the oxygen flow rate is lowered. This transition occurs when the target surface 

becomes metallic from being poisoned with oxygen. The data utilized to form 1he 

graph shown in Figure 4 has been taken from Tables 1 and 2. 

[0044) Figure 5 shows the variation of the sheet resistance of an ITO film as 

function of the Qi flow used for two different target powers before and after a 250C 

anneal in vacuum As shown in Figure 5, the sheet resistance follows similar trends as 

the bulk resistivity of the film. 

(0045] Figure 6 shows the target current and voltage (min and max) as a function 

of the oxygen flow rate. The target voltage increases as the oxygen flow rate is 

lowered. It could be seen here that at a 40 seem oxygen flow rate through repeated 

depositions, the target voltage is not constant. llris illustrates the utility of a target 

voltage feedback control system that adjusts the power supplied to target 12 to hold 

the target voltage constant Therefore, as shown in Figure IA, PDC power 14 can 

include feedack loop to control the voltage on target 12. 

[0046) Figure 7 shows the thickness change of a resulting film as a ftmction of 

oxygen flow rate in seem The thickness of the :filrtl increases as the oxygen flow 

decreases but this could make opaque metallic films and so choosing the correct 

ox]'gen flow and utilizing an oxygen flow feedback control system to control material 

characteristics such as, for example, transparency or conductivity can be desirable. 

[0047) In some embodiments, instead of oxj'gen flow rate, oxygen partial pressure 

can be controlled with a feedback system 20 (see Figure IA). Controlling the oxygen 

partial pressure can provide better control over the oxygen content of the plasma, and 

therefore the oxygen content of the resulting films, and allows better control over the 

film characteristics. Figure 8 illus~ates the relationship between the flow rate and 

partial pressure. As can be seen from Figure 8, in order to reach the saturated region 

(e.g., when target 12 is completely poisoned with oxygen), no increase in flow rate is 

required. In some embodiments, reactor 10 can include a partial pressure feedback 

loop controller 20 that controls the oxygen flow in order to maintain a desired partial 

pressure of oxj'gen in the plasma Such a controller can be the IRESS system. that 

can be purchased from Advanced Energy, Inc., Ft Collins, Colorado. It has been 
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found that film parameters such as resistivity, smoothness, and transparency can be 

highly dependent on oxygen partial pressures, and therefore these characteristics of 

the resulting deposited layer can be controlled by adjusting the oxygen partial . 

pressures. 

[0048) Some embodiments of the present invention can be deposited with ceramic 

targets. An example target is an ITO (In/Sn 90/10) ceramic target can be utilized. 

Table 3 illustrates some example processes for deposition of ITO utilizing a ceramic 

target according to the present invention Bulk resistivity, sheet resistance, resistance, 

thicknesses, deposition rates, and index of refraction of the resulting films are shown 

along with the process parameters utilized in the deposition Figure 9A shows an 

AFM depiction of a transparent conductive oxide film corresponding to run #10 in 

Table 3. Figure 9B shows an AFM depiction ofa transparent conductive oxide film 

corresponding to run #14 in Table 3. Figure 9C shows an AFM depiction of a 

transparent conductive oxide film corresponding to run #16 in Table 3~ Figure 9D · 

shows an AFM depiction of a transparent conductive oxide film layer corresponding 

to run #6 in Table 3. 

[0049) Figures 9 A through 90 illustrate the roughnesses of selective depositions 

of ITO deposited utilizing the ceramic target. In Figure 9A, the roughest surface 

shown, the film was deposited using 3kW RF power, lOOW bias, 3 seem O:z and 60 

seem Ar at a temperature of280 °C. The layer grew to a thickness of 1200 A in 100 

seconds of deposition time and exhibited a sheet resistance of 51 ohms/sq. The 

roughness illustrated in Figure 9A is characterized by an Ra=2.3 nm and ~ of21 

. nm. 

[0050) The ITO film shown in Figure 9B was deposited using 3 kW RF power, 

300 W bias, 3 seem Ch and 60 seem Ar at a temperature of 280 °C. The layer 

illustrated in Figure 9B grew to a thickness of 1199 A in 100 sec. The layer in Figure 

9B exhibited a sheet resistance of 39 ohms/sq. The roughness illustrated in Figure 9B 

is characterized by an Ra=I.1 nm and Rmax of13 run. 

[0051) The ITO film shown in Figure 9C was deposited using 3 kW RF power, 

300 W bias, 3 seem Oi, 30 seem Ar at a temperatl.U'e of 280 °C. The layer grew to a 

thickness of 1227 A in 100 seconds of deposition time and exhibited a sheet resistance 
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of 57 ohms/sq. The roughness illustrated in Figure 9C can be characterized by an 

Ra=0.88 nm and a Rrnax of 19.8 nm. 
(0052) Figure 9D was deposited using 1.5 kW RF power, 300 W bias, 0 seem Ch. 
30 seem Ar at a temperature of 280 C. The layer grew to a thickness of 580 A in 100 

seconds of deposition time and exhibited a sheet resistance of 106 ohms/sq. The 

roughness illustrated in Figure 9C can be characterized by an Ra=0.45 nm and an 
Rmax of 4.6 run. 

[0053) Utilizing the example depositions described herein, the roughness and 

resistivity of a transparent oxide film can be tuned to particular applications. In 

general, particularly high resistivities can be obtained, which are useful for touch 

sensitive devices. As shown in Table 3, the sheet resistance ranged from about 39 

n/sq for trial# 14 to a high of 12,284 n/sq for trial #1. Careful variation of the 

process parameters, therefore, allow control of sheet resistance over an e>..1remely 

broad range. Low resistivities can be obtained by adjusting the process parameters for 

uses in devices such as OLEDS and MEMS display devices. As is illustrated in Table 

3, the bulk resistivity can be controlled to be betWeen about 2E-4 micro-ohms-cm to 

about 0.1 micro-ohms-cm Additionally, other parameters such as refractive index. 

and transparency of the film can be controlled. 

(0054) Further, deposition of transparent conductive oxide layers, for example 

ITO, can be doped with rare-earth ions, for example erbium or ceriuril, can be utilized 

to form color-conversion layers and light-emission sources. In some embodiments, a 

rare-earth doped target can be made in a single piece to insure uniformity of doping. 

Co-doping can be accomplished in the target 

(0055) Similar processes for other metallic conductive oxides can also be 

developed. For example, deposition of zinc oxide films. Further, as can be seen in 

the examples shown in Table 3, low temperature depositions can be perfonned. For 

example, transparent conductive oxides according to the present invention can be 

deposited at temperatures as low as about 100 °C. Such low temperature depositions 

can be important for depositions on temperature sensitive materials such as plastics. 

(0056) Other thin film layers according to the present invention include deposition 

of other metal oxides to form conducting and semi-conducting films. Thin films 
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formed according to the present invention can be utilized in many devices, including, 

but not limited to, displays, photovoltaics, photosensors, touchscreens, and EMI 

shielding. 

{00571 Embodiments of the invention disclosed here are examples only.and are 

not intended to be limiting. Further, one skilled in the art will recognize variations in 

the embodiments of the invention described herein which are intended to be included 

within the scope and spirit of the present disclosure. As such, the invention is limited 

only by the following claims. 
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WO 2004/106581 PCT/US2004/0J4523 

Oaims 

We claim: 

1. A method offonning a transparent conductive oxide film, comprising: 

depositing the transparent conductive oxide film in a pulsed DC reactive ion 

process with substrate bias; and 

controlling at least one process parameter to provide at least one characteristic 

of the conductive oxide film at a particular value. 

2. The method of cJaim l, wherein controJling at least one process parameter includes 

controlling the o-,,.-ygen partial pressure. 

3. The method of claim l, wherein the transparent conductive oxide film includes 

indiuim-tin oxide. 

4. The method of claim 1, wherein the at least one characteristic includes sheet 

resistance. 

5. The method of claim l, wherein the at least one characteristic includes film 

roughness. 

6. The method of claim 5, wherein the transparent conductive oxide film includes an 

indium-tin oxide film and the film roughness is characterized by Ra Jess than about 10 

nm with Rms ofless than about 20 nm. 

7. The method of claim 4, wherein the bulk resistance can be varied between about 

2x10-4 micro-ohms-cm to about 0.1 micro-ohms-cm 

8. The method of claim l, wherein the at least one process parameter includes a 

power supplied to a target. 

9. The method of claim l, wherein the at least one process parameter includes an 
oxygen partial pressure. 

10. The method of cJaim l, wherein the at least one process parameter includes bias 

power. 

11. The method of claim 1, wherein the at least one process parameter includes 

deposition temperature. 

12. The method of claim 1, wherein the at least one process parameter includes an 
argon partial pressure. 

13. The method of claim l, further including supplying a metallic target. 

18 
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14. The method of claim 1, further including supplying a ceramic target 

15. The method of claim 1, wherein the transparent conductive oxide film is doped 

with at least one rare-earth ions. 

16. The method of claim 15, wherein the at least one rare-earth ions includes erbium 

17. The method of claim 15, wherein the at least one rare-earth ions includes cerium 

18. A method of depositing a transparent conductive oxide film on a substrate. 

comprising: 

placin~ the substrate in a reaction chamber; 

adjusting power to a pulsed DC power supply coupled to a target in the 

reaction chamber; 

adjusting an RF bias power coupled to the substrate; 

adjusting gas flow into the reaction chamber; and 

providing a magnetic field at the target in order to direct deposition of the 

transparent conductive oxide film on the substrate in a pulsed-de biased reactive-ion 

deposition process, wherein the transparent conductive oxide film exhibits at least one 

particular property. 

19. The method of claim 18, wherein at least one particular property of the 

transparent conductive oxide film is determined by parameters of the pulsed-de biased 

reactive ion deposition process. 

20. The method of claim 19, wherein the at least one particular property includes 

resistivity of the transparent conductive oxide film. 

21. The method of claim 19, wherein the transparent conductive oxide film includes 

an indium-tin oxide film 

22. The method of claim 19, wherein the parameters include oxygen partial pressur-e. 

23. The method of claim 19, wherein the parameters include bias power. 

24. The method of claim 18, wherein the target can include at least one rare-earth 

ions. 

25. The method of claim 24, wherein the at least one rare-earth ions includes erbium 

26. The method of claim 24, wherein the at least one rare-earth ion includes cerbium 

. 19 
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Energy Conversion and Storage Films and Devices by Physical Vapor Deposition 

of Titanium and Titanium Oxides and sub-Oxides 

Related Applications 

The present invention claims priority to U.S. Provisional Application Serial 

No. 60/473,375, "Energy Conversion and Storage Devices by Physical Vapor 

Deposition of Titanium Oxides and Sub-Oxides," by Richard E. Demaray and Hong 

Mei Zhang, filed on May 23, 2003, herein incorporated by reference in its entirety. 

Background 

1 .. Field of the Invention 

[0001] The present invention is related to fabrication of thin films for planar 

energy and charge storage and energy conversion and, in particular, thin films 

deposited of titanium and titanium oxides, sub oxides, and rare earth doped titanium 

oxides and sub oxides for planar energy and charge storage and energy conversion. 

2. Discussion of Related Art 

[0002] Currently, titanium oxide layers are not utilized commercially in energy 

storage, charge storage, or energy conversion systems because such layers are 

difficult to deposit, ~fficult to etch, are known to have larg~ concentrations of 

defects, and have poor insulation properties due to a propensity for oxygen deficiency 

and the diffusion of oxygen defects in the layers. Additionally, amorphous titania is 

difficult to deposit due to its low recrystalization temperature (about 250 °C), above 

which the deposited layer is often a mixture of crystalline anatase and rutile 

structures. 

[0003) However, such amorphous titania layers, if they can be deposited in 

sufficient quality, have potential due to their high optical index, n-2.7, and their high 

dielectric constant, k less than or equal to about 100. Further, they have substantial 

chemical stability. There are no known volatile halides and titania is uniquely 

resistant to mineral acids. Amorphous titania is thought to have the further advantage 

that there are no grain boundary mechanisms for electrical breakdown, chemical 

corrosion, or optical scattering. It is also well known that the sub oxides of titanium 

have unique and useful properties. See, e.g., Hayfield, P.C.S., "Development of a 
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New Material- Monolithic T401 Ebonix Ceramic", Royal Society Chemistry, ISBN 

0-85405-984-3, 2002. Titanium monoxide, for example, is a conductor with a 

uniquely stable resistivity with varying temperature. Additionally, Th03, which can 

he pinkish in color, is known to have semiconductor type properties. However, these 

materials have not found utilization because of their difficult manufacture in films and 

their susceptibility to oxidation. Further, T407 demonstrates both useful electrical 

conductivity and unusual resistance to oxidation. T401, however, is also difficult to 

fabricate, especially in thin film form. 

(0004] Additional to the difficulty of fabricating titanium oxide or sub oxide 

materials in useful thin film form, it also has proven difficult to dope these materials 

with, for example, rare earth ions, in useful or uniform concentration. 

(0005) Therefore, utilization of titanium oxide and suboxide films, with or 

without rare earth doping, has been significantly limited by previously available thin 

film processes. If such films could be deposited, their usefulness in capacitor, battery, 

and energy conversion and storage technologies would provide for many value-added 

applications: 

(0006] Current practice for construction of capacitor and resistor arrays and for 

thin filqi energy storage devices is to utilize a conductive substrate or to deposit the 

metal conductor or electrode , the resistor layer, and the dielectric capacitor films 

from various material systems. Such material systems for vacuum thin films, for 

example, include copper, aluminum, nickel, platinum, chrome, or gold depositions, as 

well as conductive oxides such as ITO, doped zinc oxide, or other conducting 

materials. 

[0007] Materials such as chrome-silicon monoxide or tantalum nitride are known 

to provide resistive layers with I 00 parts per million or less resistivity change per 

degree Centigrade for operation within typical operating parameters. A wide range of 

dielectric materials such as silica, silicon nitride, alumina, or tantalum pentox:ide can 

be utilized for the capacitor layer. These materials typically have dielectric constants 

k of less than about twenty four (24). In contrast, Ti02 either in the pure rutile phase 

or in the pure amorphous state can demonstrate a dielectric constant as high as 100. 

See,' e.g., RB. van Dover, "Amorphous Lanthanide-Doped Ti02 Dielectric Films," 

2 
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Appl. Phys Lett., Vol. 74, no. 20, p. 3041-43 (May 17, 1999). 

(0008) It is well known that the dielectric strength of a material decreases with 

increasing value of dielectric constant k for all dielectric films. A 'figure of merit' ( 

FM) is therefore obtained by the product of the dielectric constant k and the dielectric 

strength measured in Volts per cm of dielectric thickness. Capacitive density of 

10,000 to 12,000 pico Farads /mm2 is very difficult to achieve with present 

conductors and dielectrics. Current practice for reactive deposition of titanium oxide 

has achieved a figure-of-merit, FM, of about 50 (kMV/cm). See J.-Y. Kim et al., 

"Frequency-Dependent Pulsed Direct Current Magnetron Sputtering of Titanium 

Oxide Films," J. Vac. Sci. Technol. A 19(2), Mar/Apr 2001. 

(0009) Therefore, there is an ongoing need for titanium oxide and titanium sub

oxide layers, and rare-earth doped titanium oxide and titanium sub-oxide layers, for 

various applications. 

Summary 

[0010] In accordance with the present invention, high density oxide films are 

deposited by a pulsed-DC, biased, re~ctive sputtering process from a titanium 

containing target. A method of forming a titanium based layer or film according to 

the present invention includes depositing a layer of titanium containing oxide 

by pulsed-DC, biased reactive sputtering process on a substrate. In some 

embodiments, the layer is Ti02• In some embodiments, the layer is a sub-oxide of 

Titanium. In some embodiments, the layer is TixOy wherein x is between about 1 and 

about 4 and y is between about 1 and about 7. 

(0011) In some embodiments of the invention, the figure of merit of the layer is 

greater than 50. In some embodiments of the invention, the layer can be deposited 

between conducting layers to form a capacitor. In some embodiments of the 

invention, the layer includes at least one rare-earth ion. In some embodiments of the 

invention, the at least one rare-earth ion includes erbium. In some embodiments of 

the invention, the erbium doped layer can be deposited between conducting layers to 

form a light.:.emitting device. In some embodiments of the invention, the erbium 

doped layer can be an optically active layer deposited on a light-emitting device. In 

some embodiments of the invention, the layer. can be a protective layer. In some 

3 
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embodiments, the protective layer can be a catalytic layer. 

[0012) In some embodiments of the invention, the layer and a Ti02 layer can be 

deposited between conducting layers to form a capacitor with decreased roll-off 

characteristics with decreasing thickness of the Ti02 layer. In some embodiments, the 

Ti02 layer can be a layer deposited according to some embodiments of the present 

invention. 

[0013] These and other embodiments of the present invention are further 

discussed below with reference to the following figures. 

Short Description of the Figures 

[0014] Figures lA and IB illustrate a pulsed-DC biased reactive ion deposition 

apparatus that can be utilized in the deposition according to the present invention. 

[0015) Figure 2 shows an example of a target that can be utilized in the reactor 

illustrated in Figures IA and lB. 

[0016] Figures 3A and 3B illustrate various configurations oflayers according to 

embodiments of the present invention. 

[0017] Figures 4A and 4B illustrate further various configurations Mlayers 

according to embodiments of the present invention. 

[0018] Figure 5 shows another layer structure involving one or more layers 

according to the present invention. 

[0019] Figure 6 shows a transistor gate with a TiOy layer according to the present 

invention. 

[0020] Figure 7 illustrates the roll-off of the dielectric constant with decreasing 

film thickness. 

[0021] Figure 8 illustrates data points from a bottom electrode that helps reduce or 

eliminate the roll-off illustrated in Figure 7. 

(0022) Figures 9A and 9B illustrate an SEM cross-section of a Ti4Ch target 

obtained from Ebonex™ and an SEM cross section of the T406.s film deposited from 

the Ebonex™ target according to the present invention. 

[0023) Figure 10 shows the industry standard of thin-film capacitor performance 

in comparison with layers according to some embodiments of the present invention. 

[0024) Figure 11 shows the performance of various thin films deposited according 

4 
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to the present invention in a capacitor structure. 

(0025] Figure 12 shows a cross-section TEM and diffraction pattern amorphous 

and crystalline layers ofTi02 on n++ wafers. 

(0026] Figure 13 shows a comparison of the leakage current for Ti02 films 

according to embodiments of the present invention with and without erbium ion 

doping. 

[0027) Figures 14A and 14B show a photoluminescence signal measured from a 

5000 A layer of 10% erbium containing Ti02 deposited from a 10% erbium doped 

TiO conductive target and a photoluminescence signal measured from the same layer 

after a 30 minute 250 °C anneal. 

(0028] In the figures, elements having the same designation have the same or 

similar functions. 

Detailed Description 

[0029) Miniaturization is driving the form factor of portable electronic 

components. Thin film dielectrics with high dielectric constants and breakdown 

strengths allow production of high density capacitor arrays for mobile 

communications devices and on-chip high-dielectric capacitors for advanced CMOS 

processes. Thick film dielectrics for high energy storage capacitors allow production 

of portable power devices. 

(0030] Some embodiments of films deposited according to the present invention 

have a combination of high dielectric and high breakdown voltages. Newly 

developed electrode materials allow the production of very thin films with high 

capacitance density. The combination of high dielectric and high breakdown voltages 

produce thick films with new levels of available energy storage according to 

E=l/2CV2
. 

[0031) Deposition of materials by pulsed-DC biased reactive ion deposition is 

described in U.S. Patent Application Serial No. 10/101863, entitled "Biased Pulse DC 

Reactive Sputtering of Oxide Films," to Hongmei Zhang, et al., filed on March 16, 

2002. Preparation of targets is described in U.S. Patent Application Serial No. 

10/101,341, entitled "Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar 

Applications," to Vassiliki Milonopoulou, et al., filed on March 16, 2002. U.S. Patent 

5 
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Application Serial No. 10/101863 and U.S. Patent Application Serial No. 10/101,341 

are each assigned to the same assignee as is the present disclosure and each is 

incorporated herein in their entirety. Additionally, deposition of materials is further 

described in U.S. Patent 6,506,289, which is also herein incorporated by reference in 

its entirety. 

(0032] Figure IA shows a schematic of a reactor apparatus 10 for sputtering of 

material from a target 12 according to the present invention. In some embodiments, 

apparatus 10 may, for example, be adapted from an AKT-1600 PVD (400 X 500 mm 

substrate size) system from Applied Komatsu or an AKT-4300 (600 X 720 mm 

substrate size) system from Applied Komatsu, Santa Clara, CA The AKT-1600 

reactor, for example, has three deposition chambers connected by a vacuum transport 

chamber. These AKT reactors can be modified such that pulsed DC (PDC) power is 

supplied to the target and RF power is supplied to the substrate during deposition of a 

material film. The PDC power supply 14 can be protected from RF bias power 18 by 

use of a filter 15 coupled between PDC power supply 14 and target 12. 

(0033] Apparatus 10 includes a target 12 which is electrically coupled through a filter 

15 to a pulsed DC power supply 14. In some embodiments, target 12 is a wide area 

sputter source target, which provides material to be deposited on substrate 16. 

Substrate 16 is positioned parallel to and opposite target 12. Target 12 functions as a 

cathode when power is applied to it and is equivalently termed a cathode. Application 

of power to target 12 creates a plasma 53. Substrate 16 is capacitively coupled to an 

electrode 17 through an insulator 54. Electrode. 17 can be coupled to an RF power 

supply 18. Magnet 20 is scanned across the top of target 12. 

[0034) For pulsed reactive de magnetron sputtering, as performed by apparatus 10, 

the polarity of the power supplied to target 12 by power supply 14 oscillates between 

negative and positive potentials. During the positive period, the insulating layer on 

the surface of target 12 is discharged and arcing is prevented. To obtain arc free 

deposition, the pulsing frequency exceeds a critical frequency that depends on target 

material, cathode current and reverse time. High quality oxide films can be made 

using reactive pulsed DC magnetron sputtering in apparatus 10. 

[0035) Pulsed DC power supply 14 can be any pulsed DC power supply, for example 
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an AE Pinnacle plus lOK by Advanced Energy, Inc. With this example supply, up to 

10 kW of pulsed DC power can be supplied at a frequency of between 0 and 350 

KHz. In some embodiments, the reverse voltage is 10% of the negative target 

voltage. Utilization of other power supplies will lead to different power 

characteristics, frequency characteristics, and reverse voltage percentages. The 

reverse time on this embodiment of power supply 14 can be adjusted to between 0 and 

5 µs. 

[0036] Filter 15 prevents the bias power from power supply 18 from coupling into 

pulsed DC power supply 14. In some embodiments, power supply 18 can be a 2 MHz 

RF power supply, for example a Nova-25 power supply made by ENI, Colorado 

Springs, Co. 

[0037] Therefore, filter 15 can be a 2 :MHz band sinusoidal rejection filter. In some 

embodiments, the bandwidth of the filter can be approximately 100 kHz. Filter 15, 

therefore, prevents the 2 :MHz power from the bias to substrate 16 from damaging 

power supply 18. 

[0038] However, both RF sputtered and pulsed DC sputtered films are not fully dense 

and may typically have columnar structures. These columnar structures are 

detrimental to thin film applications. By applying a RF bias on wafer 16 during 

deposition, the deposited film can be densified by energetic ion bombardment and the 

columnar structure can be substantially eliminated or completely eliminated. 

[0039] In the AKT-1600 based system, for example, target 12 can have an active size 

of about 675.70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have 

dimension about 400 X 500 mm. The temperature of substrate 16 can be held at 

between -SOC and 500C by introduction of back-side gas in a physical or electrostatic 

clamping of the substrate, thermo-electric cooling, electrical heating, or other methods 

of active temperature control. In Figure IA, a temperature controller 22 is shown to 

control the temperature of substrate 16. The distance between target 12 and substrate 

16 can be between about 3 and about 9 cm. Process gas can be inserted into the 

chamber of apparatus 10 at a rate up to about 200 seem while the pressure in the 

chamber of apparatus 10 can be held at between about .7 and 6 millitorr. Magnet 20 

provides a magnetic field of strength between about 400 and about 600 Gauss directed 
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in the plane of target 12 and is moved across target 12 at a rate ofless than about 20-

30 sec/scan. In some embodiments utilizing the A.KT 1600 reactor, magnet 20 can be 

a race-track shaped magnet with dimension about 150 mm by 600 mm. 

(0040] Figure 2 illustrates an example of target 12. A film deposited on a substrate 

positioned on carrier sheet 17 directly opposed to region 52 of target 12 has good 

thickness uniformity. Region 52 is the region shown in Figure lB that is exposed to a 

uniform plasma condition. In some implementations, carrier 17 can be coextensive 

with region 52. Region 24 shown in Figure 2 indicates the area below which both 

physically and chemically uniform deposition can be achieved, where physical and 

chemical uniformity provide refractive index uniformity, for example. Figure 2 

indicates that region 52 of target 12 that provides thickness uniformity is, in general, 

larger than region 24 of target 12 providing thickness and chemical uniformity. In 

optimized processes, however, regions 52 and 24 may be coextensive. 

[0041) In some embodiments, magnet 20 extends beyond area 52 in one direction, the 

Y direction in Figure 2, so that scanning is necessary in only one direction, .the X 

direction, to provide a time averaged uniform magnetic field. As shown in Figures 

lA and lB, magnet 20 can be scanned over the entire extent of target 12, which is 

larger than region 52 of uniform sputter erosion. Magnet 20 is moved in a plane 

parallel to the plane of target 12. 

(0042) The combination of a uniform target 12 with a target area 52 larger than the 

area of substrate 16 can provide films of highly uniform thickness. Further, the 

material properties of the film deposited can be highly uiliform. The conditions of 

sputtering at the surface of target 12, such as the uniformity of erosion, the average 

temperature of the plasma at the target surface and the equilibration of the target 

surface with the gas phase ambient of the process are uniform over a region which is 

greater than or equal to the region to be coated with a uniform film thickness. In 

addition, the region of uniform film thickness is greater than or equal to the region of 

the film which is to have highly uniform optical properties such as index of refraction, 

density, transmission, or absorptivity. 

(0043] Target 12 can be formed of any materials, but is typically metallic materials 

such as, for example, combinations of In and Sn. Therefore, in some embodiments, 
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target 12 includes a metallic target material formed from intermetallic compounds of 

optical elements such as Si, Al, Er and Yb. Additionally, target 12 can be formed, for 

example, from materials such as La, Yt, Ag, Au, and Eu. To form optically active 

films on substrate 16, target 12 can include rare-earth ions. In some embodiments of 

target 12 with rare earth ions, the rare earth ions can be pre-alloyed with the metallic 

host components to form imermetallics. See U.S. AppHcation Serial No. 10/101,341. 

[0044] In several embodiments of the invention, material tiles are formed. These tiles 

can be mounted on a backing plate to form a target for apparatus 10. A wide area 

sputter cathode target can be formed from a close packed array of smaller tiles. Target 

12, therefore, may include any number of tiles, for example between 2 to 20 

individual tiles. Tiles are finished to a size so as to provide a margin of non-contact, 

tile to tile, less than about 0. 01 O" to about 0. 020" or less than half a millimeter so as 

to eliminate plasma processes that may occur between adjacent ones of the tiles. The 

distance between the tiles of target 12 and the dark space anode or ground shield 19 in 

Figure lB can be somewhat larger so as to provide non contact assembly or, provide 

for thermal expansion tolerance during processing, chamber conditioning, or 

operation. 

(0045) As shown in Figure IB, a uniform plasma condition can be created in the 

region between target 12 and substrate 16 in a region overlying substrate 16. A 

plasma 53 can be created in region 51, which extends under the entire target 12. A 

central region 52 of target 12, can experience a condition of uniform sputter erosion. 

As discussed further below, a layer deposited on a substrate placed anywhere below 

central region 52 can then be uniform in thickness and other properties (i.e., dielectric, 

optical index, or material concentrations). In addition, region 52 in which deposition 

provides uniformity of deposited film can be larger than the area in which the 

deposition provides a film with uniform physical or optical properties such as 

chemical composition or index of refraction. In some embodiments, target 12 is 

substantially planar in order to provide uniformity in the film deposited on substrate 

16. In practice, planarity of target 12 can mean that all portions of the target surface 

in region 52 are within a few millimeters of a planar surface, and can be typically 

within 0.5 mm of a planar surface. 
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[0046] Figure 3 A illustrates deposition of a layer 102 according to the present 

invention deposited on a substrate 101. In some embodiments, layer 102 can be a 

conducting protective layer of TiOy. Figure 3B shows a first layer 102 according to 
' 

the present invention deposited over a second layer 103, which can also be a layer 

according to some embodiments of the present invention. In some embodiments, first 

layer 102 can be a conducting protective layer and second layer 103 can be a titanium 

or other conducting layer. Layer 103 is deposited on substrate 1O1. 

[0047] The fabrication of high density capacitor and resistor arrays as well as high 

energy storage solid state devices can be a~omplished with embodiments of 

processes according to the present invention on· a wide variety of substrates such as 

silicon wafers or glass or plastic sheets at low temperature and over wide area. With 

reference to Figure 3B, layer 102 can be an amorphous film ofTi02, which is 

deposited by a process such as that described in U.S. Application Serial No. 

10/101,341. Utilization or formation of a conducting layer 103 such as TiO or T401 

between a conducting layer of titanium, which is substrate 101, and the dielectric 

Ti02 layer 102 is shown in the present invention to substantially reduce or eliminate 

the 'roll off' of the dielectric constant k with decreasing film thickness below about 

1000 Angstroms. Consequently, capacitors fabricated from titanium on low 

temperature substrates result in high value planar capacitors and capacitor arrays with 

very high capacitive density and low electrical leakage. Such electrical arrays are 

useful for shielding and filtering and buffering high frequency and may be used in 

stationary as well as in portable electronic devices. 

(0048] In particular, the low temperature deposition of amorphous titania 

capacitors provides for the fiibrication of integrated passive electronic circuits on 

plastic and glass. It also provides for the integration of such devices on other 

electronic devices and arrays at low temperature. 

[0049] Similarly, a conducting layer ofTiO or T40, as layer 103 in Figure 3B, 

deposited between a conducting layer of titanium as layer 101 and a layer oftitania as 

layer 102 of Figure 3B can be deposited so as to provide an increase in the surface 

smoothness by planarization of the titanium in layer 101 or other metallurgical 

conductive substrate layer 101 ofFigure 3B. Consequently, roughness or asperity 
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based defects can be minimized or eliminated. As an example, charge injection from 

a metallurgical electrode can be decreased at the interface with a dielectric. The 

titanium based dielectric layer can be formed on a smooth conducting oxide layer, 

which according to some theories can prevent charge depletion of the high k dielectric 
I 

layer, decrease point charge accumulation and support dipole formation at the 

conductor-dielectric interface, sometimes referred to as dipole coupling. These 

features are important to prevent the roll-off of the dielectric strength of the dielectric 

layer as the layer thi.ckness is decreased below about 1000 A. It is consequently 

useful in the formation of thin layers having high capacitive value. 

[0050) A thick film of dielectric material may be deposited having a high 

dielectric strength for the storage of electrical energy. Such energy is well known to 

increases with the square of the applied Voltage. For example, in Figure 3B layer 102 

can be a thick layer of dielectric according to the present invention. Layer 104 in 

Figure 3B, then, can be a conducting layer deposited on layer 102 while layer 103 is a 

conducting layer deposited between a substrate 101 and layer 102 to form a capacitor. 

As the dielectric strength of the amorphous dielectric layer oflayer 102 increases in 

proportion to it's thickness, the energy storage also increases effectively as the square 

of the thickness. It is shown that both record capacitance density and electrical 

energy storage density result for films according to the present invention. For thick 

film applications, smoothing of the metallurgical electrode by a conductive sub-oxide 

can decrease leakage at the interface in high voltage applications. 

(0051) Protective conductive sub-oxide films of titanium can also be deposited on 

conductive and insulating substrates to protect them from harmful chemical attack 

while acting as conducting layers. For example, as illustrated in Figure 3A layer I 02 

can be a protective conductive sub-oxide film deposited on substrate 101. These 

layers can be used to protect an electrode, which can be substrate 101, from oxidation 

in the gas phase and in the liquid phase as well as the solid phase. Examples of such 

applications include electrolytic energy storage or as an· active electrode surface for 

catalytic reactions and energy conversion such as in the oxygen-hydrogen fuel cell. 

Transparent oxides and semi-transparent sub-oxides can be deposited sequentially so 

that the conducting sub-oxides are protected by the transparent non-conducting oxides 
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for purposes of photovoltaic or electrochromic energy conversion devices. It is well 

known that organic based photovoltaic cells are enhanced by the presence of titania in 

the organic absorbing layer. Layers according to the present invention can be utilized 

both for the conductivity of electricity, the enhancement of the organic absorber, as 

well as the overall protection of the device. 

(0052) Ti02 layers, for example, can photocatylitically produce ozone in the 

presence of sunlight. However, in the course of such activity, the Ti02 layer can build 

up a fixed charge. Absent a metallurgical conductor, as shown in Figure 3B layer 102 

can be a catalytic oxide while layer 103 can be a conducting suboxide while substrate 

101 is a dielectric substrate.such as glass or plastic and layer 104 is absent. In such a 

two-layer device, where the oxide is provided on the surface of the sub-oxide, the sub

oxide can form an electrode so that electric charge can be conducted to the oxide layer 

for enhanced photochemical photalysis such as in an AC device, or for the purpose of 

charge dissipation. 

(0053) Protective conductive sub-oxide films of titanium can also be deposited on 

conductive and insulating substrates to protect them from harmful chemical attack 

while acting as conducting layers for electrolytic energy storage or as an active 

electrode for catalytic energy conversion. Transparent and semi-transparent oxides 

can be deposited sequentially so that the conducting suboxides are protected by the 

transparent non-conducting oxide for purposes of protecting layered devices. 

Alternatively, it is well known that certain crystalline suboxides oftitania, collectively 

referred to as Magnelli phases, posses unusual levels of durability to mineral acid 

solutions and other corrosive gassious or liquid environments. Hayfield, P.C.S., 

"Development of a New Material- Monolithic Ti401 Ebonix Ceramic", Royal Society 

Chemistry, ISBN 0-85405-984-3, 2002 describes these in detail and discusses many 

applications of the monolithic suboxides. Hayfield also explains that the basis of 

conductivity of sub-oxides is due to the presence of the Ti+2 cation in layers having 

the stoichometry TiO. Of the several compositions, T401 in particular is known to 

posses both useful conductivity and also chemical resistance to both anodization, 

which would decrease it's conductivity, as well as reduction, which would decrease 

it's chemical durability. Therefore, as shown in Figure 3A, substrate 101 can be a 
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metallurgical substrate such as aluminum or titanium and layer 102 can be T401. An 

example is the catalytic ofH2 and 0 2 to make water and electricity. 

[0054] In this disclosure, an amorphous coating layer according to embodiments 

of the present invention, derived from a crystalline target ofT40?, can obtain a 

similar composition as described above, measured as T406.8· Similar useful levels of 

chemical conductivity can be obtained. The sputtered film was dense, adherent, and 

also displayed robust durability to immersion in concentrated mineral acid and 

oxidizing solution. A similar material was deposited directly from a titanium target 

using the subject reactive sputtering process. 

(0055] The increaseq density of the amorphous sputtered film according to 

embodiments of the present invention such as film 102 shown in Figure 3A can 

provide high levels of impermeability. Planarization can also be achieved by layer 

102 over structures on substrate 101. Layer 102 can therefore achieve 'atomic' 

smooth surfaces on otherwise rough substrates. The sputtering process according to 

the present invention also allows the formation of a continuous range of 

stoicheometry between what are, in their crystalline environment, 'line compounds' 

with whole number integer ratios of titanium cations to oxygen atoms. In the present 

amorphous films, as long as one Ti+2 has a nearest neighbor cation in the amorphous 

glass matrix with the Ti+2 valence, conductive paths will be available in the sputtered 

film. 

[0056] The sputtered sub-oxides also have the advantage that they can be layered, 

without removal from the vacuum system, with metaliic titanium, other sub-oxides, as 

well as Ti02 for connection to electrical conduction and insulation. This feature 

provides the utility of multi player depositions by integrated processes in one vacuum 

chamber. Where thick films of a particular sub-oxide are desired, a target 12 (Figure 

1) fabricated of the desired sub-oxide can be utilized. TiO is particularly a good 

conductor and possesses very stable resistivity with temperature variation. Th03 is a 

semiconductor. The higher oxygen-containing Magnelli compositions obtain higher 

resistivity as well as increased chemical stability and robustness and can be utilized as 

a resistive layer or as a protective, conductive layer. 

[0057] Erbium doped Ti02 is known to display useful ~evels of 
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photoluminescence. And rare earth doped titanium oxide is known to display 

decreased levels of electrical leakage current under conditions of high electrical field. 

Layer 102 ofFigure 3B, deposited according to some embodiments of the present 

invention, then can be erbium doped Ti02 and therefore displays very high level of 

breakdown and very low leakage under electrical stress. Additionally, a capacitor can 

be formed by deposition of conductors as layers I 03 and 104 on a substrate 101. 

Consequently, capacitive and energy storage devices formed from rare earth doped 

layers formed according to the present invention are extremely useful for very high 

field applications such as capacitors, high voltage dielectric batteries, and electro 

luminescent devices and also for low-leakage devices. 

(0058) A TiO or erebium-doped TiO target, target 12 ofFigure IA, can be formed 

by mixing of TiO powder or TiO powder and Erbium or Erbium-Oxide powder. TiO 

powder can be formed from the partial oxygenation in a controlled furnace. The 

mixed powder is then hipped under a controlled environment (for example hydrogen 

or C02) to a high density to form tiles. As discussed above, such tiles can be mounted 

to form target 12. Additionally, other rare-earth doped titanium containing targets can 

be formed in the same fa~hion. 

[0059] As an example, a layer of erbium doped titania or titania containing alloy 

deposited by means of the present invention, could be coupled as a continuous oxide 

layer to a photo diode constructed proximate to dielectric layer 102 of Figure 3A. 

Such an arrangement could provide an optical means for the measurement of the 

applied electrical field or the leakage current. 

[0060) Alternatively, such a rare earth doped dielectric layer 102 might be 

coupled to conducting transparent oxides so that a light wave device might be 

provided for the conversion of electrical energy to light energy. In another 

embodiment, a titanium oxide containing a rare earth ion can be deposited directly on 

a light emitting diode device so that the rare earth ion can absorb some or all of the 

light emitted by the diode and re-fluoresce that light at another wavelength. In this 

embodiment, layer 102 can be a rare earth containing titanium oxide or sub oxide and 

substrate 101 includes a light emitting diode. An example of this may be the 

conversion of blue light from a LED to yellow-green light by layer 102. In that case, 
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layer 102 may be cerium doped titanium oxide or sub-oxide. Partial absorption of the 

blue light by layer 102 with conversion to yellow-green light by layer 102 would 

result in a white light source. Other colors of light can be obtained by doping the 

titanium oxide or sub-oxide with other rare earth ions. 

[0061) Figures 4A and 4B illustrate further stackings of layers according to 

embodiments of the present invention. For example, layer 201 can be a Ti02 

dielectric protective deposited over a conducting layer 103 on substrate 101. Figure 

4B can show dielectric protective layer 201 deposited over conducting protective 

layer 102 ofTiOy, which is deposited on a metal conducting layer 103 on substrate 

101. The TiOy conducting protective layer can act as a smoothing layer, resulting in a 

better barrier layer in dielectric 201. The end result is a better roll-off characteristic 

than has previously been obtained. 

[0062) ~ general, layer 102 can be formed of any TixOy layer or rare earth doped 

TixOy layer according to thi;: present invention. As illustrated here, layers of various 

compositions of TixOy, with or without rare-earth doping, have various properties. In 

some embodiments of the invention, x can be between about 1 and about 4 and y can 

be between about 1 and about 7. 

,· [0063] Figure 5 shows an example of a capacitor stack according to the present 

invention. A metal conducting layer 103 is deposited on substrate 101. A conducting 

protective layer 102 is deposited over conducting layer 103 and a Ti02 dielectric 

protective layer is deposited over the protective conducting layer 102. Another 

protective conducting layer 102 can be deposited over the Ti02 dielectric layer and a 

metal layer can be deposited over the protective conducting layer 102. The resulting 

capacitor stack has upper and lower smoothing due to the two TiOy layers and results 

in improved roll-off characteristics in the dielectric constant. Such capacitor stacks 

can be very useful in energy storage devices. 

(0064] Figure 6 shows a transistor structure according to the present invention. A 

source 401, drain 402 and gate structure 404 are deposited on a semiconducting 

substrate 403. An intermediate dielectric 400 can then be deposited over the source, 

drain and gate structure. A protective conducting layer 102, which can be formed of 

TiOy, can then be deposited over an opening in the intermediate dielectric layer 400 
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followed by a conducting layer 103. The protective conducting layer 102 prevents 

roll-off of the gate dielectric 404. 

Example 1. Depositio.n ofTi401 film 

[0065] In this example, Ti401 films were deposited using a Pulse DC scanning 

magnetron PVD process as was previously described in U.S. Application Serial No. 

10/101,341. The target was a about Imm thick, about 16.5xl2.5 mm2 tiles of 

titanium oxide target obtained from a sheet ofEbonex™ which compounded of bulk 

Ti40 7 was bonded onto a backing plate. Ebonex™ can be obtained from Atraverda 

Ltd., Oakham Business Park, Mansfield, UK. A pulsed DC generator from Advanced 

Energy (Pinnacle Plus) was used as the target power supply. The pulsing frequency 

can be varied from 0-350 KHz. Reversed duty cycle can be varied from l.3µs to 5µs 

depending on the pulsing frequency. Target power was fixed at 2 KW and pulsing 

frequency was ZOOK.Hz during deposition, Ar flow rate is 1 OOsccm. The deposition 

rate at this condition is 14Alsec over a 40 by 50 cm substrate 101. A 100 Wat 2 

:N11iz bias was supplied to the substrate. The bias power supply can be an RF supply 

. produced by ENI. 

(0066] Utilizing the above parameters, a layer 102 of Figure 3A was deposited on 

a substrate 101of150mm p-type Si wafer. The sheet resistance was measured using 

4 point probe to be 140 ohms/sq, with film thickness of l.68µm. The resistivity of the 

resulting film is measured to be 0.023 ohms-cm. The composition of film was 

determined using EDX to be Ti406.8· 

Example 2. Deposition ofTi02 on Ti-Ti407 film Stack 

[0067] In this example, Ti02 films were deposited using a 21\1Hz RF biased, Pulse 

DC scanning magnetron PVD process as was previously described in U.S. 

Application Serial No. 10/101,341. The substrate size can be up to 600x720mm2. 

The target was a -7mm thick, -630x750 mm2 Ti plate of99.9% purity. A pulsed DC 

generator, or PDC power supply from Advanced Energy (Pinnacle Plus) was used as 

the target power supply. The pulsing frequencY, can be varied from 0-350 KHz. 

Reversed duty cycle can be varied from l.3µs to 5µs depending on the pulsing 
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frequency. An ENI RF generator and ENI Impedance matching unit were used for the 

substrate bias. A 100 W with a 2 MHz RF generator, which can be an EFI supply, 

was utilized. The chamber base pressure was kept below 2x10·7 Torr. The substrate 

temperature was below 200°C during deposition. 

(0068) A systematic DOE (design of experiments) were carried out on both n++ 

type bare Si wafers and Al meta11ized wafers. All n++ wafers were HF cleaned just 

before loading into the chamber for deposition. A series of 1 SOnm thick, Al films 

were deposited onto the bare Si wafers using the same PVD system at low 

temperature (<100°C). 

[0069] The total PDC target power, pulsing frequency, oxygen partial pressure, 

and substrate bias power were variables in the DOE. Total gas flow of Ar and 02 

were kept constant at 100 seem. The PDC target power was between 4 and 7 kW with 

a pulsing frequency of between 100 and 250 kHz. The oxygen flow rate ranged from 

30 to 60%. The bias power ranged from 0 to 300 Wat 2 Mhz. Both dielectric 

strength and breakdown voltage were measured using a mercury probe. Film 

thickness in this DOE range from 1 OOnm to 270nm. 

(0070] Therefore, with reference to Figure 3B, layer 101 is the Si wafer substrate, 

layer 103 is the 150 nm thick Al layer, layer 102 is the TLi07 layer, and layer 104 is 

Ti02. Figure 7 shows the thickness dependence of the dielectric constant oflayer 

102, showing the roll off effect. The capacitance of the layer stack 101, I 03, 102, and 

I 04 was measured with a mercury electrode impressed upon layer I 04 and coupled to 

layer I 03. The precise thickness of dielectric layer I 04 was measured optically. The 
I 

dielectric constant of layer 104 was then calculated from the measured capacitance. 

As shown in Figure 7, the Ti02 film thickness decreases, so does the dielectric 

constant of the Ti02 film. 

[0071] However, this roll-off effect can be greatly reduced or eliminated in certain 

embodiments of the present invention. Figure 8 shows two additional data points 

shown as circles which represent the dielectric constant of thin Ti02 layers for layer 

104 with Ti-T401 deposited as layer 102 ofFigure 3B. 
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Example 3. Deposition ofTiOz on Ti-TiO,, (x<2) film Stack 

[0072) A layer ofTi02 was deposited on a titanium coated substrate. About 2000 

A of Ti metal was deposited at 7KW of PDC target power, with Ar flow of 100 seem 

and bias power of200W. After Ti deposition, Ti02 was deposited in the same 

chamber without oxide burn in. This process resulted in a Ti-TiOy -Ti02 (y<2) film 

stack. The k value of a 200A film was as high as 60. 

[0073) Figures 9A and 9B illustrate an SEM cross-section of a Ti40 7 Ebonex™ 

target (Figure 9A) and an SEM cross section of the T406.s layer (Figure 9B) 

deposited from the Ebonex™ target according to the present invention. The deposited 

film shows smooth deposition of the layer. The Ebonex™ target shown in Figure 9A 

shows an open porousity material with high roughness. The deposited layer shown in 

Figure 9B, however, shows a highly dense layer with a smooth surface condition. 

[0074) Table I shows the effects of the dielectric properties ofTi02 deposited 

according the present invention in comparison with previously obtained values. The . 

values for the previously obtained reactive sputtering was taken from the paper 

"Frequency-Dependent Pulsed Direct Current magnetron Sputtering of Titanium 

Oxide Films," by J. Y. Kim et al., J. Vac. Sci. Techn., A 19(2), Mar/Apr. 2001. The 

values for PDC PVD with bias was experimentally obtained from layers deposited as 

described in Example 2 above. 

Table I 

Process vbd K FM 

(Mv/cm) 

Reactive Sputtering 0.46- 1.35 34- 65.9 19-50 

PDC physical 3.48 83 288 
I 

Vapor Deposition 

with Bias 

(0075) As can be seen from Table I, the breakdown voltage Vbd is significantly 

improved in layers according to the present invention. Further, the dielectric constant 

of the resulting layer is also higher. The figure of merit (FM) then for the deposited 
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layer was 288, very much higher than that report by Kim et al. The reference Kirn et 

al. was the reference reporting the best quality Ti02 films available at the time of 

filing of the prior application to which this disclosure claims priority. 

[0076] Figure 10 shows data of capacitance made with layers according to the 

present invention in processes as described in Example 2 above are shown in 

comparison with available industry values. As is observed in Figure 10, layers of 

Ti02 deposited according to the present invention have higher dielectric breakdown 

voltages than other dielectric films utilized in industry, which is represented by the 

solid line. However, due to the roll-off in dielectric constant K in films below about 

1000 A in thickness (as is indicated in the top two points in Figure 10}, a capacitance 

density above about 5000 or 6000 pF/mm2 could not be achieved using thinner films. 

This is also shown in Figure 7. 

[0077] However, combined with the use of a conductive sub-oxide and the higher 

dielectric constant of thinner films as shown in Figure 11, a capacitance density of 

12000 pF/mm2 can be achieved with a 500 A thickness film and a capacitance density 

of greater than 24000 pF/mm2 can be achieved with a 220 A film, as is shown in 

Figure 11. These film stacks were deposited as described in Example 3 above. 

[0078] Figure 12 shows a deposited layer 102 on a substrate 101 formed ofn++ 

silicon wafer. Layer 102 is formed of Ti02 deposited according to the present 

invention. As shown in the SEM cross-section, the Ti02 layer shows several layers. 

A layer 1201 is formed of Si02 formed on substrate 101 and is formed about 20 A 

thick. An amorphous layer 1202 of thickness about 250 A is then formed above layer 

1201. Finally, a crystalling Ti02 layer 1203 is formed about 4000 A thick. In some 

embodiments of the present invention, a continuous deposition on a substrate results 

in a first amorphous layer deposited at initially cooler temperature followed by a 

further crystalline layer deposited during the increased temperature of the process. A 

diffraction pattern inset in Figure 12 illustrates the crystalline nature of layer 1203. 

[0079) Table II tabulates data taken from a number of bi-layer film such as that 

shown in Figure 12 and completely amorphous films formed by repeated initial 

deposition layers at cool deposition conditions. Films near 1000 A of thickness are 

compared and display similar values for the dielectric constant. However, the 
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amorphous film exhibits much higher dielectric breakdown strengths. Due to the 

similar thickness and values of the dielectric constant, the two films exhibit similar 

values for capacitance. However, the amorphous film illustrates superior breakdown 

voltage and therefore has a higher figure of merit (FM). These trends are more 

pronounced in the thicker films with thicknesses close to 2000 A. In this case, the 

values of the dielectric constant and capacitance are nearly identical but again there is 

a significantly higher breakdown voltage in the amorphous film, which results in a 

significant improvement in the figure of merit for the amorphous films. 

Table II 

Film k vbd FM c Breakdown Film 

Thickness (MV/cm) (pF/mm2) Voltage Morphology 

(nm) (V) 

969 63 3.6 227 540 348 Bi-layer 

1036 62 6.4 396 538 660 Amorphous 

2020 98 3.5 335 429 705 Bi-Layer 

2322 98 5.5 539 429 1110 Amorphous 

[0080] Therefore, it is clear that amorphous Ti02 films have much better 

performance. As discussed above, those layers are the result of low temperature 

depositions. Therefore, as was demonstrated with the data shown in Table II, one 

method of producing thick amorphous Ti02 layers is to simply utilize a sequence of 

low temperature depositions, halting the deposition prior to thermal heating of the 

·depositing film. However, this method can take a significant amount of production 

time for thick films. Another embodiment of obtaining thick Ti02 amorphous films is 

to apply active cooling to the substrate in an amount sufficient to provide 

continuously amorphous Ti02 films. 

[0081) Figure 13 shows a comparison of the leakage current for Ti02 films 

according to embodiments of the present invention with and without erbium ion 

doping. The lower data points in Figure 13 are from capacitors formed from films 

deposited from a I 0 at. % Er doped TiO target. The target was electrically 
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conductive. One e~ample of the 10% doped film of 1000 A thickness was formed 

with 60 seem Ar, 6 seem 02, with a target power of3 kW, bias power of 100 W, with 

a deposition time of200 sec on a metal coated glass wafer. With the metal coating 

forming a copper titanium lower electrode and a titanium copper gold upper electrode 

patterned as lXI mm, discreet capacitors was then formed. The layers corresponding 

to the upper data points were deposited from a pure titanium target with no erbium 

d~ping on a TaN substrate with a evaporated platinum upper electrode. This structure 

of the bottom data is illustrated in Figure 4B where, for example, layer 101 is a glass 

substrate, layer 103 is a copper titanium layer, layer 102 is the erbium doped Ti02 

layer, and layer 201 is a titanium copper gold layer. 

[0082] As can be seen in Figure 13, the leakage current density is reduced by 

many orders of magnitude by addition of erbium. 

[0083) Figures 14A and 14B show a photoluminescence signal with excitation at 

580 nm and measurement at 1. 53 µm, measured from a 5000 A layer of 10% erbium 

containing Ti02 deposited from a 10% erbium doped TiO conductive target and a 

photoluminescence signal measured from the same layer after a 30 minute 250 °C 

anneal, respectively. Table ID shows similar data for several layers deposited from 

the erbium-doped TiO conductive target. 

Tablem 

Thickness Before Anneal Anneal (°C) After Anneal 

SOOOA 6704 150 5809 

SOOOA 6493 200 4042 

soooA 6669 250 2736 

soooA 6493 300 3983 

1 µm 6884 150 6743 

1 µm 5197 200 3685 

I µm 6253 250 3612 

1 µm 5324 300 3381 

[0084] According to some explanations of the reduction of leakage current in 

layers as illustrated by Figure 13, fast electrons that have sufficient energy to excite 
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the erbium ion would cause the rare earth ion to undergo excitation upon electron 

impact or passage within a distance sufficient for energy exchange. Consequently, the 

leakage current electrons capable of causing ionization within the dielectric oxide 

would be reduced by electron collisions with erbium ions. Excited state ions have at 

least two relaxation mechanisms for disposal of the energy: radiative and non

radiative. In radiative relaxation, the excited ion emits light. In non-radiative 

relaxation, the excited ion undergoes a cooperative process with vibrational modes of 

it's host dielectric oxide and produces a vibration which is the elemental form of heat. 

In the data illustrated in Figure 13, it was not possible to observe light in the leakage 

test, but photoluminescence was observed from optical excitation of the similar 10% 

Er doped Ti02 deposited from the 10% Er doped TiO conductive target, as shown in 

Table ill. 

(0085) As can be seen from the data in Table ill, an erbium doped layer of 

titanium oxide was shown to fluoresce strongly under optical excitation by light of a 

wavelength 580 nm, using a Phillips PhotoLuminescence Microscope, model no. 

PLM-100. The target was electrically conductive and sputtered at a higher rate and a 

lower oxygen partial pressure than characteristic of a metallic titanium target. One 

example of the 10% doped film of2,032 angstroms was 60 seem Ar, 6 seem 0 2, with 

a target power of3 kW, bias power of 100 W, with a deposition time of300 sec. 

(0086] The level of photoluminescence observed from the layer was similar to 

that obtained in as-deposited and annealed films providing commercial levels of 

optical absorption and fluorescence for applications to planar waveguide amplifiers 

having at least 15 dB gain for signals as weak as -40dB at the 1.5 micron wavelength 

utilized for photonic C band communications. 

[0087) Such a device can be illustrated with Figure 3B, where layer 103 can be a 

conductive layer deposited on substrate 101, layer 102 can be a rare-earth doped Ti02 

layer deposited according to embodiments of the present invention, and layer 104 can 

be a further conductive layer or a conductive transparent layer to form an metal

insulating-metal (MIM) capacitor structure. Such a structure could function as a light 

emitting layer under either DC or AC electrical excitation. In another embodiment, 

layer 103 can be a lift-off layer such as CaF2 or other organic material, layer 102 is 
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the rare-earth doped Ti02 layer, and layer 104 is absent, then upon lift-off or upon 

transfer of layer 102, a free standing or applied layer having electroluminescent or 

photoluminescent applications can be provided over a selected device. 

(0088] Thin films according to the present invention can be utilized in advanced 

display devices, electrical energy storage and conversion, and to form optical and 

electronic films with scratch resistance and barrier properties. Advanced display 

product applications include OLED encapsulation, barriers for flexible polymer 

substrates, outcoupling mirrors and anti-reflection coatings, transparent conducting 

oxides, and semiconducting materials for active matrix displays. Electrical energy 

storage and conversion applications include high density capacitor arrays for mobile 

communication devices, on-chip high "K" capacitors for advanced CMOS, and high 

voltage energy storage for portable power devices. Other applications include touch

sensitive devices and durable bar code scanners and see-through sensors as well as 

implantable biometric devices. 

(0089) The embodiments described in this disclosure are examples only and are 

not intended to be limiting. Further, the present invention is not intended to be 

limited by any particular theory.or explanation presented to explain experimental 

results. As such, examples of titanium oxide and titanium sub-oxide films illustrated 

herein and their applications are not intended to be limiting. One skilled in the art 

may contemplate further applications or films that are intended to be within the spirit 

and scope of the present invention. As such, the invention is limited only by the 

following claims. 
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Claims 

We claim: 

I. A method of forming a titanium based layer, comprising: 

depositing a layer of titanium containing oxide by pulsed-DC, biased reactive 

sputtering process on a substrate. 

2. The method of claim 1, wherein the layer is Ti02. 

3. The method of claim 2, wherein the figure of merit of the layer is greaterthan 50. 

4. The method of claim 2, wherein the layer is deposited between conducting layers 

to form a capacitor. 

5. The method of claim 2, wherein the layer includes at least one rare-earth ion. 

6. The method of claim 5, wherein the layer is deposited between conducting layers 

to form a capacitor. 

7. The method of claim 5, wherein the at least one rare-earth ion includes erbium. 

8. The method of claim 5, wherein the layer is deposited between conducting layers 

to form a light-emitting device. 

9. · The method of claim 5, wherein the layer is an optically active layer deposited on a 

light-emitting device. 

IO. The method of claim 5, wherein the layer is an optically active layer applied to a 

light-emitting device. 

11. The method of claim 1, wherein the layer is a sub-oxide of Titanium. 

12. The method of claim 11, wherein the figure of merit of the layer is greater than 

50. 

13. The method of claim 11, wherein the layer is deposited between conducting 

layers to form a capacitor. 

14. The method of claim 11, wherein the layer includes at least one rare-earth ion. 

15. The method of claim 14, wherein the layer is deposited between conducting 

layers to form a capacitor. 

16. The method of claim 14, wherein the at least one rare-earth ion includes erbium. 

17. The method of claim 14, wherein the layer is deposited between conducting 

layers to form a light-emitting device. 
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18. The method of claim 14, wherein the layer is an optically active layer deposited 

on a light-emitting device. 

19. The method of claim 14, wherein the layer is an optically active layer applied to a 

light-emitting device. 

20. The method of claim 2, wherein the layer is a protective layer. 

21. The method of claim 20, wherein the protective layer is a catalytic layer. 

22. The method of claim 20, wherein the protective layer includes at least one rare

earth ion. 

23. The method of claim 1, wherein the layer is TixOy wherein x is between about I 

and about 4 and y is between about 1 and about 7. 

24. The method of claim 23, wherein the figure of merit of the layer is greater than 

50. 

25. The method of claim 23, further including depositing an Ti02 layer on the layer 

wherein the layer and the Ti02 layers are deposited between conducting layers to 

form a capacitor with decreased roll-off characteristics with decreasing thickness of 

the Ti02 layer. 

26. The method of claim 23, wherein the Ti02 layer is an amorphous layer deposited 

by a pulsed DC, biased, reactive ion process. 

27. The method of claim 23, wherein the layer includes at least one rare-earth ion. 

28. The method of claim 27, wherein the at least one rare-earth ion includes erbium. 

29. The method of claim 27, wherein the layer is deposited between conducting 

layers to form a light-emitting device. 

30. The method of claim 27, wherein the layer is an optically active layer deposited 

on a light-emitting device. 

31. The method of claim 27, wherein the layer is an optically active layer applied to a 

light-emitting device. 

32. The method of claim 23, wherein the layer is a conducting oxide. 

33. The method of claim 32, wherein the substrate is a conducting electrode and the 

layer is a protective layer. 

34. The method of claim 33, wherein the protective layer is a catalytic layer. 
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35. The method of claim 33, wherein the protective layer includes at least one rare

earth ion. 

36. The method of claim 32, wherein the substrate is a dielectric and the layer is a 

protective layer. 

37. The method of claim 36, wherein the protective layer is a catalytic layer. 

38. The method of claim 1, further including 

controlling the temperature of the substrate during deposition. 

39. The method of claim 38, wherein controlling the temperature includes active 

temperature control. 

40. The method of claim 1, wherein the layer is an amorphous layer. 

41. The method of claim 1, wherein the substrate includes a transistor structure.· 

42. A titanium based layer, comprising: 

a layer compounded from titanium and oxygen deposited by pulsed-DC, 

biased reactive sputtering process on a substrate. 

43. The layer of claim 42, wherein the layer is Ti02. 

44. The layer of claim 43, wherein the figure of merit of the layer is greater than 50. 

45. The layer of claim 43, wherein the layer is deposited between conducting layers 

to form a capacitor. 

46. The layer of claim 43, wherein the layer includes at least one rare-earth ion. 

47. The layer of claim 46, wherein the layer is deposited between conducting layers 

to form a capacitor. 

48. The layer of claim 46, wherein the at least one rare-earth ion includes erbium. 

49. The layer of claim 46, wherein the layer is deposited between conducting layers 

to form a light-emitting device. 

50. The layer of claim 46, wherein the layer is an optically active layer deposited on a 

light-emitting device. 

51. The layer of claim 46, wherein the layer is an optically active layer.applied to a 

light-emitting device. 

52. The layer of claim 42, wherein the layer is sub-oxide of Titanium. 

53. The layer of claim 52, wherein the figure of merit is greater than 50. 
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54. The layer of claim 52, wherein the layer is deposited between conducting layers 

to form a capacitor. 

55. The layer of claim 52, wherein the layer includes at least one rare-earth ion. 

56. The layer of claim 55, wherein the layer is deposited between conducting layers 

to form a capacitor. 

57. The layer of claim 55, wherein the at least one rare-earth ion includes erbium. 

58. The layer of claim 55, wherein the layer is deposited between conducting layers 

to form a light-emitting device. 

59. The layer of claim 55, wherein the layer is an optically active layer deposited on a 

light-emitting device. 

60. The layer of claim 55, wherein the layer is an optically active layer applied to a 

light-emitting device. 

61. The layer of claim 43, wherein the layer is a protective layer. 

62. The layer of claim 61, 'wherein the protective layer is a catalytic layer. 

63. The layer of claim 61, wherein the protective layer includes at least one rare-earth 

ion. 

64. The layer of claim 42, wherein the layer is TixOy wherein xis between about 1 

and about 4 and y is between about 1 and about 7. 

65. The layer of claim 64, wherein the figure of merit is greater than 50. 

66. The layer of claim 64, further including depositing an Ti02 layer on the layer 

wherein the layer and the Ti02 layers are deposited between conducting layers to 

form a capacitor with decreased roll-off characteristics with decreasing thickness of 

the Ti02 layer. 

67. The layer of claim 64, wherein the Ti02 layer is an amorphous layer deposited by 

a pulsed DC, biased, reactive ion process. 

68. The layer of claim 64, wherein the layer includes at least one rare-earth ion. 

69. The layer of claim 68, wherein the at least one rare-earth ion includes erbium. 

70. The layer of claim 68, wherein the layer is deposited between conducting layers 

to form a light-emitting device. 

71. The layer of claim 68, wherein the layer is an optically active layer deposited on a 

light-emitting device. 
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72. The layer of claim 68, wherein the layer is an optically active layer applied to a 

light-emitting device. 

73. The layer of claim 64, wherein the layer is a conducting oxide. 

74. The layer of claim 73, wherein the substrate is a conducting electrode and the 

layer is a protective layer. 

75. The layer of claim 74, whefein the protective layer is a catalytic layer.· 

76. The layer of claim 74, wherein the protective layer includes at least one rare-earth 

ion. 

77. The layer of claim 73, wherein the substrate is a dielectric and the layer is a 

protective layer. 

78. The layer of claim 77, wherein the protective layer is a catalytic layer. 

79. The layer of claim 42, further including 

controlling the temperature of the substrate during deposition. 

80. The layer of claim 79, wherein controlling the temperature includes active 

temperature control. 

81. The layer of claim 42, wherein the substrate includes a transistor structure. 

82. The layer of claim 42, wherein the layer is an amorphous layer. 

83. A target, comprising: 

hipped TiO having composition TiO. 

84. The target of claim 83, further including at least one rare-earth dopant. 

85. A method of forming a target, comprising: 

forming a TiO powder; 

mixing the TiO powder to form a mix; 

hipping the mix under a controlled atmosphere to form tiles; and 

forming a target from the tiles. 

86. The method of claim 85, further including mixing at least one rare-earth oxide 

powder with the mix. 

87. The method of claim 86, wherein the at least one rare-earth oxide includes erbium 

oxide. 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 
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0 LINES OR MARKS ON ORIGINAL DOCUMENT 
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O \ P E /.. PA TENT 
~'\ Customer No. 22,852 

11111c Attorney Docket No. 9140.0016-00 
ft.0 ,, 1 t.IJ\lll t!J 

\,,. !J IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

'-!~Application of: ) 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

SIXTH SUPPLEMENT AL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97Cbl 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(b), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. 

Copies of the U.S. patents and patent publications cited are not enclosed. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 
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claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Dated: February 27, 2006 

EXPRESS MAIL LABEL NO. 
EV 860819704 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~~ 
G y J. id ar s 
Reg. No. 41,008 

-2-
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IDS Form PTO/SB/08: Substitule for form 1449AIP10 rt.e i 11nn~ - Complete if Known 

INFORMATION DISCL~pRE 
l Application Number 10/101,863 

.ct Filing Date March 16, 2002 
...-,,, 

First Named Inventor ZHANG, Hongmei STATEMENT BY APPLI• ~ 
Art Unit 2823 

(Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 
Sheet I I I of I I Attorney Docket Number 9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examiner Cite Document Number Issue or Name of Pa1en1ee or Pages, Columns, Lines, Where 
Initials" No.1 

Number-Kind Code2 
(ijl:no..-n) 

Publication Dale Applicant of Ci1ed Document Relevant Passages or Relevant 
MM·DD-YYYY Figures Appear 

us 5,909,346 06-01-1999 Malhotra et al. 

us 6,000,603 12-14-1999 Koskenmaki et al. 

us 6, 133,670 10-17-2000 Rodgers et al. 

US 6,356,694 B 1 03-12-2002 Weber 

US 6,768,855B1 07-27-2004 Bakke et al. 

US 6,683,749 B2 01-27-2004 Daby et al. 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examiner Ci1e 
Initials" No. 1 

Examiner Cite 
Initials· No. 1 

FOREIGN PATENT DOCUMENTS 
Publication Dale Name of Paleniee or Pages, Columns, Lines, 

Foreign Patent Document MM·DD·YYYY Applicant of Cited Document Where Relevant Passages or 
Relevant Figures Appear 

Country Code3 Number' Kind Code5 (ifl:nown) 

NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LEITERS), title of the article (when appropriate), title of the item (book, 
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 

country where published. 

I Dale ~onsidered 

Translation• 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in confonnance with MPEP 609. Draw line through citation if not 
in confonnance and not considered. Include copy of this fonn with next communication to applicant. 

I EXPRESS MAIL LABEL NO. 
EV 860819704 US 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 101101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

SEVENTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97Cb) 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(b), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. 

A copy of the document cited is enclosed. 

Applicants respectfully request that the Examiner consider the listed document and 

indicate that it was considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 
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,, 
claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed document, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & D E , L.L.P. 

Dated: February 28, 2006 

EXPRESS MAIL LABEL NO. 
EV 860819602 US 

-2-
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Initials' No. 1 

Number-Kind Code2 
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Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examiner 
Initials' 

Examiner 
Initials' 

Examiner 
Signature 

Cite 
No. 1 

Cite 
No. 1 

FOREIGN PATENT DOCUMENTS 
Publication Date Name of Patentee or Pages, Columns, Lines. 

Foreign Patent Document MM-DD-YYYY Applicant of Cited Document Where Relevant Passages or 
Relevant Figures Appear 

Country Code) Number4 Kind Code5 (if broHn) 

NON PATENT LITERATURE DOCUMENTS 
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Date 
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Translation6 

Translation6 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

EIGHTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(b) 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(b), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. 

A copy ~{the document cited is enclosed. 
'"l 

Applic~\~ respectfully request that the Examiner consider the listed document and 

indicate that it was considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 
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claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed document, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & ER, L.L.P. 

Dated: March 3, 2006 

EXPRESS MAIL LABEL NO. 
EV 860819633 US 

-2-
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No. 1 

FOREIGN PATENT DOCUMENTS 
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Relevant Figures Appear 

Country Code~ Number4 Kind Code5 (if knottn) 

NON PATENT LITERATURE DOCUMENTS 
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magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 

country where published. 

Response to Office Action filed February 20, 2002, for US Patent No. 6,506,289 (Atty. Docket 
No. 09140-0002-01). 

Response to Office Action filed July 17, 2002, for US Patent No. 6,506,289 (Atty. Docket No. 
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Application No. Applicant(s) ]}V 

10/101,863 

Office Action Summary Examiner 

Michelle Estrada 

ZHANG ET AL. 

Art Unit 

2823 

•• The MAILING DA TE of this communication appears on the cover sheet with the correspondence address •• 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. · 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

• Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)12] Responsive to communication(s)filed on 24 February 2006. 

2a)0 This action is FINAL. 2b)i2] This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Cla.ims 

4)12] Claim(s) 2-14 and 21-24 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

S)i2] Claim(s) 14 is/are allowed. 

6)12] Claim(s) 2-14 and 21-24 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR1 .121 (d). 

11)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) l2J Notice of References Cited (PT0-892) 

2) 0 Notice of Oraftsperson's Patent Drawing Review (PT0-948) 

3) !2J 1nformation Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 

Paper No(s)/Mail Date 2124106 2127106 . .,.}1.8/04' r &/.3/ O{p 
U.S. Patent and Trademartc Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PT0-152) 

6) 0 Other: __ . 

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060316 
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DETAILED ACTION 

Continued Examination Under 37CFR1.114 

Page 2 

A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application i~ eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 2/24/06 

has been entered. 

Claim.Rejections - 35 USC§ 103. 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 10-13 and 21 rejected under 35 U.S.C. 103(a) as being unpatentable 

over Smolan off et al. (6,·117 ,279) in view of Fu et al. (6,306,265). 

With respect to claim 21, Smolanoff et al. disclose providing pulsed DC power 

· (21) through a filter (22) to a target (16) (Col. 5, lines 50-5.5); providing RF bias power to 

a substrate (15) positioned. opposite the target (Col. 5, lines 60-65); providing process· 

gas between the target and the substrate (Col. 7, lines 25-28); wherein the filter protects 

a pulsed DC power supply (21) from the bias power, and wherein a plasma is created 
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by application of the·pulsed DC power to the target (Col. 6, lines 8-13); and wherein the 

film is deposited by exposure of the substrate to the plasma (Col. 6, lines 30-33). 

Smolanoff et al. do not dearly disclose wherein conditioning the target includes 

sputtering with the target in a metallic mode to remove the surface of the target and 

sputtering with the target in a poisonous mode to prepare the surface. 

Fu et al. disclose wherein conditioning the target includes sputtering with the 

target in a metallic mode to remove the surface of the target and sputtering with the 

target in a poisonous mode to prepare the surface (Col. 19, lines 35-~0). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Fu et al. to enable the conditioning step of 

Smolanoff et al. to be performed according to the teachings of Fu et al. because one of 

ordinary skill in the art would have been motivated to look to alternative suitable 

methods of performing the disclosed conditioning step of Smolanoff et al. and. art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

With respect to claim 8, Smolanoff et al. disclose wherein the process gas 

includes a mixture of oxygen and argon (Col. 7, lines 21-27). 

With respect to claim 10, Smolanoff et al. disclose wherein the process gas 

further includes nitrogen (Col. 7, lines 25-26). 

With respect to claim 11, Smolanoff et al. disclose ,wherein providing pulsed DC 

power to a target includes providing pulsed DC power to a target which has an area 

larger than that of the substrate (See fig. 1 ). 
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With respect to claim 12, Smolanoff et al. disclose further including uniformly 

sweeping the target with a magnetic field (Col. 6, lines 1-7). 

With respect to claim 13, Smplanoff et al. disclose wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the 

target where the magnet extends beyond the target in the opposite direction (Col. 6, 

lines 1-6). 

Cla.ims 2-6 and 22-24 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21 above, 

arid further in view of Fukui et al. (5,755,938). 

With respect to claims 2-4, 6 and 22-24, One of ordinary skill in the art would 

have been led to the recited temperature, DC power, gas flow, time pulse and bias 

power to routine experimentation to achieve a desire layer thickness, device dimension, 

device associated characteristics and device density on the finished wafer in view of the 

range of values disclosed. 

In addition, the selection of temperature, DC power, gas flow, time pulse and bias 

power, its obvious because it is a matter of determining optimum process conditions by 

routine experimentation with a limited number of species of result effective variables. 

These claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 
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ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of· optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, gas flow, time pulse and bias power or any 

unexpected results arising therefrom. Where patentability is said to be based upon 

particular chosen temperature, DC power, gas flow, time pulse and bias power or upon 

another variable recited in a claim, the Applicant must show that the chosen 

temperature, DC power, gas flow, time pulse and bias power are critical. In re Woodruf, 

919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

With respect to claim 5, Smolanoff et al. do not specifically disclose wherein the 

filter is a band reject filter at the frequency of the bias power.. 

Fukui et al. disclose a sputtering process wherein the DC power supply (28) is 

connected through a band-pass filter (27) at the frequency of the bias· power. 

It would have been within the scope of one of ordinary skill in the art to combine . 

the teachings of Smolanoff et al. and Fukui et al. to enable the filter type of Smolanoff et 

al. to be the same according to the teachings of Fukui et al. because one of ordinary 

skill in the art would have been motivated to look to alternative suitable types of filters 
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for the disclosed filter step of Smolanoff et al. and art recognized suitability for an 

intended purpose has been ·recognized to be motivation to combine. See MPEP 

2144.07. 

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21 above, and 

further in view of Le et al. (2003/0077914 ). 

The combination of Smolanoff et al. and Fu et al. does not disclose wherein the 

film is an upper cladding layer of a waveguide structure and the bias power is optimized 

to provide planai-ization. 

With respect to claim 7, Le et al. disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075]. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Fu et al. and Le et al. to enable the film material of 

Smolanoff et al. to be the same according to the teachings of Le et al. because one of 

. ordinary. skill in the art would have been motivated to look to alternative suitable film 

materials for the disclosed film formation step of Smolanoff et al. and art recognized 

suitability for an intended purpose has been recognized to be motivation to combine. 

See MPEP 2144.07. 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076]). 
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Claim 14 is allowed. 

Conclusion 

Page 7 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

i8oO. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
March 16, 2006 

~~ Michelle Estrada 
Primary Examiner 

Art Unit 2823 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirination No.: 6938 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed March 22, 2006, Applicants propose that this 

application be amended as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper beginning 

on page 2. 

Remarks/Arguments follow the amendment sections of this paper beginning on page 6. 

Attachment to this amendment include Declaration ofR. E. Demaray under 37 C.F.R. 

§1.132. 
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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Cancelled) 

2. (Previously presented): The method of Claim 21, further including holding the temperature 

of the substrate substantially constant. 

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC power through 

the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz 

and about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

5. (Canceled). 

6. (Previously presented): The method of claim 4, wherein the RF bias power is zero. 

7. (Previously presented): The method of Claim 21, wherein the film is an upper cladding layer 

of a waveguide structure and the RF bias power is optimized to provide planarization. 

8. (Previously presented): The method of Claim 21, wherein a process gas of the process gas 

flow includes a mixture of Oxygen and Argon. 

9. (Previously presented): The method of Claim 8, wherein the mixture is adjusted to adjust the 

index of refraction of the film. 

10. (Previously presented): The method of Claim 8, wherein the mixture further includes 

nitrogen. 

11. (Previously presented): The method of Claim 21, wherein applying pulsed DC power to the 

target includes adjusting pulsed DC power to a target which has an area larger than that of the 

substrate. 

-2-
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12. (Previously presented): The method of Claim 21, further including uniformly sweeping the 

target with a magnetic field. 

13. (Previously Presented): The method of Claim 12, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

14. (Previously Presented): A method of depositing a film on a substrate, comprising: 

providing pulsed DC power through a filter to a target; 

providing RF bias power to a substrate positioned opposite the target; and 

providing process gas between the target and the substrate, and 

depositing a film on the backside of the target, 

wherein the filter protects a pulsed DC power supply from the bias power, and 

wherein a plasma is created between the target and the substrate. 

15.-20. (Cancelled). 

21. (Currently amended): A method of depositing a film on a substrate, comprising: 

conditioning a target; 

film, 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target through a filter to create a plasma and deposit the 

wherein conditioning the target includes sputtering with the target in a metallic mode to 

remove the surface of the target and sputtering with the target in poisonous mode to prepare the 

surface, and 

wherein the filter is a band rejection filter at a frequency of the bias power. 

22. (Previously Presented): The method of Claim 21, wherein setting the process gas flow 

includes adjusting constituents in order to adjust the index of refraction of the film. 

23. (Previously Presented): The method of Claim 21, wherein applying pulsed DC power 

-3-
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includes setting the frequency in order to adjust the index of refraction of the film. 

24. (Previously Presented): The method of Claim 21, further including adjusting a temperature 

of the substrate in order to adjust the index of refraction of the film. 

25.-39. (Canceled). 

40. (New): The method of claim 21, wherein the band rejection filter is a narrow band-pass 

filter. 

41. (New): The method of claim 21, wherein a bandwidth of the band rejection filter is about 

100 kHz. 

42. (New): The method of claim 21, wherein the frequency of the RF bias is about 2 MHz. 

43. (New): A method of depositing a film on a substrate, comprising: 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to a target through a band rejection filter at a frequency of the 

bias power. 

44. (New): The method of claim 43, wherein a bandwidth of the band rejection filter is about 

100 kHz. 

45. (New): The method of claim 43, wherein the frequency of the RF bias is about 2 MHz. 

46. (New): The method of Claim 43, wherein applying pulsed DC power includes supplying up 

to about 10 kW of power at a frequency of between about 40 kHz and about 350 kHz and a 

reverse time pulse between about 1.3 and 5 µs. 

47. (New): The method of Claim 43, further including holding the temperature of the substrate 

substantially constant. 

48. (New): The method of Claim 43, wherein adjusting an RF bias power to the substrate 

includes supplying up to 1000 W of RF power to the substrate. 

-4-
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49. (New): The method of Claim 43, further including uniformly sweeping the target with a 

magnetic field. 

50. (New): The method of Claim 49, wherein uniformly sweeping the target with a magnetic 

field includes sweeping a magnet in one direction across the target where the magnet extends 

beyond the target in the opposite direction. 

-5-
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REMARKS 

Claims 2-14 and 21-24 are pending in this application. The Examiner has allowed claim 

14 and rejected claims 2-14 and 21-24. Applicants have amended claim 21, canceled claim 5, 

and added new claims 40-50. Applicants traverse the Examiner's rejection and request 

reconsideration of the pending claims. 

Information Disclosure Statement 

One of the references cited in the Seventh Supplemental Information Disclosure 

Statement submitted on February 27, 2006, was not initialed by the Examiner. Therefore, 

Applicants have listed such reference for the Examiner to initial in the enclosed Ninth 

Supplemental Information Disclosure Statement. 

Additionally, the Examiner states the Dayco reference "Response to Office Action filed 

February 17, 2006 in U.S. Application No. 111100,856 (Attorney Docket No. 09140.0015-01)" 

was not attached with the Eighth Supplemental Information Disclosure Statement filed on 

February 28, 2006. Therefore, Applicants have provided a copy and re-listed such Dayco 

reference on the attached Ninth Supplemental Information Disclosure Statement for the 

Examiner's initials. 

Claim Rejections under 35 U.S.C. § 103 

The Examiner has rejected claims 2-13 and 21-24 under 35 U.S.C. § 103 over various 

combinations of Smolanoff et al. (U.S. Patent No. 6,117,279), Fu et al. (U.S. Patent No. 

6,3065,265), Fukui et al. (U.S. Patent No. 5,755,938), and Le et al. (U.S. Application No. 

2003/0077914 ). Specific rejections are further discussed below. 

In making a rejection under 35 U.S.C. § 103(a), the Examiner must establish the three 

elements of a prima facie case of obviousness. MPEP § 2142. First, the Examiner must show 

that the prior art references teach all elements of the claims. Second, the Examiner must show 

-6-
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that the prior art provides the reason or motivation to make the claimed combination. The mere 

fact that references can be combined does not create a prima facie case of obviousness. 

Moreover, the motivation to combine cannot come from the applicant's own disclosure but must 

come from the prior art itself. Additionally, no motivation to combine references exists where 

doing so would render one of the prior art references unsatisfactory for its intended purpose. 

Third , the Examiner must prove that there is a reasonable expectation of success in combining 

the prior art references. As further discussed below, the Examiner has not met this burden. 

I. Claims 2-4, 6-13, and 21-24 are allowable because the cited prior art does not collectively 

teach all of the elements of the claims. 

Claims 2-6, 8, 10-13, and 21-24 

The Examiner has rejected claims 8, 10-13, and 21 under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. (6,117,279) in view of Fu et al. (6,306,265). Claims 2-6 and 

22-24 are rejected over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13, and 21 

and further in view of Fukui et al. (5,755,938). Claim 21 has been amended to recite ''a band 

rejection filter at a frequency of the bias power," which is substantially the limitation of claim 5. 

Claim 5 has been canceled. 

As the Examiner states, Smplanoff does not teach "a band rejection filter at a frequency 

of the bias power," as is recited in claim 21. (See, Office Action, page 5). As stated in the 

Declaration of Ernest Demeray filed with this amendment under 37 C.F.R. §1.132, the filter 

protecting the pulsed DC power supply from the RF power of the bias is an aspect of the claimed 

invention. The filter must pass the pulsed DC signal without unduly affecting the shape of that 

signal while rejecting the RF power. Therefore, the filter passes all frequencies except for the 

-7-
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frequency of the bias power itself. As stated in the Declaration of Ernest Demeray, other filter 

designs resulted in a distortion of the pulsed DC signal or in leakage of RF power back to the 

pulsed DC power supply -- resulting in the catastrophic failure of the power supply. 

The Examiner relies on Fukui for this element. However, Fukui does not teach a "band 

rejection filter at a frequency of the bias power." As stated in _Fukui, 

[a]lso connected to the first electrode 20 is a de power supply 28 
through a band-pass filter 27 such as a low-pass filter for 
adjustment of impedance. The band-pass filter 27 serves to adjust 
the circuit impedance to have an infinite value so that no RF waves 
are superposed on a de power from the de power supply 28. 

(Fukui, col. 6, lines 31-36). Fukui teaches a band pass filter, specifically a low-pass filter, which 

would not protect the DC power supply from RF and which would unreasonably distort the 

pulsed-de shape. Further, there is no indication that the band-pass filter of Fukui is related to the 

frequency of the bias power supply. A band pass filter, below at or above the frequency of the 

RF bias, will not protect the pulsed DC power supply from catastrophic failure as a result of the 

RF power. Further, a band pass filter does not allow the broad frequency range required for the 

square wave of the pulsed-DC supply to reach the substrate. 

Therefore, as discussed above, claim 21 is allowable over Smollanoff, Fu, and Fukui. 

Claims 2-4, 6-13, 22-24, and new claims 40-41 depend from claim 21 and are therefore 

allowable for at least the same reasons as is claim 21. 

Claims 7 and 9 

The Examiner rejected claims 7 and 9 under 35 U.S.C. § 103(a) as being unpatentable 

over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13, and 21, and further in 

view of Le et al. (2003/0077914). Claims 7 and 9 depend from claim 21. Le does not cure the 

defects in the teachings of Smolanoff, Fu, or Fukui. 

-8-
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New Claims 

Claims 42-50 have been added to this application. Claim 42 is similar in scope to claim 

21 except for the limitation regarding conditioning the target. Claims 43-50 are similar to 

dependent claims from claim 21. Therefore, claims 42-50 are allowable over the cited art. 

Conclusion 

In view of the foregoing remarks, Applicants .submit that this claimed invention, as 

amended, is neither anticipated nor rendered obvious in view of the prior art references cited 

against this application. Applicants therefore request the entry of this Amendment, the 

Examiner's reconsideration and reexamination of the application, and the timely allowance of the 

pending claims. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Dated: June 12, 2006 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER, L.L.P. 

Attachment: Declaration ofDr. R.E. Demaray under 37 C.F.R. §1.132 

EXPRESS MAIL LABEL NO. 
EV 860818108 US 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

Declaration of Dr. R. E. Demaray under 37 C.F.R. §1.132 

I, Dr. R. Ernest Demaray, declare as follows: 

1. I am currently the President and Chief Technology Officer of Symmorphix, Inc., and have 

served as the Chairman of the Board, the Chief Executive Officer, and the Chief Technology 

Officer during the history of Symmorphix, Inc. I have been with Symmorphix for the past eight 

years. I was previously employed at Applied Materials, Inc., of Santa Clara as General Manager 

and Managing Director of the PVD division of Applied Komatsu. Since receiving my B.S. in 

Physical Chemistry in 1972, I have worked in the semiconductor equipment field for more than 

34 years. I received a Ph.D. in Chemical Physics from the University of California at Santa Cruz 

in 1977. 

2. I am an inventor of U.S. Application Serial No. 10/101, 863. At Symmorphix, my co

inventors and I developed a pulsed-DC, RF-biased deposition apparatus and various deposition 

methods utilized in that apparatus for deposition of thin film oxides and dielectrics. To my 

knowledge, the combination of pulsed-DC with RF bias applied to the substrate of an RF power 
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applied to the deposition chamber had not been disclosed or demonstrated previous to my 

invention. 

3. During development of the deposition chambers and methods claimed in this application, we 

damaged a number (more than six units) of pulsed-DC power supplies due to RF bias power 

coupling through the plasma into the pulsed-de power supply. We utilized the Advanced Energy 

Pinacle Plus power supply, which produced a 10 kW square wave at a frequency of from 180 

kHz to 300 KHz together with a pulse reverse time from 1.3 to 5.0 µsec. Utilizing a band-pass 

filter between the pulsed-DC power supply and the plasma, however, will not protect the pulsed

DC power supply from the RF bias and will also unduly distort the square-wave of the pulsed

DC power signal applied to the target, which detrimentally affects the deposition conditions. 

4. My co-inventors and I developed the band-rejection filter described in the specification and 

claimed in U.S. Application Serial No. 10/101, 863 to overcome the problem of catastrophic 

failure of the pulsed-DC power supply output electrometer circuit during operation. We 

discovered that a band-rejection filter, which is a filter that passes all of the frequencies of the 

square wave power supply except within a narrow band centered on the RF frequency of the RF 

bias, protected the pulsed-DC power supply from the RF energy while not distorting the pulses 

generated by the pulsed-DC power supply applied to the target. 

5. I have further studied the art cited by the Examiner, namely Smolanoff et al. (U.S. Patent No. 

6,117,279) (Smolanoff), Fu et al. (U.S. Patent No. 6,306,265) (Fu), Fukui et al. (U.S. Patent No. 

5,755,938) (Fukui), and Le et al. (U.S. Publication No. 2003/0077914) (Le). None of these 

references teach a pulsed-DC system that allows an RF bias in a fashion that would not damage 

the pulsed-DC power supply if actually implemented as shown and described. None of these 

references describe a band-rejection filter at a frequency of the bias power. 

6. Smolanoff discloses a reactor where the target is coupled through a filter to a DC source. No 

description of the filter is provided. However, in the chamber described in Smolanoff, RF power 

can be supplied to the target, to a secondary plasma generated below the target, and to the 
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substrate itself. A pulsed-DC power supply without the protection disclosed in the present 

application would catastrophically fail under these conditions. . 

7. Fu describes a PVD sputtering chamber with no pulsed-de and no filter to protect a pulsed-de 

power supply. Therefore, Fu also does not describe a band rejection filter centered at the 

frequency of an RF bias. 

8. Fukui describes a band-pass filter (specifically a low pass filter) coupled between the pulsed

dc power supply and the filter. Again, a band-pass filter does not protect the pulsed-DC power 

supply, as is required, and will distort the pulsed-DC square wave. Further, Fukui indicates that 

"[t]he band-pass filter 27 serves to adjust the circuit impedance to have an infinite value so that 

no RF waves are superposed on a de power from the de power supply 28." (Fukui, col. 6, lines 

33-36). This is quite the opposite of what occurs in our applications, where the RF signal is 

superimposed on the pulsed DC power signal in the plasma, to which the substrate is exposed. 

Therefore, Fukui does not teach a band-rejection filter at the frequency of the RF bias. 

9. Le describes neither a biased power nor a filter and simply teaches an un-biased deposition 

process. Therefore, Le does not teach a band rejection filter. 

10. I hereby declare that all statements made herein of my own knowledge are true and that all 

statements made on information and belief are believed to be true; and further that these 

statements were made with the knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 

Code, and that such willful false statements may jeopardize the validity of the application or any 

patent issued thereon. 

-3-
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 1Oil01,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

MAIL STOP AMENDMENT 
Commissioner for Patents 

-=-- P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

NINTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Ninth Supplemental Information 

Disclosure Statement is being filed after the events recited in Section l.97(b) but, to the 

undersigned's knowledge, before the mailing date of either a Final action, Quayle action, or a 

Notice of Allowance. Under the provisions of 37 C.F.R. § 1.97(c), the Commissioner is hereby 

authorized to charge the fee of $180.00 to Deposit Account No. 06-0916 as specified by 

Section l.17(p). 

Copies of the listed foreign and non-patent literature documents are attached. Copies of 

the U.S. patents and patent publications are not enclosed. 

06/15/2006 NAHnED1 00000056 060916 10101863 

01 FC:1806 180.00 DA 
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Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 
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of the disclosed invention over the listed documents, should one or more of the documents be 
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fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & ER, L.L.P. 

Dated: June 12, 2006 

EXPRESS MAIL LABEL NO. 
EV 860818108 US 

-2-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1138 of 1543



IDS Fonn PTO/SB/08: Substitute for fonn 1449A/PTO Complete if Known 

Application Number 10/101,863 
-

,~ : '14 INFORMATION DISCLOSURE Filing Date March 16, 2002 

0 TATEMENT BY APPLICANT First Named Inventor ZHANG, Hongmei 

Art Unit 2823 

~~" 
.'L 1~~' Lii (Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

Shee ' I 1 I of I 2 Attorney Docket Number 9140.0016-00 

~ I:' 
~~ U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 

Examiner Cite Document Number Issue or Name of Patentee or Pages. Columns, Lines, Where 
Initials' No.' 

Number-Kind Code2 
(if kno1<n} 

Publication Date Applicant of Cited Document Relevant Passages or Relevant 
MM-DD-YYYY Figures Appear 

us 4,082,569 04-04-1978 Evans, Jr. 

us 5,472,795 12-05-1995 Atita 

us 5,645,626 07-08-1997 Edlund et al. 

us 5, 702,829 12-30-1997 Paidassi et al. 

us 6,045,626 04-04-2000 Yano et al. 

US 6,673,716 Bl 01-06-2004 D'Couto et al. 

US 6,683,749 B2 01-27-2004 Daby et al. 

US 6,884,327 B2 04-26-2005 Pan et al. 

US 2002/0115252 Al 08-22-2002 Haukka et al. 

US 2003/0035906 Al 02-20-2003 Memarian et al. 

US 2004/0043557 Al 03-04-2004 Haukka et al. 

US 2005/0048802 Al 03-03-2005 Zhang et al. 

US 2005/0183946 Al 08-25-2005 Pan et al. 

US 2006/0054496 Al 03-16-2006 Zhang et al. 

US 2006/0057283 Al 03-16-2006 Zhang et al. 

US 2006/0057304 Al 03-16-2006 Zhang et al. 

US 2006/0071592 Al 04-06-2006 Narasimhan et al. 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examiner 
Initials' 

I E~aminer 
Signature 

Cite 
No.' 

FOREIGN PATENT DOCUMENTS 
Publication Date 

Foreif,'11 Patent Document MM-DD-YYYY 

Country Code3 Numba4 Kind Code' (ifknov.n) 

JP 7-224379 A 08-22-1995 

Name of Patentee or 
Applicant of Cited Document 

Ulvac Japan Ltd 

I Date 
Considered 

Pages, Columns, Lines, Translation• 
Where Relevant Passages or 

Relevant Figures Appear 

Abstract 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not 
in conformance and not considered. Include copy of this form with next communication to applicant. 

EXPRESS MAIL LABEL NO. 
EV 860818108 US 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1139 of 1543



IDS Fonn PTO/SB/08: Substitute for fonn 1449A/PTO Complete if Known 

Application Number 10/101,863 

INFORMATION DISCLOSURE Filing Date March 16, 2002 

STATEMENT BY APPLICANT First Named Inventor ZHANG, Hongmei 

Ari Unit 2823 

Sheet 

Examiner 
Initials' 

I faaminer 
S1b'll3ture 

I 

Cite 
No. 1 

(Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

2 I of I 2 Allorney Docket Number 9140.0016-00 

NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAP IT AL LETTERS), title of the article (when appropriate), title of the item (book, 
magazine, jownal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 

country where published. 

BARBIER, D., "Performances and potential applications of erbium doped planar waveguide 
amplifiers and lasers," Proc. OAA, Victoria, BC, Canada, pp. 58-63 (July 21-23, 1997). 

KELLY, P.J. et al., "A novel technique for the deposition of aluminum-doped zinc oxide 
films," Thin Solid Films 426(1-2): 111-116 (2003). 

TOMASZEWSKI, H. et al., "Yttria-stabilized zirconia thin films grown by reactive r.f. 
magnetron sputtering," Thin Solid Films 287:104-109 (1996). 

Response to Final Office Action filed April 14, 2006, in U.S. Appl. No. 10/291,179 (Atty. 
Docket No. 9140.0001-00). 

Office Action mailed April 27, 2006, in U.S. Appl. No. 10/291, 179 (Atty. Docket No. 
9140.0001-00). 

Final Office Action mailed May 8, 2006 in U.S. Application No. 09/903,081 (Attorney Docket 
No. 09140-0014-00). 

Response to Office Action filed February 17, 2006 in U.S. Application No. 11/100,856 
(Attorney Docket No. 09140.0015-01). 

Office Action issued on March 9, 2006, in U.S. Appl. No. 10/954,182 (Attorney Docket No. 
09140-0016-01000). 

Response to Office Action filed on May 15, 2006, in U.S. Application No. 10/101,341 
(Attorney Docket No. 09140-0017-00). 

Final Office Action issued on May 19, 2006 in U.S. Application No. 10/789,953 (Attorney 
Docket No. 09140.0030-00). 

Office Action from Singapore Patent Office in Appl. No. 200505388-9, dated March 20, 2006 
(Atty. Docket No. 9140.0030-00256). 

Office Action mailed April 19, 2006 in U.S. Application No. 10/851,542 (Attorney Docket No. 
09140.0033-00). 

I Date 
Considered 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in confomiance with MPEP 609. Draw line through citation if not 
in confonnance and not considered. Include copy of this fonn with next communication to applicant. 

EXPRESS MAIL LABEL NO. 
EV 860818108 US 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1140 of 1543



... 

. . eJAP ... E PATENT OFFICE 

-----==--

. (19) 

PATENT ABSTRACTS OF JAPAN 

(51) Int Cl C23C 14/34 

(21) Application number: 06017653 

(22) Date of filing: 14.02.94 

(54) SPUTTERING METHOD AND DEVICE 

THEREFOR 

( 57) Abstract 
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time of sputtering a conductive target in a gaseous 

reactant atmosphere by DC sputtering by applying a 

positive potential on a negative-potential target in the form 

of a pulse. 

CONSTITUTION: A substrate and a conductive target are 

opposed in a vacuum treating chamber, and the target is 

sputtered in a gaseous reactant atmosphere by DC 

sputtering to form a thin film on the substrate. In this case, 

a device with a power source to apply a positive potential 

on a negative potential connected to the target is used, 

and a positive potential is applied on the negative

potential target in the form of a pulse at the frequency of 

5-400kHz to conduct sputtering. The electron in the 

plasma is attracted by the positive potential to neutralize 

the plus ion accumulated on the insulator and 

high-resistance film, and the abnormal discharge due to 

an arc discharge is not generated. 
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DEPOSITION OF LICo02 

RELATED APPLICATION 

[001] The present application claims priority to Provisional Application No. 

60/651,363, filed on February 8, 2005, by Hongmei Zhang and Richard E. Demaray, and to 

Provisional Application No. 60/634,818, filed on December 8, 2004, by the same inventors, 

each of which are herein incorporated by reference in their entirety. 

BACKGROUND 

1. Field of the Invention 

[002] The present invention is related to thin-film solid-state batteries and, in 

particular, the deposition of LiCoQz films and layers for battery manufacture. 

2. Discussion of Related Art 

[003] Solid-state thin-film batteries are typically formed by stacking thin films on a 

substrate in such a way that the films cooperate to generate a voltage. The thin films 

typically include current collectors, a cathode, an anode, and an electrolyte. The thin films 

can be deposited utilizing a number of deposition processes, including sputtering and 

electroplating. Substrates suitable for this application have conventionally been high 

temperature materials capable of withstanding at least one high temperature anneal process to 

at least 700 °C for up to about 2 hours in air so as to crystallize the LiCoQi film. Such a 

substrate can be any suitable material with appropriate structural and material properties, for 

example a semiconductor wafer, metallic sheet (e.g., titanium or zirconium), ceramic such as 

alumina, or other material capable of withstanding subsequent high temperature processing in 
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the presence of the LiCo(h, which can experience significant interfacial reactions with most 

materials utilized in a battery during these temperatme cycles. 

[004] Other lithium containing mixed metal oxides besides LiCo(h, including Ni, 

Nb, Mn, V, and sometimes also Co, but including other transition metal oxides, have been 

evaluated as crystalline energy storage cathode materials. Typically, the cathode material is 

deposited in amorphous form and then the material is heated in an anneal process to form the 

crystalline material. In LiCo02, for example, an anneal at or above 700°C 1ransforms the 

deposited amorphous film to a crystalline form. Such a high temperature anneal, however, 

severely limits the materials that can be utilized as the substrate, induces destructive reaction 

with the lithium containing cathode material and often requires the use of expensive noble 

metals such as gold. Such high thermal budget processes (i.e., high temperatures for 

extended periods of time) are incompatible with semiconductor or MEM device processing 

and limit the choice of substrate materials, increase the cost, and decrease the yield of such 

batteries.' The inventors are unaware of a process disclosed in the art that allows production 

of cathodic lithium films for a battery structure where a post-deposition anneal process has a 

low enough thennal budget to allow production of functional structures on low temperature 

materials such as stainless steel, aluminum, or copper foil. 

[005] It is known that crystallization of amorphous LiCoQi on precious metals can 

be achieved. An example of this crysta.lliz.ation is discussed in Kim et al., where a 

conventional fumace anneal at 700°C for 20 minutes of an amorphous layer of LiCo(h on a 

precious metal achieves crysta11izJ1tion of the LiCoC>i material, as shown by x-ray diffraction 

data. Kim, Han-Ki and Yoon, Young Soo, "Characteristics ofrapid-tb.ennal-annealed 

LiCo(h, cathode film for an all-solid-state thin film microbattery," J. Vac. Sci. Tecbn. A 

22(4), Jul/Aug 2004. In Kim et al., the LiCo(h film was deposited on a platinum film that 

was deposited on a high-temperature MgO/Si substrate. In Kim et al, it was shown that such 

2 
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a crystalline film is capable of constituting the Li+ ion containing cathode layer of a 

functional all solid-state Li+ ion battery. However, it is of continuing interest for the 

manufacture of solid state Li+ ion batteries to further reduce the thermal budget of the post 

deposition anneal, both in time and in temperature, so as to enable the manufacture of such 

batteries without the need for expensive precious metal nucleation, barrier layers, or 

expensive high-temperature substrates. 

[006] There are many references that disclose an ion beam assisted process that can 

provide a LiCoO;i film that demonstrates some observable crystalline composition by low 

angle x-ray diffraction (XRD). Some examples of these are found in U.S. Patent 

Applications 09/815,983 (Publication No. US 2002/001747), 09/815,621 (Publication No. US 

2001/0032666), and 09/815,919 (Publication No. US 2002/0001746). These references 

_,_~·--~- . disclose the use of a second front side ion beam or othc;r ion source side-by-side with a 

deposition source so as to obtain a region of overlap of the flux of ions with the flux of 

LiCoO;i vapor at the substrate surface. None of these references disclose film temperature 

data or other temperature data of the film during deposition to support an assertion of low 

temperature processing. 

[007] It is very difficult to form a uniform deposition either by sputtering a 

material layer or by bombardment with an ion flux. Utilization of two uniform simultaneous 

distributions from two sources that do not occupy the same position and extent with respect 

to the substrate enormously increases the difficulties involved in achieving a uniform material 

deposition. These references do not disclose a uniform materials deposition, which is 

required for reliable production of thin-film batteries. A well understood specification for 

material uniformity for useful battery products is that a 5% one-sigma material uniformity is 

standard in thin film manufacturing. About 86% of the films with this uniformity will be 

found acceptable for battery production. 

3 
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[008] It is even more difficult to scale a substrate to manufacturing scale, such as 

200 mm or 300 mm. Indeed, in the references discussed above that utilize both a sputtering , 

deposition and an ion beam deposition, only small area targets and small area substrates are 

disclosed. These references disclose a single feasibility result No method for achieving a 

uniform distnoution from two separate front side sources has been disclosed in these 

references. 

[009] Further, conventional materials and production processes can limit the 

energy density capacity of the batteries produced, causing a need for more batteries 

occupying more volume. It is specifically desirable to produce batteries that have large 

amounts of stored energy per unit volume in order to provide batteries of low weight and low 

volmne. 

[010] Therefore, there is a need for a low temperature process for depositing 

crystalline material, for example LlCoOz material, onto a substrate. 

SUMMARY 

[011] In accordance with the present invention, deposition ofLiCoOz layers in a 

pulsed~c physical vapor deposition process is presented. Such a deposition can provide a 

low-temperature, high deposition rate deposition of a crystalline layer of LiCo{)i with a 

desired <101> orientation. Some ~bodiments of the deposition address the need for high 

rate deposition of LiCo~ films, whi~ can be utilized as the cathode layer in a solid state 

rechargeable Li battery. Embodiments of the process according to the present invention can 

eliminate the high temperature (>700 °C) anneal step that is conventionally needed to 

crystallize the LiCo(h layer. 

[012] A method of depositing a LiCo(h layer according to some embodiments of 

the present invention includes placing a substrate in a reactor; flowing a gaseous mixture 

including argon and oxygen through the reactor; and applying pulsed-DC power to a target 
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formed of LiCoO:z positioned opposite the substrate. In some embodiments, a LiCoO:z layer 

is formed on the substrate. Further, in some embodiments the LiCo02 layer is a crystalline 

layer of orientation <101>. 

[013] In some embodiments, a stacked battery structure can be formed. The 

stacked battery structure includes one or more battery stacks deposited on a thin substrate, 

wherein each battery stack includes: a conducting layer, a crystalline LiCoO:z layer deposited 

over the conducting layer, a LiPON layer deposited over the LiCoO:z layer; and an anode 

deposited over the LiPON layer. A top conducting layer can be deposited over the one or 

more battery stacks. 

[014] In some embodiments, a battery structure can be formed in a cluster tool. A 

method of producing a battery in a cluster tool includes loading a substrate into a cluster tool; 

. .. .... . .... ---· depositing a conducting layer over the substrate in a first chamber of the cluster tool; 

depositing a crystalline LiCoO:z layer over the conducting layer in a second chamber of the 

cluster tool; depositing a LiPON layer over the LiCoO:z layer in a third chamber of the cluster 

tool; depositing an anode layer over the LiCoO:z layer in a fourth chamber; and depositing a 

second conducting layer over the LiPON layer in a fifth chamber of the cluster tool. 

[015] A fixture for holding a thin substrate can include a top portion and a bottom 

portion, wherein the thin substrate is held when the top portion is attached to the bottom 

portion. 

(016] These and other embodiments of the invention are further discussed below 

with reference to the following figures. It is to be understood that both the foregoing general 

description and the following detailed description are exemplary and explanatory only and 

are not restrictive of the invention, as claimed. Further, specific explanations or theories 

regarding: the deposition or performance of certain layers during deposition processes or in 

the performance of devices incoiporating those layers are presented for explanation only and 
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are not to be considered limiting with respect to the scope of the present disclosure or the 

claims. 

BRIEF DESCRIPTION OF TRF. DRAWINGS 

[017] Figures IA and IB illustrate a pulsed-DC biased reactive deposition 

apparatus that can be utilized in the methods of depositing according to the present invention. 

[018) Figure 2 shows an example of a target that can be utilized in the reactor 

illustrated in Figures lA and lB. 

[019) Figure 3 illustrates a thin-film battery design according to some 

embodiments of the present invention. 

[020] Figures 4A and 4B show an x-ray diffraction analysis of and an SEM 

photograph of a LlCoO:i film deposited according to embodiments of the present invention. 

[021] Figures SA through SF show SEM photographs of LiCoO:i films according to 

some embodiments of the present invention. 

[022] Figure 50 shows x-ray diffraction data corresponding to the depositions 

shown in Figmes 5B-5F. 

[023] Figure 6A illustrates a layer of LiCoO:i deposited according to some 

embodiments of the present invention on a thin substrate. 

[024] Figure 6B illustrates a layer ofLiCoO:i deposited according to some 

embodiments of the present invention over a conducting layer on a thin substrate. 

[025] Figures 7 A, 7B, 7C, and 7D illustrate a thin substrate mollllt and mask 

arrangement that can be utilized in the deposition of LiCoO:i layers deposited according to 

some embodiments of the present invention. 

[026] Figure 8 illustrates a cluster tool that can be utilized to form batteries with 

LiCoO:i layers deposited according to some embodiments of the present invention. 

6 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1163 of 1543



( 
WO 2006/063308 PCT/US2005/044781 

[027] Figures 9A and 9B illustrate examples of stacked batter structures with 

LiCoOi layers deposited according to some embodiments of the present invention. 

[028] Figures 1 OA through 1 OD illustrate deposition and anneal steps for LlCoOi 

deposited over an iridium layer on a silicon wafer. 

[029] Figures I IA through I ID illustrate a single layer battery formed over an 

iridium layer according to some embodiments of the present invention. 

[030] Figures 12A through 12L illustrate deposition of a crystalline LiCo02 layer 

on a silicon or alumina substrate. 

[031] Figures 13A through 13F illustrate rapid thermal anneal processes for 

LiCoOi layers deposited according to the present invention. 

[032] Figures 14A through 14D illustrate several anneal processes utilized with a 

------·- LiCo(h film deposited according to embodiments of the present invention. 

[033] Figures 15A and lSB illustrate the effects of ramp-time in a rapid thermal 

anneal of LiCoO.Z films deposited according to the present invention. 

[034] Figure 16 illustrates thickness uniformity of a LiCo02 film deposited 

according to some embodiments of the present invention. 

[035] Figure 17 illustrates battery charge and discharge profiles of a battery formed 

utilizing a LiCoO.Z film according to some embodiments of the present invention. 

[036] In the figures, elements having the same designation have the same or similar 

functions. 

DET.A.Il.ED DESCRIPTION 

[037] In accordance with embodiments of the present invention, LiCoO.Z films are 

deposited on a substrate by a pulsed-de physical vapor deposition (PVD) process. In contrast 

to, for example, Kim et al., LiCoO:z films according to some embodiments of the present 
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invention provide a crystalline LiCo{)z film as deposited on a substrate at a substrate 

temperature as low as about 220 °C during deposition, without the use of a metallic 

nucleation or barrier underlying film. The as-deposited crystalline LiCo{)z films can be 

easily ripened to very high crystalline condition by anneal at about 700 °C for as little as 5 

minutes without the use of an underlying precious metal film. In addition, the as deposited 

crystalline films, when positioned on a noble metal film can be annealed at much further 

reduced temperatures, for example as low as 400 to 500 °C, providing for deposition, 

annealing, and production of solid state batteries on lower temperature substrates. 

(038] In the present application, a single, extended source is described which has 

been scaled to 400mm X SOOmm for production achieving a LiCo{)z uniformity of 3% one

sigma measured at 25 points at a deposition rate of 1.2 microns thickness an hour over an 

area of 2000 cm.2, without the need for secondary front side ion source or ion assistance. 

[039] In one example process, a LiCo{)z film was deposited utilizing a conductive 

ceramic LlCo(h target as descn'bed herein, with pulsed-de power of 4 kW, no bias, with 60 

seem Ar and 20 seem. Qi gas flows. A 3000 Angstrom layer of crystalline LiCoQi was 

deposited on a substrate area of 400 X 500 mm. As demonstrated in Figure 16, film 

thickness uniformity was located at about 25 locations spaced uniformly across the substrate 

using a felt marker pen to lift off a portion of the film in each location. High precision white

light interferometiy was utilized to measure the film thickness in each location by measuring 

the step height from the substrate to film smface. All 25 thickness measurements 

demonstrated a 3% one-sigma uniformity in the film thickness over 400 X 500 mm substrate 

area. As shown in Figure 16, a film was deposited with average thickness of about 2.96 µm 

with a maximum of 3.09 µm and a minimum of 2. 70 µm and standard deviation of 0.093. 

Thickness data was taken at points spaced 0.65 mm apart on the surface of the film. The film 

thickness therefore showed 3% one-sigma uniformity over the shown surface area. 
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[040] On other depositions utilizing this process, a temperature measurement of the 

substrate during deposition showed that the substrate remained at less than 224 °C. 

Temperature measurements were performed utilizing a temperature sticker purchased from 

Omega Engineering, Stamford, Ct (Model no. TL-F-390, active from 199-224 °C). 

[041] Moreover, in some embodiments, films deposited according to the present 

invention can have a deposition rate of from about 10 to about 30 times higher than processes 

in conventional films. Deposition thicknesses and times of deposition for films deposited 

according to the present invention are illustrated in Table I. Furthermore, films according to 

the present invention can be deposited on wide area subs1rates having a surface area from 10 

to 50 times the surface area of prior sputtering processes, resulting in much higher 

productivity and much lower cost of manufacture, thereby providing high-volume, low-cost 

batteries. 

[042] Further, conventional deposition processes without ion sources are capable 

of depositing amorphous LiCoOi. layers, but do not deposit crystalline LiCoOi. layers. 

Swprisingly, depositions according to some embodiment of the present invention, deposit a 

LiCoOi. layer with substantial crystallinity readily measured by x-ray diffraction techniques. 

In some embodiments, the crystallinity of the as-deposited LiCo<h layers is sufficient to be 

utilized in a battery structure with no further thermal processing. In some embodiments, 

crystallinity of the as-deposited LiCo(h layers are improved by thermal processes with low 

thermal budgets, which can be compatible with films deposited on low-temperature 

substrates. 

[043] Further, as-deposited the stoichiometry of some Li.Co02 layers deposited 

according to some embodiments of the present invention shows that this layer is sufficient for 

utilization in a battery. With the demonstrated ability to deposit a LiCoOi. film with 

crystallinity and with sufficient stoichiometry, a battery utilizing as-deposited LiCo(h films 
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can be produced. Heat treating the LiCoOi layers may improve the crystallinity and lower 

the impedance. 

[044] In some embodiments, a crystalline layer of LiCoOi with a <101> or a 

<003> crystalline orientation is deposited directly on the substrate. Deposition of crystalline 

material can eliminate or lessen the need of a subsequent high temperature anneal or 

precious-metal layers to crystallize and orient the film. Removing the high temperature 

anneal allows for formation ofbattery structures on light-weight and low temperature 

substrates such as stainless steel foil, copper foil, aluminum foil, and plastic sheet, reducing 

both the weight and the cost of batteries while retaining the energy density storage 

capabilities of Li-based batteries. In some embodiments, a crystalline LiCo~ layer can be 

deposited on a precious metal layer, such as platinum or iridium, resulting in a further 

significant lowering of the ripening thermal budget required to improve crystallinity. 

[045] Deposition of materials by pulsed-DC biased reactive ion deposition is 

d~bed in U.S. Patent Application Serial No. 10/101863, entitled "Biased Pulse DC 

Reactive-Sputtering of Oxide Fil.ms," to Hongmei Zhang, et al., filed on March 16, 2002. 

Preparation of targets is descnbed in U.S. Patent Application Serial No. 10/101,341, entitled 

''Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar Applications," to Vassiliki 

Milonopoulou, et al., filed on March 16, 2002. U.S. Patent Application Serial No. 101101863 

and U.S. Patent Application Serial No. 10/101,341 are each assigned to the same assignee as 

is the present disclosure and each is incorporated herein in their entirety. Deposition of oxide· 

materials has also been described in U.S. Patent No. 6,506,289, which is also herein 

incorporated by reference in its entirety. Transparent oxide films can be deposited utilizing 

processes similar to those specifically described in U.S. Patent No. 6,506,289 and U.S. 

Application Serial No. 10/101863. 
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(046] Figure lA shows. a schematic of a reactor apparatus 10 for sputtering 

material from a target 12 according to the present invention. In some embodiments, 

apparatus I 0 may, for example, be adapted from an AK.T-1600 PVD ( 400 X 500 mm 

substrate size) system from Applied Komatsu or an AK.T 4300 (600 X 720 mm substrate 

size) system from Applied Komatsu, Santa Clara, CA. The AKT-1600 reactor, for example, 

has three deposition chambers connected by a vacuwn transport chamber. These AK.T 

reactors can be modified such that pulsed DC power is supplied to the target and RF power is 

supplied to the substrate during deposition of a material film. Apparatus 10 can also be a 

Phoenix Gen III PVD cluster tool made by Symmorphix, which is specifically designed for 

pulsed-de processes such as is described herein. 

(047] Apparatus 10 includes target 12 which is electrically coupled through a filter 

·········-··-- 15 to a pulsed DC power supply 14. In some embodiments, target 12 is a wide area sputter 

source target, which provides material to be deposited on a substrate 16. Substrate 16 is 

positioned parallel to and opposite target 12. Target 12 :functions as a cathode when power is 

applied to it from the pulsed DC power supply 14 and is equivalently termed a cathode. 

Application of power to target 12 creates a plasma 53. Substrate 16 is capacitively coupled to 

an electrode 17 through an insulator 54. Electrode 17 can be coupled to an RF power supply 

18. A magnet 20 is scanned across the top of target 12. 

[048] For pulsed reactive de magnetron sputtering, as performed by apparatus 10, 

the polarity of the power supplied to target 12 by power supply 14 oscillates between 

negative and positive potentials. During the positive period, the insulating layer on the 

surface of target 12 is discharged and arcing is prevented. To obtain arc free deposition, the 

pulsing frequency exceeds a critical frequency that can depend on target material, cathode 

current and reverse time. High quality oxide films can be made using reactive pulse DC 

magnetron sputtering as shown in apparatus 10. 

11 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1168 of 1543



.,,··+ 
( 

WO 2006/063308 PCT/US2005/044781 

[049] Pulsed DC power supply 14 can be any pulsed DC power supply, for 

example an AE Pinnacle plus lOK by Advanced Energy, Inc. With this DC power supply, up 

to 10 kW of pulsed DC power can be supplied at a frequency of between 0 and 350 kHz. The 

reverse voltage can be 10% of the negative target voltage. Utilization of other power supplies 

can lead to different power characteristics, frequency characteristics, and reverse voltage 

percentages. The reverse time on this embodiment of power supply 14 can be adjusted 

between 0 and 5 µs. 

[050] Filter 15 prevents the bias power from power supply 18 from coupling into 

pulsed DC power supply 14. Jn some embodiments, power supply 18 can be a 2 MHz RF 

power supply, for example a Nova-25 power supply made by ENI, Colorado Springs, Co. 

[051] In some embodiments, filter 15 can be a2 MHz sinusoidal band rejection 

filter. In some embodiments, the band width of the filter can be approximately 100 kHz. 

Filter 15, therefore, prevents the 2 MHz power from the bias to substrate 16 from damaging 

power supply 14 and allow passage of the pulsec;l-dc power and frequency. 

[052] Pulsed DC deposited films are not fully dense and may have colmnnar 

structures. Columnar structures can be detrimental to thin film applications such as barrier 

films and dielectric films, where high density is important, due to the boundaries between the 

columns. The columns act to lower the dielectric strength of the material, but may provide 

diffusion paths for transport or diffusion of electrical current, ionic current, gas, or other 

chemical agents such as water. In the case of a solid state battery, a columnar structure 

containing crystallinity as derived from processes according to the present invention is 

beneficial for battery performance because it allows better Li transport through the 

boundaries of the material. 

[053] In the Phoenix system, for example, target 12 can have an active size of 

about 800.00 X 920.00 mm by 4 to 8 mm in order to deposit films on substrate 16 that have 
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dimension about 600 X 720 mm. The temperature of substrate 16 can be adjusted to between 

-50 °C and 500 °C. The distance between target 12 and substrate 16 can be between about 3 

and about 9 cm (in some embodiments, between 4.8 and 6 cm are used). Process gas can be 

inserted into the chamber of apparatus 10 at a rate up to about 200 seem while the pressure in 

the chamber of apparatus 10 can be held at between about . 7 and 6 milliTorr. Magnet 20 

provides a magnetic field of strength between about 400 and about 600 Gauss directed in the 

plane of target 12 and is moved across target 12 at a rate ofless than about 20-30 sec/scan. In 

some embodiments utilizing the Phoenix reactor, magnet 20 can be a race-track shaped 

magnet with dimensions about 150 mm by 800 mm. 

[054] Figure 2 illustrates an ex.ample of target 12. A film deposited on a substrate 

positioned on carrier sheet 17 directly opposed to region 52 of target 12 has good thickness 

-···-· ·---··-uniformity. Region 52 is the region shown in Figure lB that is exposed to a unifonn plasma 

condition. In some implementations, carrier 17 can be coextensive with region 52. Region 

24 shown in Figure 2 indicates the area below which both physically and chemically uniform 

deposition can be achieved, for example where physical and chemical uniformity provide 

refractive index uniformity, oxide film uniformity, or metallic film uniformity. Figure 2 

indicates region 52 of target 12 that provides thickness uniformity, which is, in general, larger 

than region 24 of target 12 providing thickness and chemical uniformity to the deposited film. 

In optimized processes, however, regions 52 and 24 may be coextensive. 

[055] In some embodiments, magnet 20 extends beyond area 52 in one direction, 

for ex.ample the Y direction in Figure 2, so that scanning is necessary in only one direction, 

for ex.ample the X direction, to provide a time averaged mriform magnetic field. AB shown in 

Figures IA and lB, magnet 20 can be scanned over the entire extent of target 12, which is 

larger than region 52 of uniform sputter erosion. Magnet 20 is moved in a plane parallel to 

the plane of target 12. 
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[056] The combination of a uniform target 12 with a target area 52 larger than the 

area of substrate 16 can provide films of highly uniform thickness. Further, the material 

properties of the film deposited can be highly uniform. The conditions of sputtering at the 

target surface, such as the uniformity of erosion, the average temperature of the plasma at the 

target surface, and the equilibration of the target surface with the gas phase ambient of the 

process are uniform over a region which is greater than or equal to the region to be coated 

with a uniform film thickness. In addition, the region of uniform film thickness is greater 

than or equal to the region of the film which is to have highly uniform electrical, mechanical, 

or optical properties such as index of refraction, stoichiometry, density, transmission, or 

absoiptivity. 

[057] Target 12 can be formed of any materials that provide the correct 

stoichiometry for LiCoO:z deposition. Typical ceramic target materials include oxides of Li 

and Co as well as metallic Li and Co additions and dopants such as Ni, Si, Nb, or other 

suitable metal oxide additions. In the present disclosure, target 12 can be formed from 

LiCoO:z'for deposition of LiCoO:z film. 

[058] In some embodiments of the invention, material tiles are formed. These tiles 

can be mounted on a backing plate to form a target for apparatus 10. A wide area sputter 

cathode target can be formed :from a close pa.clced may of smaller tiles. Target 12, therefore, 

may include any number of tiles, for example between 2 and 60 individual tiles. Tiles can be 

finished to a size so as to provide a margin of edge-wise non-contact, tile to tile, less than 

about 0.01 O'' to about 0.020" or less than half a millimeter so as to eHminate plasma 

processes that may occur between adjacent ones of tiles 30. The distance between tiles of 

target 12 and the dark space anode or ground shield 19 in Figure IB can be somewhat larger 

so as to provide non contact assembly or to provide for thermal expansion tolerance during 

process chamber conditioning or operation. 
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[059] AB shown in Figme lB, a uniform plasma condition can be created in the 

region between target 12 and substrate 16 in a region overlying substrate 16. A plasma 53 

can be created in region 51, which extends under the entire target 12. A central region 52 of 

target 12 can experience a condition of uniform sputter erosion. As discussed further herein, 

a layer deposited on a substrate placed anywhere below cen1ral region 52 can then be uniform 

in thickness and other properties (i.e., dielectric, optical index, or material concentrations). In 

some embodiments, target 12 is substantially planar in order to provide uniformity in the film 

deposited on substrate 16. In practice, planarity of target 12 can mean that all portions of the 

target surface in region 52 are within a few millimeters of a planar surface, and can be 

typically within 0.5 mm of a planar surface. 

[060] Figure 3 shows a battery structure with a LiCoOz layer deposited according 

- - • -·- - - - H to some embodiments of the present invention. AB shown in Figure 3, a metallic cmrent 

collection layer 302 is deposited on a substrate 301. In some embodiments, cmrent collection 

layer 302 can be patterned in various ways before deposition of a LiCoQi layer 303. Also 

according to some embodiments, LiC<>Qi layer 303 can be a deposited crystalline layer. In 

some embodiments of the invention, layer 303 is crystalline without the necessity of a 

crystallizing heat treatment Therefore, substrate 301 can be a silicon wafer, titanium metal, 

alwnina, or other conventional high temperature substrate, but may also be a low temperature 

material 8ucb as plastic, glass, or other material which could be susceptible to damage from 

the high temperature crysta11izing heat 1rea1ment. This feature can have the great advantage 

of decreasing the expense and weight of battery structures formed by the present invention. 

The low temperature deposition of the LiCoOz allows for successive depositions of battery 

layers, one upon another. Such a process would have the advantage that successive layers of 

battery structure would be obtained. in a stacked condition without the inclusion of a substrate 
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layer. The stacked layered battery would provide higher specific energy density as well as 

low impedance operation for charging and discharging. 

[061] In some embodiments, an oxide layer can be deposited on substrate 301. For 

example, a silicon oxide layer can be deposited on a silicon wafer. Other layers can be 

formed between conducting layer 302 and substrate 301. 

[062] A8 further shown in Figure 3, a LlPON layer 304 (LixPOyNz,) is deposited 

over LiCoO:i layer 303. LiPON layer 304 is the electrolyte for battery 300 while LiCo(h 

layer 303 acts as the cathode. A metallic conducting layer 305 can be deposited over the 

LiPON layer 304 in order to complete the battery. Metallic conducting layer 305 can include 

lithium adjacent to LiPON layer 304. 

[063] An anode 305 is deposited over LiPON layer 304. Anode 305 can be, for 

example an evaporated lithilDll metal. Other materials such as, for ex.ample, nickel can also 

be utilized. A current collector 306, which is a conducting material, is then deposited over at 

least a portion of anode 305. 

[064] A Li based thin film battery operates by transport of Li ions in the direction 

from current collector 306 to current collector 302 in order to hold the voltage between 

current collector 306 and current collector 302 at a constant voltage. The ability for battery 

structure 300 to supply steady current, then, depends on the ability of Li ions to diffuse 

through LiPON layer 304 and LiCoOi layer 303. Li transport throu~ bulk cathode LiCoO:i 

layer 303 in a thin film battery occurs by the way of grains or grain boundaries. Without 

being restricted in this disclosure to any particular theory of transport, it is believed that the 

grains with their planes parallel to substrate 302 will block the flow of Li ions while grains 

oriented with planes perpendicular to substrate 301 (i.e., oriented parallel to the direction of 

Li ion flow) &cilitate the Li diffusion. Therefore, in order to provide a high-current battery 

16 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1173 of 1543



( ( 
WO 2006/063308 PCT/USlOOS/044781 

structure, LiCoO:z layer 303 should include crystals oriented in the <101> direction or <003> 

direction. 

[065] In accordance with the present invention, LiCo02 films can be deposited on 

substrate 302 with a pulsed-DC biased PVD system as was described above. In addition, an 

AKT 1600 PVD system can be modified to provide an RF bias, which is available in the 

Phoenix system, and an Advanced Energy Pinnacle plus lOK pulsed DC power supply can be 

utilized to provide power to a target. The pulsing frequency of the power supply can vary 

from about 0 to about 350 KHz. The power output of the power supply is between 0 and 

about I 0 kW. A target of densified LiCoO:z tiles having a resistivity in the range of about 3 to 

about 10 kn can be utilized with d~sputtering. 

[066] In some embodiments, LiCo(h films are deposited on Si wafers. Gas flows 

· · · · - · · ··containing Oxygen and Argon can be utilized. In some embodiments, the Oxygen to Argon 

ratio ranges from 0 to about 50% with a total gas flow of about 80 seem. The pulsing 

frequency ranges from about 200 kHz to about 300 kHz during deposition. RF bias can also 

be applioo to the substrate. In many trials, the deposition rates vary from about 2 

Angstrom/(kW sec) to about 1 Angstrom/(kW sec) depending on the o,/Ar ratio as well as 

substrate bias. 

[067] Table I illustrates some example depositions of LiCoO:z according to the 

present invention. XRD (x-Ray Diffraction) results taken on the resulting thin films illustrate 

that films deposited according to the present invention are crystalline films, often with highly 

textured grain sizes as large as about 150 nm. The dominant crystal orientation appears to be 

sensitive to the O:z/ Ar ratio. For certain Oil Ar ratios (-10%), as-deposited films exhibit a 

preferred orientation in the <101> direction or the <003> direction with poorly developed 

<003> planes. 
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[068] Figures 4A and 4B illustrate an XRD Analysis and SEM cross section, 

respectively, of the LiCoO:i film deposited as Example lS in Table I. Such a LiCo(h film 

was deposited on Si wafer with 2kW of target power, a frequency of 300 kHz, with 60 seem 

Ar and 20 seem of Ci for a substrate with an initial temperature of about 300C. As shown in 

the XRD analysis of Figure 4A, a strong <101> peak is indicated showing a strong 

orientation of LiCoO:z crystals in the desired <101> crystallographic direction. The SEM 

cross section shown in Figure 4B further shows the columnar stmcture of the film having the 

<101> direction and the grain boundaries of the resulting LiCoO:z crystals. 

[069] Figures SA through SF show SEM cross sections of further example 

depositions of LiCoO:z crystals according to the present invention. In each of the examples, 

deposition of the liCoO:z film was performed on a Si wafer with target power of about 2 kW 

and frequency of about 2SO kHz. The LiCoO:i film shown in Figure SA eorresponds to the 

example deposition Example 1 in Table I. In the deposition of the LiCoO:z film shown in 

Figure SA, no bias power was utilized with an argon flow rate of about 80 seem and an 

oxygen flow rate of about 0 seem. A deposition rate of about 1.4S µm/hr was achieved over 

the full substrate area of 400 X SOO mm. Further, as is indicated in the cross section shown in 

Figure SA, a <101> orientation of the LiCo(h was achieved. 

[070] The rate of deposition of the LiCoO:i layer shown in Figure SA is very high, 

likely due to the relatively high conductivity or low resistivity of the ceramic LiCo(h oxide 

sputter target. A target resistance of 10 kObms was measured by means of an Ohm meter 

over a distance of about 4 cm on the surface of target 12. This high rate allows the 

manufacture of the 3 micron or thicker LiCo(h layer required for the battery at high rate over 

a wide area in short times, resulting in very high productivity and very low cosl Target 

resistance on the order of about SOO k:.Cl over the same distance by the same measurement 

technique or higher would not allow for such a high sputter efficiency or high rate of 
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deposition at such a low target power. The resistance of conventional target materials can be 

unmeasurably high. A resistance of 100 k.O over about 4 cm of surface will result in high 

sputter efficiency and high rate of deposition. Further, because deposition rates typically 

scale nearly linearly with target power, a deposition at 6 kW will yield a deposition rate of 

approximately 3 µm/hr, which is a very desirable rate of deposition for manufacturability of 

Li-based thin-film solid-state batteries on a surface area of 400 X 500 mm2
• 

(071] The LiCo(h layer shown in Figure SB is deposited under the conditions 

listed as Ex.ample 7 in Table I. Again, no bias was utilized in the deposition. An argon flow 

rate of about 72 seem and an oxygen flow rate of about 8 seem was utilized. The deposition 

rate was significantly reduced to about 0.85 µm/hr. Further, although a <101> crystallinity 

can be discerned, that <101> crystallinity is not as pronounced as that exhibited in the 

.. ~ .. - ... , .M ... - .. ,,· .. AA .. ,,. .. • deposition of the film shown in Figure SA. 

[072] The LiCo(h film shown in Figure SC was deposited according to Example 3 

in Table I. In this deposition, 100 W of bias power is applied to the substrate. Further, an 

argon flow rate of 72 s~ and an oxygen flow rate of 8 seem was utilized. The deposition 

rate was about 0.67 µm/hr. Therefore, the application of bias in comparison with the LiCoOz 

film shown in Figure SB further reduced the deposition rate (from 0.85 µm/hr of the example 

shown in Figure SB to 0.67 µm/hr of the example shown in Figure SC). Fmther, the desired 

<101> directionality of formed crystals appears to be further degraded. 

(073] The LiCo(h film shown in Figure SD corresponds to Example 4 in Table L 

In this deposition, the Ar/0,. ratio was increased. As is shown in Figure SD, increasing the 

Ar/0,, ratio improves crystallinity. With respect to the example illustrated in Figme SC, the 

deposition illustrated in Figure SD was performed with an argon fl.ow of about 76 seem and 

an oxygen flow of about 4 seem as well as retaining the 100 W bias to the substrate. The 
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LiCo<Ji deposition rate was improved to 0.79 µm/hr from a rate of 0.67 µm/hr illustrated in 

Figure SC. 

[074] In the example deposition illustrated in Figure SE corresponding to Example 

5 in Table I. The substrate temperature was set at about 200°C while the bias power 

remained at about 100 W. The argon flow rate was set at about 76 seem and the oxygen flow 

rate was set at about 4 seem. The resulting deposition rate for the LiCo(h layer was about 

0.74 µm/hr. 

[075] In the example deposition illustrated in Figure SF, which corresponds with 

Example 6 of Table I, the argon flow rate was set at about 74 seem and the oxygen flow rate 

was set at about 6 seem, resulting in a LiCoO:z deposition rate of about 0.67 µm/hr. 

Therefore, increasing both argon and oxygen :flow rate over the deposition illustrated in 

Figure SE resulted in a lower deposition rate. 

[076] Figure 50 illustrates XRD data corresponding to Figures SF, SD, SC, SE, and 

SB, respectively. As illustrated in Figure SO, as-deposited crystalline LiCo(h is deposited in 

these processes. 

[077] The data show clearly that an as-deposited crystalline film of LiCoOi can be 

obtained und~ several of the process conditions, as shown in Table II. In particular, very 

high rates of deposition with. low power are obtained along with the oriented crystalline 

structure for the process conditions according to embodiments of the pr~t invention. 

[078] Figure 6A illustrates a layer of LiCo(h 602 deposited on a thin substrate 601 

according to some embodiments of the present invention. Higher lithium-ion mobilities can 

be achieved utilizing crystalline LiCo(h cathode films 602 deposited on a thin substrate 601 

that has thickness comparable to that of the battery stack itself; rather than a thickness many 

or tens of times that of the battery stack. Such a film can lead to faster charging and 

discharging rates. Substrate 601 can be formed of a thin metallic sheet (e.g., alnrnimun, 
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titanium, stainless steel, or other suitable thin metallic sheet), can be formed of a polymer or 

plastic material, or may be formed of a ceramic or glass material. As shown in Figure 6B, if 

substrate 601 is an insulating material, a conducting layer 603 can be deposited between 

substrate 601 and LiCo~ layer 602. 

[079] Depositing materials on a thin substrate involves holding and positioning the 

substrate during deposition. Figures 7 A, 7B, 7C, and 7D illustrate a reusable fixture 700 for 

holding a thin film subs1rate. As shown in Figure 7A, reusable fixture 700 includes a top 

portion 701 and a bottom portion 702 that snap together. Thin substrate 601 is positioned 

between top portion 701 and bottom portion 702. As shown in Figure 7B, top portion 701 

and bottom portion 702 are such that substrate 601 is brought into tension and subsequently 

clamped as top portion 701 is closed into bottom portion 702. Substrate 601 can be easily 

held by fixture 700 so that substrate 601 can be handled and positioned. In some 

embodiments, the comers of substrate 601, areas 703, are removed so that substrate 601 is 

more easily stretched by avoiding ''wrap-around" comer clamping effects when top portion 

701 is closed into bottom portion 702. 

[080] As shown in Figure 7C, a mask 712 can be attached to fixture 700. In some 

embodiments, fixture 700 includes guides in order to align fixture 700 with respect to mask 

712. In some embodiments, mask 712 may be attached to fixture 700 and travel with fixture 

700. Mask 712 can be positioned at any desired height above substrate 601 in fixture 700. 

Therefore, mask 712 can function as either a contact or proximity mask. In some 

embodiments, mask 712 is formed of another thin substrate mounted in a fixture similar to 

fixture 700. 

[081] As shown in Figure 7C and 70, fixture 700 and mask 712 can be positioned 

relative to mount 710. M01mt 710, for example, can be a susceptor, mount, or an electrostatic 

chuck of a processing chamber such as that shown in Figures IA and lB. Fixture 700 and 
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mask 712 can have features that allow for ready alignment with respect to each other and 

with respect to mount 710. In some embodiments, mask 712 is resident in the processing 

chamber and aligned with fixture 700 during positioning of fixture 700 on mount 710, as 

shown in Figure 7D. 

[082) Utilizing fixture 700 as shown in Figures 7 A, 7B, 7C, and 7D allows 

processing of a thin film substrate in a processing chamber. In some embodiments, thin film 

subslrates can be about 10 µm or more. Further, thin film substrate 601, once mounted 

within fixture 700, can be handled and moved from process chamber to process chamber. 

Therefore, a multiprocessor chamber system can be utilized to form stacks of layers, 

including one or more layers of LiCoOi deposited according to embodiments of the present 

invention. 

[083] Figure 8 illustrates a cluster tool 800 for processing thin film substrates. 

Cluster tool 800 can, for example, include load lock 802 and load lock 803, through which 

mounted thin film substrate 601 is loaded and a resultant device is removed from cluster tool 

800. Chambers 804, 805, 806, 807, and 808 are processing chambers for depositions of 

materials, heat treatments, etching, or other processes. One or more of chambers 804, 805, 

806, 807, and 808 can be a pulsed-DC PVD chamber such as that discussed above with 

respect to Fi~ lA and lB and within which a LiCoOi film deposited according to 

embodiments of the present invention may be deposited. 

[084] Processing chambers 804, 805, 806, 807, and 808 as well as load locks 802 

and 803 are coupled by transfer chamber 801. Transfer chamber 801 includes substrate 

transfer robotics to shuttle individual wafers between processing chambers 804, 805, 806, 

807, and 808 and load locks 802 and 803. 

[085] In production of a conventional thin-film battery, ceramic substrates are 

loaded into load lock 803. A thin metallic layer can be deposited in chamber 804, followed 
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by a LiCoOa deposition performed in chamber 805. The substrate is then removed through 

load lock 803 for an in-air heat treatment external to cluster to'ol 800. The treated wafer is 

then reloaded into cluster tool 800 through load lock 802. A LiPON layer can be deposited in 

chamber 806. The wafer is then again removed from cluster tool 800 for deposition of the 

lithium anode layer, or sometimes chamber 807 can be adapted to deposition of the lithium 

anode layer. A second metallic layer is deposited in chamber 808 to form a charge collector 

and anode collector. The finished battery structure is then off-loaded from cluster tool 800 in 

load lock 802. Wafers are shuttled from chamber to chamber by robotics in transfer chamber 

801. 

[086] A battery structure produced according to the present invention could utilize 

thin film substrates loaded in a fixture such as fixture 700. Fixture 700 is then loaded into 

-- · -··-·---·-- load lock 803. Chamber 804 may still include deposition of a conducting layer. Chamber 

805 then includes deposition of a LiCoOa layer according to embodiments of the present 

invention. A LiPON layer can then be deposited in chamber 806. Chamber 807 may still be 

adapted to deposition of a lithium rich material such as lithium metal and chamber 808 can be 

utilized for deposition of the conducting layer of the current collector. In this process, no 

heat treatment is utilized to crystallize the Li~ layer. 

[087] Another advantage of a thin film battery process is the ability to stack battery 

structures. In other words, substrates loaded into cluster tool 800 may traverse process 

chambers 804, 805, 806, 807, and 808 multiple times in order to produce multiply stacked 

battery structures. Figures 9A and 9B illustrate such battery structures. 

[088] Figure 9A illustrates a parallel coupled stacking. As shown in Figure 9A, a 

substrate 601, which for example can be a plastic substrate, is loaded into load lock 803. A 

~nducting layer 603, for example about 2 µm of aluminum, copper, iridimn or other 

material, acts as a bottom current collector. Conducting layer 603, for example, can be 
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deposited in chamber 804. A LiCoO:z layer 602 is then deposited on conducting layer 603. 

LiCoO:z layer 602 can be about 3-10 µm and can be deposited in chamber 805 according to 

embodiments of the present invention. The wafer can then be moved to chamber 806 where a 

LiPON layer 901 of thickness of about .5 to about 2 µm can be deposited. In chamber 807, 

an anode layer 902, for example a lithium metal layer of up to about 10 µm, can then be 

deposited in chamber 807. A second conducting layer 903 can then be deposited over anode 

layer 902. A second battery stack can th.en be deposited over the first battery stack formed by 

metal layer 603, LiCo02 layer 602, LiPON layer 901, lithilDil layer 902, and cmrent 

collection conduction layer 903. Over current collection conductirig layer 903, another 

lithium layer 902 is formed. Another LiPON layer 901 is formed over lithium layer 902. 

Another LiCo02 layer 602 is fonned over LiPON layer 901 and finally another metal layer 

603 is fanned over LiCo02 layer 602. In some embodiments, fmther stackings can be 

fanned. In some embodiments, metal layers 603 and 903 differ in the mask utilized in 

deposition so that tabs are formed for electrical coupling oflayers. 

[089] AB discussed above, any number of individual battery stacks can be formed 

such that parallel battery formations are formed. Such a parallel arrangment of battery 

stacking structure can be indicated as Current collector/LiCo02/LiPON/Anode/current 

collector/Anode/LiPON/LiCo02/current collector/LiCo02 •.• /current collector. Figure 9B 

illustrates an alternative stacking corresponding to the battery structure current 

collector/LiCo021LiPON/anode/current collector/LiCo02/LiPON/anode/current collector ... 

/cmrent collector. In this case, a series arrangement battery stacking structure is formed 

because the individual battery stacks share anodes. 

[090] To fonn the structures shown in Figures 9A and 9B, substrates are rotated 

again through the chambers of cluster tool 800 in order to deposit the multiple sets of 

batteries. In general, a stack of any number of batteries can be deposited in this filshion. 
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[091] In some embodiments, stoichiometric LiCoOi can be deposited on iridium. 

Figures lOA through 100 illus1rate an anneal procedme for Li..CO deposition over an iridium 

layer that has been deposited on a Si wafer. The LiCoO:a deposition was accomplished as 

discussed above with a target power of 2 kW, no bias power, reverse time of 1.6 µs, a pulsing 

frequency of 300 kHz, with 60 seem Ar flow and 20 seem. of Oa flow, with no pre-heat for 

7200 sec. As a result, a layer of LiCoO:a of about 1.51 µm was deposited. 

[092] Figures 1 OA through 1 OD show XRD analysis of both as-deposited and 

annealed layers ofLiCoOi deposited as discussed above. The XRD analysis of the as

deposited layer demonstrates a shallow peak at 29 = 18.85° denoting a <003> orientation of 

crystalline LiCoQa, a sharper peak at about 20 = 38.07° corresponding with the desired 

<101> crystallographic direction, and a peak at 20 = 40.57° corresponding to the <111> 

direction of iridium. However, the position of the <101> LiCoOi peak indicates that the 

<101> LiCoO:a peak is nonstoichiometric LlCoOi. In order to be useful as a battery layer, 

stoichiometric LiCoOi provides for the best Li transport. One of ordinary skill in the art will 

notice that careful adjustment of deposition parameters can provide stoichiometric LiCoO:a of 

desired orientation. 

[093] Figure lOB shows an XRD analysis of the sample shown in figure lOA a~er 

a 300°C anneal in air for 2 hours. As shown in Figure 1 OB, the XRD peak corresponding to 

<003> LiCoO:a grows, indicating crystallization of LiCoOi into the <003> direction. Further, 

the <101> peakofLiCoOi shifts slightly to 29 = 38.53°, indicating a more stoichiometric 

crystamzation of the <101> LiCoOi. However, the crystalline LiCoOi is still not 

stoichiometric after this anneal. One of ordinm:y skill in the art will notice that longer anneals 

and/or further adjustment of the deposited stoichiometry may result in usefully oriented 

stoichiometric LiCoO:a layers with anneal tempemtmes at 300 °C or less. Consequently, low 

temperature materials such as polymers, glass, or metal may be utilized as the substrate. 
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[094] Figure 1 OC illustrates an XRD analysis from the sample after a subsequent 

500°C anneal in air for 2 hours. As shown in Figure lOC, more of the LiCoOi crystalizes 

into the <003> layer. Further, the <101> LiCoOi peak shifts again to 20 = 39.08°, indicating 

crystallization ofa <012> layerofLiCoOz. In this cas~ the <012> LiCoOi cyrstal is 

stoichiometric and therefore allows for efficient Li transport. One of ordinary skill in the art 

will notice that longer anneals and/or further adjustment of the deposited stoichiometry may 

result in usefully oriented stoichiometric LiCo{)z layers with anneal temperatures at 500°C or 

less. Consequently, low temperature materials such as polymers, glass, or metal may be 

utilized as the substrate. 

[095] Figure 1 OD illustrates an XRD analsysis of the sample after a subsequent 

anneal of 700°C in air for 2 hours. As shown in Figure 1 OD, the <003> LiCoOi. peak 

disappears, but the <012> LiCo{)z peak remains relatively the same as that shown in the 500° 

anneal illustrated in Figure 1 OC. 

[096] Figures lOA through 100 demonstrate deposition of <101> LiCoOi. at low 

temperature over an iridium layer. Subsequent anneals to 500°C may be desired to change 

the stoichiometry of the <101> LiCoOz layer, but anneals to 700 °C do not appear to be 

necessary. With anneal temperatures less than 500°C, depositions of a LiCoOi layer over a 

conducting iridium layer can be accomplished on glass, aluminum foil, plastic, or other low 

temperature substrate material. Anneal temperatures ofless than 500°C but greater than 

300°C or lengthening the time oflower temperature ann~ may also result in desired 

orientations of stoichiometric crystalline LiCoO,i. 

[097] Figures 1 lA through 1 lD illustrate formation of a single-layer battery 

according to some embodiments of the present invention. As shown in Figure l lA, a lift-off 

layer 1102 can be deposited on a substrate 1101. Further, an iridium layer 1103 can be 
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deposited over lift-off layer 1102. In some embodiments, substrate 1101 can be plastic, glass, 

Al foil, Si wafer, or any other material. Lift-off layer 1102 can be any lift off layer and can 

be a polymer layer such as polyimide, an inorganic layer such as CaF2 or carbon, or an 

adhesive layer that loses its adhesion as a result of, for example, oxidation, heat, or light. 

Lift-off layers are well known. Iridium layer 1103 can be from about 500 A or more. 

[098] As shown in Figure 118, a LiCo{h layer is deposited over iridium layer 

1103 as was discussed above. In some embodiments, an anneal can be performed at this step. 

In some embodiments, further layers of the battery may be deposited before an anneal step is 

performed. In some embodiments, a stoichiometric LiCoCh layer of a useful crystalline 

orientation may result in the as-deposited LiCo02 with no further anneals necessary. 

[099] Figure 11 C illustrates deposition of a LiPON layer 1105 over the LiCo(h 

layer, deposition of a Li layer 1106 over LiPON layer 1105, and deposition of an electrode 

. layer 1107 over Li layer 1106. In some embodiments, an anneal step of up to 500°C as 

discussed above may be performed here. 

[0100] As shown in Figure 110, the resulting single-layer battery formed from 

iridium layer 1103, LiCoCh layer 1104, LiPON layer 11 OS, Li layer 1106, and electrode layer 

1107 can be "lifted oft" from substrate 1101. Such a single-layer battery can be a free-

standing battery of thickness about 5 µm or greater. Such a battery, without the requirement 

of a substrate 1101, is well lmown to have the potential of energy storage of greater than 

about 1 kW-hr/liter. 

[0101] As an alternative to a lift-off process as described in Figures 1 lA through 

1 lD, a substrate may be removed during anneal leaving a single-layer battery. Further, in 

some embodiments, substrate 1101 can be removed by a solvent, etching, or a photo process. 

Fmther, single-layer batteries may be combined or stacked in any fashion to provide a device 

of greater energy storage at a particular voltage. 
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[0102) Figures 12A through 12L illustrate the crystallinity of as-grown and post 

anneal LiCoO:i layers according to samples 31 and 32 illustrated in Table I. Samples 31 and 

32 were formed in the same deposition, utilizing a silicon substrate and an alumina substrate, 

respectively. 

[0103] Figure 12A illustrates an XRD analysis of the ~deposited LiCoO:i film on 

A}z0] substrate (Example 32 in Table I). A broad <003> crystalline LiCoCh peak is 

observed. The remaining peaks in the analysis, which are not labeled in Figure 12A, result 

from the Ah0] substrate. The <003> peak is characteristic of the layered structure in the as

deposited cryst.alline LiCo(h film according to embodiments of the present invention. 

[0104] Figure 12B illustrates the crystallinity of the LiCo02 film shown in Figure 

12A after a 2 hr 700 °C anneal. As shown in Figure 12B, the <003> peak becomes sharper 

and higher, indicating better crystallinity. As shown in Figures 120 through 121, in 

comparison with figures 12C through 12F, the columnar structure ripens with the anneal and 

the grain size becomes larger with anneal. Figure 12B also shows <012> and <006> 

crystallinity peaks. 

[0105] Figure 12C through 12F show SEM photos of the granularity of the as

deposited film corresponding to Example 32 in Figure I. Figures 120 through 121 show 

SEM photos of the granularity of the annealed film, as illustrated in Figure 12B. A 

comparison of Figures 12C through 12F with 120 through 12J illustrate the increased 

granularity resulting from the anneal process. 

[0106] Figure 12K illustrates a~ cross-section SEM that illustrates the 

morphology of the as-deposited crystalline film corresponding to Example 31 in Table I. 

Figure 12L illustrate a similar cross-section SEM corresponding to the film grown according 

to Example 32 in Table 1 
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[0107] Figures 13A through 13J illustrate rapid thermal anneal processes applied to 

a LiCoO:i layer as in Example 49 of Table I. In that example, LiCoOz is deposited on 

alumina with a 2 kW pulsed DC power with no bias. Argon flow as set to 60 seem and 

oxygen flow was set to 20 seem. The deposition parameters are nearly identical with those of 

Ex.ample 32 in Table I, therefore XRD data for the as-deposited films are shown in Figure 

12A. Figure 13A shows XRD data after a 15 minute 700 °C anneal in an argon abnosphere. 

Ramp-up time (room temperature to 700 °C) is 45 sec and ramp-down time (700 °C to about 

300 °C) occurred over 10 min. At 300 °C, the sample is removed from the rapid-thermal-

anneal (RTA) oven and cooled in air to room temperature. As shown in Figure 13A, 

substantial crystallinity is obtained. Figure 13B shows XRD data after a RTA as descnDed 

with Figure 13A in an argon/oxygen atmosphere. The argon/oxygen ratio was 3:1. 

[0108] As shown in a comparison of Figures 13A and 13B, more crystallinity is 

observed in an argon only RTA than with a RTA performed in the presence of oxygen. This 

is further illustrated in a comparison of Figures 13C and 13D with Figures 13E and 13F. 

Figures 13C and 13D show the granularity of the LiCoO:i film after the RTA illustrated in 

Figure 13A. Figures 13E and 13F show the granularity of the LiCoOz film after the RTA 

illustrated in Figure 13B. As is observed, the granularity shown in Figures 13C and 13D 

(which differ in magnification) is better than that shown in Figures 13E and 13F (which also 

differ in magnification). 

[0109] Figures 14A through 14D illustrate several anneal processes with the 

Example 37 of Table I. In that example, LiCo02 was deposited on alumina utilizing a 

pulsed-de process with 2kW of power and 100 W of bias with an argon flow of 60 seem and 

an oxygen fl.ow of20 seem. 

[011 O] Figure 14A shows an SEM photo of an as-deposited LiCoOa film according 

to the process illustrated in Example 37 of Table I. Figure 14B shows an SEM photo of 
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LiCo(h film according to the process illus1rated in Example 37 of Table I, annealed 

conventionally with a two-hour 700 °C anneal. Figures 14C and 14D show SEM photos of a 

LiCo(h film according to the process illus1rated in Example 37 of Table I, annealed in an 

RTA process at 700 °C. The ramp-up and ramp-down times in the RTA process is illustrated 

above. Figure 14C shows an SEM photo of a LiCo(h film after an RTA process at 700 °C 

for five minutes whereas Figure 14D shows an SEM photo of a LiCoOi film after an RTA 

process at 700 °C for fifteen minutes. It is clear from a comparison of Figures 14C and 140 

with Figure 14B, that much better granularity is achieved with the low thermal-budget RTA 

process rather than the conventional furnace anneal. A low thermal-budget RTA process 

allows for deposition of such films on low temperature substrates. 

[0111] Figures 15A and 15B show SEMphotos ofa LiCoO:i film that was annealed 

in an RTA process utilizing two different ramp-up times, illustrating the effects of the ramp 

time in the RTA process. A LiCoO:i film was deposited on an alumina substrate according to 

the process described as Example 51 in Table L The film shown in Figure ISA was annealed 

with a 45 sec ramp-up time (i.e., room temperature to 700 °C in 45 sec). The film shown in 

Figure 15B was annealed with a 240 sec ramp-up time. Both films were held at 700 °C for 

five minutes. As shown in a comparison between Figures 1 SA and l 5B, it is clear that a short 

anneal ramp-up times yield better granularity than longer ramp-up times. 

[0112] Figure 17 illustrates battery ~ge and discharge profiles of a battery 

structure formed utilizing LiCoO:i films according to embodiments of the present invention. 

The LiCoO:i film in the battery profiled in Figure 17 was deposited according to Example 54 

in Table I. The LiCoO:i film was deposited on an almnina substrate with a gold current 

collector. The LiCoO:i film was annealed utilizing a fast-ramp (45 sec) RTA process as was 

descn'bed above. A 1.5 µm LiPON layer was then deposited with a standard RF deposition 

process without bias in a modified AKT reactor. A lithium anode and a nickel current 
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collector were then deposited. Data was taken at 0.33 mA, 1.65 mA, 3.3 mA, 16.5 mA, 33 

mA, and 66 mA. As observed, the battery was capable of storing an exceptional 25 mA/cm.2 

at voltages greater than 2.0 V. 

[0113] One skilled in the art will recognize variations and modifications of the 

examples specifically discussed in this disclosure. These variations and modifications are 

intended to be within the scope and spirit of this disclosure. As such, the scope is limited 

only by the following claims. 
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WO 2006/063308 

WHAT IS CLAIMED IS: 

1. A method of depositing a LiCo(h layer, comprising: 

placing a substrate in a reactor; 

PCT/US2005/044781 

flowing a gaseous mixture including argon and oxygen through the reactor; and 

applying pulsed DC power to a target formed of LiCo(h positioned opposite the 

substrate, 

wherein a crystalline layer of LiCo(h is deposited over the substrate. 

2. The method of claim 1, further including applying an RF bias to the substrate. 

3. The method of claim 1, wherein the crystalline layer is <101> oriented. 

4. The method of claim 1, wherein the crystalline layer is <003> oriented. 

5. The method of claim l, wherein a grain size of the crystalline layer is between 

about 750 A and about 1700 A. 

6. The method of claim 1 wherein the substrate is a material chosen from a set 

comprised of silicon, polymers, glasses, ceramics, and metals. 

7. The method of claim 1, further including preheating the substrate to a temperature 

of about 200 °C. 

8. The method of claim 1, wherein the substrate is a low temperature substrate. 

9. The method of claim 8, wherein the low temperature substrate is one of a set of 

substrates including glass, plastic, and metal foil. 

10. The method of claim 1, further including depositing an oxide layer on the 

substrate. 

11. The method of claim 10, wherein the oxide layer is a silicon dioxide layer. 

12. The method of claim 3, wherein the crystalline layer is deposited at a rate of 

greater than 1 µm per hour. 

35 
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13. The method of claim 1 wherein the target is a ceramic LiCoOi sputter target with a 

resistance measured across about 4 cm of smface of less than about 500 kn. 

14. The method of claim 1, further including depositing a metal layer on the 

substrate. 

15. The method of claim 14, wherein the metal layer is iridium. 

16. The method of claim 14, wherein the metal layer is platinum. 

17. The method of claim 1, further including annealing the crystalline layer with a 

low thermal budget. 

18. The method of claim 17, wherein annealing the crystalline layer includes 

annealing to 700°C in a rapid thermal anneal process for a period of time less than 

about 10 minutes. 

19. The method of claim 14, further including annealing the LiCoO:i layer at a 

temperature ofless than or equal to about 500°C. 

20. The method of claim 14, further including annealing the LiCoO:i layer at a 

temperature ofless than or equal to about 400°C. 

21. A battery structme, comprising: 

a crystalline LiCoOi layer deposited over a low-temperature substrate. 

22. The structure of claim 21, :further including a conducting layer deposited between 

the crystalline LiCoO:i layer and the low-temperature substrate. 

23. The structure of claim 22, wherein the conducting layer is an iridium layer. 

24. The structure of claim 22, wherein the conducting layer is a platinum layer. 

25. The structure of claim 21, :further including a· LiPON layer deposited over the 

LiCo~ layer. 

26. The st:ructure of claim 21, further including a second conducting layer deposited 

over the LlCoOi layer. 
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27. A stacked battery structure, oomprising: 

one or more battery stacks deposited on a thin substrate, wherein each battery 

stack comprises: 

a conducting layer, 

a LiCoOi layer deposited as a crystalline layer over the conducting layer, 

a UPON layer deposited over the crystalline LiCoOi layer, 

an anode layer deposited over the UPON layer; and 

a top conducting layer deposited over the one or more battery stacks. 

28. The stacked battery structure of claim 27, wherein the battery stacks form a 

parallel stacked battery structure. 

29. The stacked battery structure of claim 27, wh~ the battery stacks form a series 

stacked battery structure. 

30. The stacked battery structure of claim 27, wherein the conducting layer is a metal 

layer deposited on a substrate. 

31. The stacked battery structure of claim 30, wherein the metal layer is an iridium 

layer. 

32. The stacked battery structure of claim 30, wherein the metal layer is a platinum 

layer. 

33. The stacked battery structure of claim 30, wherein the substrate is a low 

temperature substrate. 

34. The stacked battery structure of claim 27, wherein the conducting layer is a 

metallic foil. 

35. The stacked battery structure of claim 34, wherein the metallic foil is formed of a 

metal from a group consisting of copper, gold, platinum, aluminum, stainless steel and other 

nickel or cobalt based super alloy. 

37 
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36. A method of producing a battery, comprising: 

loading a substrate into a cluster tool; 

PCT/US2005/044781 

depositing a crystalline LiCo(h layer over a conducting layer in a chamber of 

the cluster tool with a pulsed-de PVD process. 

37. The method of claim 36, wherein depositing a crystalline LiCo(h layer includes 

depositing crystalline LiCoC>i through a mask. 

38. The method of claim 36, further including 

depositing a conducting layer on the substrate. 

39. The method of claim 36, further including depositing a LiPON layer over the 

LiCo(h layer. 

40. The method of claim 39, further including deposition an anode over the LiPON 

layer. 

41. The method of claim 40, further including depositing a conducting layer over the 

anode. 

42. The method of claim 36, wherein the conducting layer is an iridimn layer. 

43. A fixture for holding a thin substrate, comprising: 

a top portion; and 

a bottom portion, wherein 

the thin substrate is held when the top portion is attached to the bottom 

portion. 
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SPRAYING METHOD TO FORM A THICK COATING AND PRODUCTS OBTAINED 

The present invention relates an apparatus and a method of spraying to fonn a 

coating on flat or cwved substrates, for example, either as part of the direct 
5 fonnation of metallic or ceramic coatings such as superconductive or piezo

electric layers or for the production of targets for sputtering magnetrons having 
coatings which are precursors of such layers. 

TECHNICAL BACKGROUND 

JO From EP-A-286 135 it is known to flame spray complex ceramic materials 
onto a substrate such as a tape to fonn a superconducting layer. It is suggested to 
pre-heat the substrate to temperatures above 540°C and to cool the coating 

slowly. It is further recommended to treat the coating in an atmosphere containing 

one of the components of the superconducting ceramic. An oxy-acetylene flame is 
15 used for the flame spraying. Thickness of up to 3 mm are described. 

It is also known from US S, 196,400 to plasma spray a coating onto a target 
for use in a sputtering magnetron to sputter a Y-Ba-CuO superconductor coating. 
Deposition of only a thin target coating of 0.5 mm is reported. 

The production of superconducting powders using flame spraying is 
20 reported in US 5, 140,005. An oxy-acetylene flame is used. It is tacitly accepted 

that the high temperature of the flame changes the stoichiometric ratios of the 

components and that this has ~o be compensated by increasing the more volatile 

components in the original mixtures. US 5,045,365 describes a method of cooling 
a oxy-acetylene flame-sprayed substrate with water. Without special precautions, 

25 water cooling is unsuitable for superconductors due to the water vapour produced. 
EP-A-355 736 describes production of flat targets with metal oxides up to 

a layer thickness of 3 mm. WO 98/0833 describes the production of< 20 micron 
thick layers of superconducting metal oxide mixtures. 

The article by Murakami et. al. "Rapidly Solidified Thick Deposit Layers 

30 of Fe-C-Mo Alloys by Flame Spraying" describes up to 1.5 mm thick rapidly 

CONFIRMATION COPY 
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2 
cooled thick layers of Fe-C-Mo alloys by flame spraying. Special precautions 

were taken to produce dense layers, e.g. direct application of cryogenic gas on the 

coating during application. 

EP-A-586 809 describes the metal spraying application of a layer of 

5 relatively homogeneous material (nickel coated silicon) which is much easier to 

handle than the heterogeneous oxide mixtures contemplated by the present 

invention. Layer thicknesses of up to 8 mm are described but 3 to 5 mm is 

preferred. Various layers are proposed including a Ni-Al layer for improving 

adhesion between the deposited layer and the substrate. A Ni-Al adhesion 

10 promoter is known from DE-A-33 18 828. 

Plasma spraying of superconducting materials is described in EP-A-288711 

up to a thickness of 250 micron. 

It is an object of the present invention to provide an apparatus and a 

method of spraying heterogeneous metal oxides to form a ceramic coating on flat 

15 or curved substrates. 

It is a further object of the present invention to provide an apparatus and a 

method of spraying heterogeneous metal oxides to form a thick walled ceramic 

coating on flat or curved substrates which is structurally sound. 

It is a further object of the present invention to provide an apparatus and a 

20 method of spraying to form a thick walled coating of a superconducting ceramic 

material. 

It is still a further object of the present invention to provide an apparatus 

and a method of spraying suitable for forming a thick walled ceramic coating on 

flat or curved targets to be used in a sputtering magnetron. 

25 It is still another object of the present invention to provide a method of 

producing a (magnetron) vacuum sputtering target as well as the target itself with 

improved thermal and electrical conductivity and high mechanical strength using 

a spraying process employing dedicated powder formulations. 

30 SUMMARY OF THE INVENTION 
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3 
One aspect of the present invention is to provide a substrate with a coating 

of a combination of metal oxides having a thickness greater than 3 mm more 

preferably !,'Teater than 5 mm and most preferably greater than 8 mm. Preferably, 

the coating is deposited by spraying, e.g. flame or plasma spraying. Preferably, 

5 the substrate is cylindrical and is more preferably is suitable as a cylindrical target 

substrate for a sputtering magnetron. The combination of oxides preferably 

comprises at least a superconductive precursor or a superconductor. The thermal 

conductivity of the deposited material is preferably between I and 5 wm·1 K"1
• 

When deposited on a steel substrate the thermal conductivity of the composite 

10 preferably lies within the range 25 to 125 Wm"1K"1
• These values are particularly 

preferred for YBa2Cu30 7 coatings. Preferably, an adhesion promoter layer is 

applied onto the substrate before application of the coating of the metal oxide 

combination. The adhesion promoter may be a layer of Ni-Al or a layer of an ln

alloy, for example. The deposited coating is preferably impact resistant, e.g. 

15 withstands impact of a 0.036 kg steel ball from a height of 2 metres. Preferably, 

about 20% or up to 30% of a noble metal is included in the oxide material to 

improve electrical and thermal properties of the deposited layer. The noble metal 

is preferably silver. The noble metal may in included as a salt or oxide, e.g. silver 

nitrate or silver oxide, in the material to be sprayed. Preferably, the electrical 

20 resistivity of the deposited layer is lower than 15 x 10-6 Ohm.m, more preferably 

lower than 10 x I 0-6 and most preferably less than 5 x 10-6 Ohm.m. Values below 

I x 10-6 Ohm.m can be achieved. Up to 30% of a noble metal such as silver may 

be added to lower the resistivity. These values are particularly preferred for 

YBa2Cu30 7 coatings. 

25 The electrical , thermal and mechanical properties of the coating deposited 

in accordance with the present invention should be sufficient that the deposited 

layer can be applied to a suitable substrate by means of a sputtering magnetron 

preferably at a static sputtering deposition speed of at least 5 nm/minute, more 

preferably, at 20 nm/minute and most preferably at at least 40 nm/minute. 

30 When a superconductor precursor or a superconductive material is 
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4 
deposited, at least I 0% of the coating is in the superconducting phase, more 

preferably 15%. This may be assisted by a subsequent limited thennal treatment, 

e.g .. 3 hours and 940°C, after deposition. 

The present invention also includes a method of depositing by spraying a 

5 superconductor precursor layer onto a cylindrical target for a sputtering 

magnetron, the layer having a thickness of at least 3 mm, and at least 10% of the 

layer being in a superconductive phase. The present invention also includes a 

method of depositing by spraying a layer onto a substrate, the layer having a 

thickness of at least 5 mm, and the coating comprising metal oxides. 

IO In accordance with one aspect of the present invention a flame spraying 

apparatus is provided for depositing a metal oxide combination onto a substrate to 

produce a coating thereon, comprising: a burner for producing a flame; an inlet 

for feeding material to be sprayed through the flame, the flame imparting a 

temperature to the material to be sprayed of 1500°C or less, preferably 1200°C or . 

1 S less. Preferably the temperature imparted may be a little higher than the melting 

point of the powder to be sprayed, e.g. 600 to 1000°C for some metal oxides. 

Preferably, the thickness of the deposited coating is greater than 3 mm more 

preferably greater than 5 mm and most preferably greater than 8 mm. 

Another aspect of the present invention is to provide a flame spraying 

20 apparatus for depositing a metal oxide combination onto a substrate to produce a 

coating thereon, comprising: a flame spraying gun; and a cooling system for the 

substrate, the cooling system including a device for bringing a cryogenic fluid into 

contact with the substrate. Preferably, the thickness of the deposited coating is 

greater than 3 mm more preferably greater than 5 mm and most preferably greater 

25 than 8 mm. The input material for the sprayer may be a liquid solution of soluble 

compounds (e.g. nitrates) which decompose thermally into ceramic component 

oxides, liquid slurries of the ceramic components or metal powders, or dry metal 

or ceramic powders or precursors of the ceramic components, e.g. nitrates, of 

such powders. 

30 The present invention may provide a method of flame spraying a 
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5 
combination of metal oxide materials onto a substrate to produce a coating 

thereon, comprising: generating a flame; feeding the material to be sprayed 

through the flame, the flame imparting a temperature to the material to be sprayed 

of 1500°C or less, preferably 1200°C or less. Preferably the temperature imparted 

5 may be a little higher than the melting point of the powder to be sprayed, e.g. 600 

to l 000°C for some metal oxides. 

The present invention may also provide a method of flame spraying metal 

oxide combinations onto a substrate to produce a coating thereon, comprising: 

generating a flame for spraying the materials; and cooling the substrate by 

10 bringing a CJ)'ogenic fluid into contact with the substrate. 

The present invention may also provide a method of flame spraying a 

superconducting ceramic material or a precursor thereof onto a substrate to 

produce a coating thereon, comprising: generating a flame for spraying the 

ceramic material; depositing the coating on the substrate; and during deposition of 

15 the coating, cooling the substrate so that the solidified coating thereon has a 

temperature between room temperature (-25°C) and 150°C, preferably room 

temperature (-25 °C) and I 00°C. Water or ccyogenic fluid cooling are particularly 

preferred. 

One linking concept between the above methods and apparatus is control 

20 of the total heat energy into the spraying/coating system. This can be achieved by 

careful control of parameters which influence the energy input such as spraying 

distance, spray head traverse speed, rotation speed of a cylindrical substrate, 

powder dwell time in the hot exit plume from the spray head, particle velocity 

exiting the spray head, cooling method and rate of cooling the substrate during 

25 coating deposition. 

The present invention also includes a method of reconditioning a target for 

a sputtering ma!,'lletron by flame spraying or atmospheric plasma spraying as well 

as a reconditioned target as made in accordance with the method. The target 

material or coating is preferably a ceramic coating, in particular a 

30 superconducting or superconductor precursor coating. 
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6 
The final coating is preferably a metallic or ceramic layer, in particular a 

superconducting or piezo-electric layer or a precursor thereof. The present 

invention includes a method of spray drying a liquid to form a powder suitable for 

flame spraying. The spray dried powder may be sintered. The present invention 

5 also includes a manufacturing method for depositing a coating on a substrate 

comprising the steps of: spray drying a precursor liquid to form a powder and 

flame spraying the powder to form a coating on a substrate. The substrate may be 

a target for a sputtering ma1:,111etron and the final coating may sputtered onto a final 

substrate in the sputtering magnetron. The ceramic powder may be sintered after 

1 O the spray drying step. The flame of the flame spray gun preferably imparts a 

temperature to the powder to be sprayed of 1500°C or less, preferably 1200°c or 

less. Preferably the temperature imparted may be a little higher than the melting 

point of the powder to be sprayed, e.g. 600 to 1000°C for some metal oxides. 

During flame spraying the target is preferably cooled by bringing a cryogenic 

15 fluid into contact with the target. In particular the cooling device should maintain 

the solidified coating at a temperature between room temperature (-25°C) and 

150°C, more preferably between room temperature (-25°C) and 100 °C. 

The present invention includes an apparatus for spray drying a liquid to 

fonn a powder suitable for flame spraying. The present invention may also 

20 include an apparatus for depositing a coating on a substrate comprising: a spray 

drier for drying a precursor liquid to a powder, and a flame sprayer for flame 

spraying the powder to form a coating on a substrate. The substrate may be a 

target for a magnetron. Additionally, a sputtering magnetron for sputtering the 

final coating onto the final substrate using the target may be provided. The flame 

25 of the flame spray gun preferably imparts a temperature to the powder to be 

sprayed of slightly above the melting point of the sprayed material. Preferably the 

temperature imparted is I500°C or less, preferably 1200°C or less. Temperatures 

of 600 to 850 °C may be suitable for some metal oxides. In the flame sprayer a 

cooling system for the target is preferably provided, the cooling system including 

30 a device for bringing a cryogenic fluid into contact with the target. ln particular 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1230 of 1543



WO 99/61674 PCT /EP99/03599 

7 
the cooling device should maintain the solidified coating at a temperature between 

room temperature (-25°C) and 150°C, more preferably between room 

temperature (-25°C) and 100 °C. 

The above methods may be used, for example, either as part of the direct 

5 formation of superconductive or piezo-electric layers on the substrate, e.g. a tape, 

or for the production of coatings on targets for use in a sputtering magnetron to 

sputter a superconducting layer onto a final substrate. The present invention may 

provide oxide sputtering targets supporting very high power dissipation thus 

enabling high sputter deposition rates of at least 50 nm/min. 

1 O The dependent claims describe additional individual embodiments of the 

present invention. The present invention will now be described with reference to 

the following drawings. 

BRIEF DESCRIPTION OF THE ORA WINGS 

15 Fig. 1 is a schematic representation of a flame spraying apparatus in 

accordance with one embodiment of the present invention. 

Fig. 2 is a schematic representation of a flame spraying apparatus in 

accordance with another embodiment of the present invention. 

Fig. 3 is a schematic representation of a spray drying apparatus in 

20 accordance with another embodiment of the present invention. 

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

The present invention will be described with reference to certain specific 

embodiments and with reference to certain specific drawings but the invention is 

25 not limited thereto but only by the claims. In particular, the present invention will 

mainly be described with reference to the deposition of a superconductor 

precursor or superconductive coatings but the invention is not limited thereto but 

may be used advantageously with other heterogeneous coatings such as ceramic 

coatings, particularly those having special properties such as piezo-electric 

30 coatings and in particular coatings which contain components which can be 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1231 of 1543



WO 99/61674 PCT/EP99/03599 

8 
det:,rraded by high temperatures or which are more volatile than other components. 

More particularly the present invention will be described with reference to the 

manufacture of YBa2Cu301 superconducting powders and coatings but the 

invention is not limited thereto but only by the claims. Further one way of 

5 carrying out the present invention will be described with reference to low 

temperature flame spraying but the present invention is not limited thereto. By 

carrying out the invention in accordance with the processing details and principles 

described below thick layer (&rreater than 3 mm, more preferably greater than 5 

mm and most preferably greater than 8 mm) metal oxide combination coatings 

IO suitable for use as a sputtering magnetron target have been applied by oxy

acetylene flame spraying with water cooling or by atmospheric pressure or low

pressure plasma spraying to substrates including cylindrical substrates used in 

rotating cathode magnetrons. During plasma spraying gasses may be used such as 

argon or mixtures of argon and other gasses to shield the plasma spray. Also the 

15 present invention will mainly be described with reference to an input to the flame 

spraying head of spray dried powder. The present invention is not limited thereto 

but includes other fonns of input materials such as a mixture of the metal oxides, 

including slurries thereof or mixtures of precursors of metal oxides such as metal 

nitrates as well as slurries and solutions thereof. 

20 Fig. 1 is a schematic diagram of the flame spraying apparatus 10 in 

accordance with a first embodiment of the present invention. A flame spraying 

gun is represented schematically at 12. The gun 12 may be a commercially 

available flame spraying gun as for instance available from Sulzer Metco, 

Westbury, NY, USA or a high velocity oxy-fuel spraying gun available from the 

25 same company. The gun 12 may be provided with an air pincher. The gun 12 may 

be fed with fuel gas in pipe 22, oxygen in pipe 23 and gun cooling air in pipe 24. 

Additional gases may be supplied to the gun 12 as described for instance in US 

5,273,957 or EP-A-413 296. Material to be coated is fed in powder or liquid 

fonn, e.g. a dry powder, a slurry of the powder and a liquid or in solution, to the 

30 gun via conduit 26 from hopper 21: Gun 12 is mounted on a drive (not shown) 
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which provides the necessary movements of the gun 12 to coat the substrate 19. 

When substrate 19 is a cylindrical target, for instance, for a rotating cathode 

magnetron, this may be rotated and the movements of the gun 12 may be simple 

reciprocating movements parallel to the axis of the target 19. If the substrate 19 is 

5 a flat rectangular or circular plate, the movements may be provided by a suitable 

robot and may be complex, e.g. including rotational cycloidal motions. For rapid 

deposition several guns 12 may spray the same substrate 19 at the same time. 

The fuel gas for the gun 12 may be selected from one of acetylene, 

propylene, hydrogen or similar fuels but the present invention is not necessarily 

IO limited thereto. Particularly preferred in one embodiment of the present invention 

is a fuel with a lower calorific value such as one of ethylene, natural or town gas, 

butane or propane as these provide a lower temperature flame than acetylene and 

butane is particularly preferred as it gives a stable easily controllable flame and is 

considered safer than acetylene if powders containing copper compounds are 

15 used. It is generally accepted that oxy~acetylene flames have temperatures of 2000 

°C and more. It is preferred in accordance with an embodiment of the present 

invention if the flame of the flame spraying gun 12 imparts a temperature only 

sufficient to just melt the powder to be sprayed. Temperatures of 1500 °C or less 

and preferably 1200 °C or less are preferred and temperatures between 600 and 

20 I 000 °C may be more preferable. These low flame temperatures minimise 

decomposition of the ceramic powder components during flame spraying. 

Moreover, they limit the impact of evaporation of the materials to be flame 

sprayed and allow a deposition efficiency of more than 80%, i.e. more than 80% 

of the solid mass originally introduced into the gun 12, becomes attached to the 

25 substrate 19. Mechanically stable, scratch resistant flame sprayed coatings are 

produced with these low temperatures. 

The gun 12 is preferably held at 7 to 15 cm from the substrate 19 to be 

coated but this depends upon the size of the flame. Similar coatings have been 

obtained using both oxy-acetylene flame spraying and plasma spraying. Attention 

30 must be paid to the energy taken up· by the sprayed particles during the spraying 
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and the transfer of this energy to the substrate. Intensive cooling of the substrate is 
preferred which may be on the side of the substrate remote from the deposited 

layer and/or on the same side. By altering the velocity of the particles in the flame 

or plasma the dwell time therein may be altered, thus limiting the energy uptake 
5 by the particles. 

The material of substrate 19 preferably has a high melt temperature and a 

high thermal conductivity and when the substrate 19 is to be used as a target for a 

sputtering magnetron a good electrical conductivity is preferable. It is also 

preferred if the thermal expansion of the substrate material is similar to that of the 
1 O ceramic coating to be applied. In accordance with embodiments of the present 

invention low temperature flame spraying and/or intense cooling of the substrate 
19 allows the use of substrates 19 with a thermal expansion coefficient up to at 
least twice or down to at least a half of the thermal expansion coefficient of the 

ceramic coating. A non-limiting list of suitable materials may be steel, iron, 

15 stainless steel, copper or copper alloys, however the low temperature flame 

spraying process in accordance with the present invention, either independently or 

in combination with intense cryogenic cooling of the substrate 19, allows other 

materials to be used such as paper, cardboard or polymeric materials. Preferably, 

the substrate 19 should be free of grease and dry before deposition. Preferably, 

20 the outer surface of metals is sand blasted and then lapped with abrasive 

materials. Buffer layers between the substrate and the sprayed coating may be 

used such as Ni-Al or an In-alloy. These may be applied by flame or plasma 

spraying before application of the metal oxide coating .. 

Where the substrate 19 is rigid it may be mounted in a suitable jig. For 

25 example, a cylindrical substrate 19 is preferably mounted in a rotating device such 

as a lathe. The substrate 19 may be held by rotatable chucks at each end thereof. 

The temperature of the solidified flame sprayed coating 40 on the surface of the 

substrate 19 is preferably measured by a temperature sensor 13, 15. The sensor 

head 13 is preferably a remote sensing optical head which is not in contact with 

30 the surface 40 of the flame sprayed coating. The temperature to be measured is of 
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the solidified coating 40 and not that of the coating immediately on impacting the 
substrate 19 which may have a higher temperature. Hence, the temperature sensor 
13 is preferably mounted so that it lags behind the impact position of the flame 

sprayed materials a little. In addition a temperature sensor 31 may be provided 
5 inside the substrate 19 for further control of the deposition process. Control of 

deposition temperature is an important aspect of the present invention. Control of 
temperature affects the amount of thermal stress in the coating, a low stress 

reducing the possibility of cracks forming in the coating. 

In accordance with one embodiment of the present invention a means for 
1 O intense cooling of the substrate 19 is provided. This is preferably a cryogenic 

cooler comprising a supply 16 of cryogenic fluid and a delivery system 11, 14, 17, 
29, 30. The delivery system may be adapted to the form of the substrate 19. For 
example, for a cylindrical substrate 19 the cooling device may be a conduit 17 for 

supplying the cryogenic fluid to a control valve 11, a conduit 30 with regularly 

15 spaced holes 29 for distribution of the cryogenic fluid inside the substrate 19 and 

a control device 14 for receiving the output of the temperature sensor 13, 15 and 
for controlling the operation of the control valve 11 so as to maintain the surface 
temperature of the solidified coating 40 to within a certain range. Particularly 

preferred is a temperature range from room temperature (25 to 30°C) to 150 °C 
20 and more preferably room temperature to I 00 °C. These low temperatures avoid 

thermal stresses between the coating 40 and the substrate 19 providing a good 

bond and good coating density, hardness and scratch resistance thus helping to 
ensure the long term stability of such a coating. Using a cryogenic fluid such as 

liquid nitrogen (77 °K) is quite advantageous and economical as it does not 

25 require the complication of perfectly sealed rotating inlets and outlets to the 
substrate 19 when water or other liquid coolants are used. Additionally, cryogenic 

fluids such as liquid nitrogen produce large temperature gradients, thus increasing 
the thermal sink-effect. Other liquid coolants such as water are not excluded from 

the present invention. 

30 The cylindrical substrate 19 may be sealed by a seal 26 at one end and with 
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a rotating seal 28 at the other. The seal 28 may be provided with a sealed 

feedthrough 27 for the supply of cryogenic fluid. If water cooling is used, rotating 

seals at both ends of the cylindrical substrate are considered very important to 

prevent escape of water vapour into the deposition environment. In accordance 

5 with an embodiment of the present invention it is preferred if the ends 26, 27 

allow escape of a cryogenic fluid which then forms a shield gas around substrate 

19 during the spraying process. Particularly preferred cryogenic fluids are liquid 

nitrogen, liquid oxygen and liquid air. With some complex ceramic materials, one 

or more components may be reduced in the spraying process. For such materials it 

IO may be advantageous to use a shield gas including oxygen, e.g. liquid air or liquid 

oxygen, which may help to reoxidise the reduced component. On the other hand 

with other complex ceramics it may be advantageous to reduce the contact time 

with oxygen at high temperatures, under which conditions liquid nitrogen would 

be pref erred, or a reducing gas may be included such as hydrogen. It is preferable 

15 to control the atmosphere in the vicinity of the substrate 19 during coating 

deposition to prevent the presence of excessive water vapour and in particular to 

prevent condensation of water on the substrate 19. This may be achieved by 

generally air conditioning the air around the substrate 19 to reduce its dew point. 

It is preferred if the deposition rate is selected in order to maintain the 

20 substrate surface temperatures mentioned above. Asswning the cylindrical 

substrate as shown in Fig. 1, the rotation speed of the substrate 19, the linear 

speed of the gun 12 and the rate of material exiting the gun 12 may be controlled 

to achieve the temperatures specified above. For instance, it has been found that 

when using cylindrical substrates made of stainless steel of 15 cm diameter and 

25 up to 40 cm long, a powder delivery of 5-10 g/min was suitable to produce 3 -10 

mm coatings when depositing a YBa2Cu301 layer. The rotational speed of the 

substrate 19 may be in the range l 0 to 100 RPM with a surface speed in the range 

I to 40 m/min and the longitudinal feed of the gun 12 in the range 1-3 m/min, 

typically 2 m/min. The deposition rate per reciprocating pass of the gun 12 may 

30 be JO to 50 micron thickness of the coating. About 10% to 15% of the deposited 
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coating had maintained the lattice structure of the powder and exhibited 

superconducting properties. It will be appreciated by the skilled person that 

incr:easing the deposition speed, deposition thickness per pass or the flame 

temperature or reducing the thermal conductivity of the substrate material will 

5 increase the thermal load on the cooling system and adjustments of one or more of 

these parameters may be necessary to obtain satisfactory coatings. The thermal 

conductivity of the deposited material is preferably between 1 and 5 wm-1K 1
• 

When deposited on a steel substrate the thermal conductivity preferably lies 

within the range 25 to 125 wm-1K-1
• These values are particularly preferred for 

IO YBa2Cu30 7 coatings. Preferably, an adhesion promoter layer is applied onto the 

substrate before application of the coating of the metal oxide combination. The 

adhesion promoter may be a layer of Ni-Al or a layer of an In-alloy, for example. 

The deposited coating is preferably impact resistant, e.g. withstands impact of a 

0.036 kg steel ball from a height of 2 metres. Preferably, about 20% or up to 300/o 

15 of a noble metal is included in the oxide material to improve electrical and 

thermal properties of the deposited layer. The noble metal is preferably silver. 

The noble metal may in included as a salt or oxide, e.g. silver nitrate or silver 

oxide, in the material to be sprayed. Preferably, the electrical resistivity of the 

deposited layer is lower than 15 x 10-6 Ohm.m, more preferably lower than 10 x 

20 10-6 and most preferably less than 5 x 10-6 Ohm.m. Values below 1x10-6 Ohm.m 

can be achieved. Up to 30% of a noble metal such as silver may be added to lower 

the resistivity. These values are particularly preferred for YBa2Cu301 coatings. 

Fig. 2 is a schematic representation of a further embodiment of the flame 

spraying process and apparatus in accordance with the present invention. 

25 Components in Fig. 2 with the same reference numbers as in Fig. 1 refer to 

equivalent items. The substrate 19 in accordance with this embodiment is a foil or 

sheet of metal, plastic or other flexible material which is wound from a pay-off 

spool 32 to a take-up spool 36. Where the final coating 40 cannot be spooled, the 

foil with coating 14 may be drawn linearly from the pay-off spool 32 and cut into 

30 lengths. The coating 40, which may be a superconducting layer, is flame sprayed 
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with a flame spray gun 12 similar to the one described with respect to Fig. 1. In 

particular it is preferable to use a fuel with a lower calorific value than acetylene 

such as natural or town gas, butane or propane. Preferably, the temperature of the 

flame of the gun 12 imparts a temperature of 1500 °C or less, more preferably 

5 1200 °C or less to the material being sprayed through the flame. This material 

may be in the form of powder either of finished components of the coating 40, 

e.g. oxides, or precursors thereof, e.g. nitrates, or may be in the form of a slurry 

of powders, e.g. oxides, or a solution, e.g. of nitrates. Gun 12 may be controlled 

by hand or more preferably by a robot to provide zigzag motions across the width 

1 O of foil 19 thus applying an even coating 40. Preferably a layer of 10 to 50 micron 

thickness is applied in each pass. 

The temperature of the coating 40 may be monitored by one or more 

optical sensors 13, 15. The temperature of the foil 19 is regulated by means of a 

cryogenic fluid supplied from a container 16 to a series of holes or jets 29 via 

1 S conduit 17, a controllable valve 11 and a conduit 30. The valve 11 is controlled 

by a controller 14 to maintain the temperature of the foil as determined by the 

sensor 13, 15 to less than 400 °C, preferably less than 150 °C and most preferably 

between 50 and 100 °C. Such low temperatures allow a wide range of materials 

for substrate 19 including polymeric materials, cellulosic materials as well as 

20 metals. Although only one controller 14 is shown the present invention includes 

several controllers each with its own controllable cryogenic cooling device 11, 29, 

30 for individually controlling the temperature of different parts of the foil 19 or 

coating 40. Optionally, an optical encoder 34 may be attached to a roller 35. The 

optical encoder may be read with an optical sensor 37, 38, the pulse frequency 

25 generated in the sensor 37, 38 being proportional to the linear speed of the foil 19. 

This value may also be used by the controller 14 to control the complete process 

to maintain the temperatures and coating thicknesses mentioned above. 

When producing superconducting coatings 40, it is preferred if there is no 

condensation of water onto the coating 40 nor onto the foil 19 so it is preferred if 

30 the atmosphere around the deposition equipment is air conditioned to reduce the 
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dew point to below ambient temperature. Preferably the coated substrates in 

accordance with this invention are preferably stored for long periods in a plastic 

bag.filled with a dry inert gas such as dry nitrogen. One aspect of the present 

invention is the flame spraying of powders which already have superconducting 

5 properties in the powder form. Using the methods in accordance with the present 

invention it is possible to flame spray such coatings and retain 10% to 15% of 

superconducting property of the coating 40 produced without extensive post-heat 

treatments. 

The superconducting and/or ceramic powder and/or metallic powder to be 

IO used for flame spraying is preferably homogeneous, exhibits the appropriate 

rheological properties and correct stoichiometry to generate the required 

properties in the final coating. Typical pref erred densities for superconducting 

powders may lie in the range 4 to 5 g/cm3
. A non-limiting list of suitable materials 

which may be flame sprayed as powders, slurries or liquid solutions in 

15 accordance with the present invention are: superconducting materials such as 

R1Ba2Cu30y where R is Y, La, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu; or Bh. 

xPbxSr2Can.1 CunOy, Tl2Ba2Can-1Cun02n+3, HgBa2Can-t Cun02n+2+i;; or Ba2Can-

102n+ 2, or CaBa2Ca0.1Cu0020~0; or cuprate high temperature superconductors of 

the general formula AmE2Rn.1 Cu00 2n+m+2 where A, E, R are selected from various 

20 cations such as A= Bi, Tl, Hg, Pb, Cu or a lanthanide element, E =Ba or Sr and R 

;;;;: Ca or rare earth element; or piezo-electric ceramics, for example, with the 

general formula M(ZrxTi 1.x)03 where M =Pb, Ba or Sr; or refractory ceramic 

oxides, nitrides, carbides or phosphates, e.g. A1i03, MgO, ZrxOy; or metals and 

their alloys. 

25 In accordance with a further embodiment of the present invention a method 

is provided for production of suitable ceramic powders. By starting from aqueous 

solutions containing the salts of the metals in the correct proportions a reactive 

precursor powder can be obtained using commercially available spray drying 

equipment in batches of kilograms. The type of salt (mostly nitrates) should 

30 preferably be compatible with themial decomposition to oxides in further 
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processes such as sintering or flame spraying. In accordance with the present 

invention spray dried nitrate powders may be flame sprayed directly or the 

powders may first be sintered and then flame sprayed. 

A spray drying system 50 in accordance with an embodiment of the present 

5 invention for the delivery of powder suitable for subsequent flame spraying is 

shown schematically in Fig. 3. The input liquid is drawn from a suitable source 53 

via a peristaltic pump 54 to a spray head 71. Pressurised air SI is drawn in 

through an air dryer and optional pre-heater 52 to the spray head 71 by a suction 

device such as a fan 63 at the end of the generally closed system. The liquid from 

10 source 53 enters the spray head 71 which is cooled by any suitable means 55 to 

prevent clogging due to early evaporation of the liquid. The liquid is atomised in a 

co-current two fluid nozzle 71 by the dry pressurised air 51 and discharged it into 

a chamber 56 where it dries to a powder. The liquid from source 53 may be a 

solution of suitable nitrates or a slurry of the relevant oxides with the addition of 

15 other agents such as binders. 

Air 65 is drawn in by fan 63 over a heater 64 and introduced into chamber 

56 via a ring orifice 72 which surrounds the outlet of the spray head 71. The air 

65 also heats the spray head 71. The circumferential air flow 65 guides the 

evaporating liquid in chamber 56 and helps to prevent the powder sticking to the 

20 walls of the chamber 56. The air throughput of fan 63 is chosen so that powder of 

the correct b1fain size is swept from chamber 36 through an optional heater section 

58 into a powder collector 59. Heavier particles settle out in trap 57 and are 

removed from the bottom of chamber 56. 

The powder collector 59 may be any suitable device such as a cyclone, a 

25 bag filter or an electrostatic filter although a cyclone is preferred. The cyclone 

discharges the powder into a removable container 60 sealed to the bottom of the 

cyclone 59. Spent air is removed via the trap 61 and scrubbed in scrubber 12 to 

remove impurities. The final clean air is exhausted to atmosphere by the fan 63 

which controls air flow through the system. 

30 The control system 66 - 70 for the process functions as follows. The 
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rotational speed of the centrifugal air pwnp 53, the temperature of the heating 

element 64 and the flow of the atomised air are set with controller 67, 70. Air 

flow is measured by gauge 68. The temperature of the hot air 65 and the air in the 

tube leading from the chamber 56 to the optional heater 58 is monitored using 

5 thermocouples 66, whereas final powder temperature is monitored by temperature 

sensor 69. 

After spray drying, the powder may be sintered in a single step. For 

example, to produce a superconducting powder of the general formula 

YBa2Cu301 with optional Ag, the required nitrates are dissolved in water in the 

1 o correct stoichiometric proportions and spray dried as indicated above. The nitrates 

are then reduced to oxides by sintering at 920 - 960 °C for 40 to 60 hours. 

Optionally the nitrates may first be reduced by heating in air at 780 °C for 10 

hours before sintering at the above temperatures and times. The YBa2Cu301 

powder produced by this procedure is superconducting. On aspect of the present 

15 invention is to produce powders with superconducting properties by spray drying 

and optional sintering and then to flame spray these superconductive powders at 

the lowest flame temperatures necessary to obtain melting of the powder and 

coating formation on the substrate while cooling the coating in the fastest possible 

way. By this procedure the crystal structure present in the superconducting 

20 powder is disturbed as little as possible by the flame spraying process. Of course, 

melting the powder during flame spraying causes complete loss of crystal 

organisation if the time in the melt is long. By lowering the flame temperature and 

shortening the time in the melt phase by cooling the coating very rapidly in 

accordance with the present invr.ntion, some local crystal organisation is kept in 

25 the final flame sprayed coating, e.g. about 10% of the final coating is in the 

superconducting phase, thus providing a coating on the substrate with an optimum 

starting condition for further heat processing to develop full superconducting 

properties. The addition of the metallic silver enhances the thermal and 

mechanical properties in later flame spraying and magnetron sputtering. 

30 Alternatively, the powder for- flame spraying may be spray dried from 
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slurries of the relevant oxides in the correct stoichiometric proportions with the 

optional addition of silver in the above apparatus in accordance with the present 

invention. For instance, in the manufacture of a ceramic material the mixture of 

oxides may be produced by individually sieving them to 40 micron and then 

S mixing in the correct proportions to obtain the stoichiometric proportions in the 

final coating. A quantity of deionised water is added of about 60% by weight of 

the powder as well as a quantity of an organic binder such as PV A (polyvinyl 

acetate) equal to about 2% by weight of the powder and then mixed into a slurry. 

The slurry is then spray dried as described above resulting in powder with a grain 

10 size from 30 to 50micron. Generally, spray dried oxide slurries do not require 

sintering before flame spraying. The organic binder may be burnt out during 

flame spraying or in a special sintering step. 

Spray chying of I 0% by weight nitrate solutions generally produce grain 

sizes of 3 micron on average with at least 90% of the grains between 0.5 and 5 

1 S microns. In order to obtain the required grain size it is preferable to sinter as 

mentioned above. Light grinding and sieving of this sintered powder may produce 

a mass fraction of more than 80% with grain sizes between 40 and 80 micron. By 

the variation of appropriate concentrations of the solution of the aqueous media 

53, and/or the addition of binders and/or the spray drying of slurries rather than 

20 solutions, allows control of the grain size in the final powder to between 2 and 

100 microns. For example, the present invention includes the addition of organic 

binders such as polyvinyl acetate (PV A) to the liquid to be spray dried to control 

grain size in the final powder. Such binders may be burnt out in a later high 

temperature process such as sintering. An average grain size of 40 to 80 microns 

25 is preferred for good flame spray deposition. The final powder may be lightly 

milled and sieved to be improve the homogeneity of grain sizes. 

One aspect of the present invention is the inclusion of silver metal in the 

final superconducting ceramic coating. This is achieved as mentioned above by 

inclusion of about 20% to 30% by weight of the ceramic materials of silver nitrate 

30 when nitrate solutions are spray dried and the flame sprayed or by addition of 
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AgiO powder in an oxide sluny which is then spray dried and flame sprayed. The 

addition of silver in the flame sprayed material is beneficial for the inter-grain 

adh~sion and heat dispersal during flame spraying thus yielding a strong and 

dense coating. The silver improves the thermal and electrical conductivity of the 

5 flame sprayed coating which is beneficial to the sputtering process when the 

substrate is used as a sputtering target. The improved conductivities allow higher 

power throughput for the magnetron than targets not containing silver. 

The flame spraying process in accordance with the present invention 

allows the reconditioning of targets for sputtering magnetrons. It is well known 

l O that the presence of a static race-track plasma on a magnetron target during 

sputtering results in an erosion groove and poor target utilisation. Using the flame 

spraying process of the present invention such a worn target may be reconditioned 

by spraying the appropriate target material into the erosion groove and building 

up the target to its former thickness in these regions. By providing the intensive 

15 cryogenic cooling described above, the general target temperature may be kept 

below 400 °C, preferably below 150°C and most preferably between room 

temperature (-25°C) and 100°C. These low temperatures result in little damage to 

the existing target material while still providing a mechanically strong coating in 

the old erosion grooves. Such as process is particularly economic when the target 

20 material is expensive such as superconducting materials. The flame spraying gun 

12 described above may be hand held and the contour of the erosion groove in the 

used target followed building up the lost material slowly, preferably 10 to 50 

micron per pass. Preferably the gun 12 is controlled by a robot which is 

probrrammed to execute the correct motions with the gun 12 to fill up the erosion 

25 groove in the target. 

While the invention has been shown and described with reference to 

pref erred embodiments, it will be understood by those skilled in the art that 

various changes or modifications in form and detail may be m~de without 

departing from the scope and spirit of this invention as defined in the attached 

30 claims. 
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CLAIMS 

I. A composite comprising: a substrate and a coating deposited on said substrate, 

the coating being deposited by spraying, the thickness of the coating being at least 5 

mm, more preferably greater than 8mm, the coating comprising metal oxides. 

2. The composite according to claim I, wherein the coating comprises a 

superconductor precursor and at least 10% of the coating is in a superconductive 

phase 

10 3. The composite according to claim I or 2, wherein the composite is a target for a 

sputtering magnetron. 

4. The composite according to claim 3, wherein the target is cylindrical. 

15 5. The target for a sputtering magnetron comprising: a cylindrical substrate and a 

coating deposited on said substrate, the coating being deposited by spraying, the 

thickness of the coating being at least 3mm, more preferably at least 5 mm, most 

preferably greater than 8mm, the coating comprising a superconductor precursor and 

at least 10% of the coating is in a superconductive phase. 

20 

6. The target or a composite in accordance with any previous claim, wherein the 

coating has a thennal conductivity of between 1 and 5 wm-1K"1
• 

7. The target or a composite in accordance with any previous claim, wherein the 

25 thennal conductivity of the composite or the target through the substrate and the 

coating is in the range 25 to 125 Wm"1K 1
• 

8. The target or a composite in accordance with any previous claim, wherein the 

coating has an electrical resistivity of lower than 15 x 10-6 Ohm.m, more preferably 

Jo lower than 10 x l 0"6 and most preferably less than 5 x l 0-6 Ohrn.m. 
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9. The target or a composite in accordance with any previous claim, wherein the 

coating can withstand impact of a 0.036 kg steel ball from a height of 1 metre, 

preferably from 1.5 metre. 

10. The target or a composite in accordance with any previous claim, wherein the 

spraying is one of plasma spraying and flame spraying. 

11. A method of depositing by spraying a superconductor precursor layer onto a 

10 cylindrical target for a sputtering magnetron, the layer having a thickness of at least 

3 mm, and at least I 0% of the layer being in a superconductive phase. 

15 

12. A method of depositing by spraying a layer onto a substrate, the layer having a 

thickness of at least 5 mm, and the coating comprising metal oxides. 

13. The method according to claim 11 or 12, wherein the spraying step is one of 

flame spraying and low-pressure or atmospheric pressure plasma spraying. 

14. The method according to claim 13, wherein the spraying step includes spraying 

20 a material through a spraying head, the material being in the form of a powder, a 

slurry or a solution. 

15. A method of reconditioning a used target for a sputtering magnetron having an 

erosion groove in the target material, comprising the step of: flame or atmospheric 

25 pressure plasma spraying target material into the erosion groove. 

16. A reconditioned target for a sputtering magnetron, comprising: 

an erosion groove in the target material; and tareet material flame sprayed or 

atmospheric plasma sprayed into said groove to restore the thickness of the target 

30 material to that of the unused material. 
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[Pulvennetallurgisches Verfahren zur Herstellung von Targets] 
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For Judging Patentability: 

Dr. Stephan Schittny et al. 

DegussaAG 

DE 35 37 191 Al 

1 

1. Process for the preparation of highly pure mechanically stable and dense targets of rare 

earths and the transition metals iron, cobalt and/or nick.el for cathode evaporation and 

vaporization installations by means of the action of pressure and temperature on a corresponding 

powder mixture in an inert-gas atmosphere or under vacuum, characterized in that the rare earths 

are inserted with the corresponding transition metals in the form of master alloys. 

2. The process of Claim 1, characterized in that master alloys having a eutectic 

composition are inserted 

Description 

The invention pertains to a process for the preparation of highly pure, mechanically stable 

and dense targets of rare earths and the transition metals iron, cobalt and/or nickel for cathode 
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2 

evaporation and vaporization installations by means of the action of pressure and temperature on 

a corresponding powder mixture in an inert-gas atmosphere or under vacuum 

Targets are required in installations for cathode evaporation and for the vaporization of 

objects. With the aid of cathode evaporation (sputtering) and vaporization, a thin layer can be 

produced on a substrate, the applications for which span from functional layers in electronics and 

data systems engineering through corrosion-protective layers and anti-abrasion layers to optical 

layers for decorative and thermic purposes. 

In cathode evaporation, an electrical gas discharge occurs between cathode (target) and 

counter electrode, during which impacting ions eject particles of atomic size from the target, 

which condense on substrates arranged in the area of the counter electrode. 

Either inert gases such as argon or helium, or reactive gases, such as oxygen, nitrogen or 

acetylene are put in at low pressure as a gas discharge atmosphere. 

In inert gas sputtering, the target commonly is composed of the material of which the 

layer to be formed shall be composed, while in reactive sputtering, ejected target particles react 

with the reaction gas and are condensed as a layer in the form of a reaction product. 

In the vaporization process, the target material is thermally vaporized in a vacuum by 

means of electron beam heating or resistance heating and deposited as a thin layer on the 

substrate. 

Targets commonly can be prepared using melting technology with corresponding 

secondary processing by means of non-cutting and tensioning processes or with powder 

metallurgy, by means of compressing and sintering corresponding powders or powder mixtures. 

For target materials, which owing to their composition contain higher portions of brittle 

phases, preparation processes using melting technology prove to be problematic, since such 

targets when cooling after casting exhibit fissures owing to thermal stress and can crumble into 

pieces. In addition, such materials cannot for the most part be mechanically machined, such that 

certain desirable target geometries cannot be prepared. 

Powder-metallurgical processes exhibit problems with those target materials containing 

higher portions of reaction-sensitive components and that react, e.g., with atmospheric oxygen. 

Due to the large specific surface area of the powder and the resulting reactivity, high-value target 

qualities having low oxygen content cannot be produced using powder metallurgy. 

In addition, products prepared using powder metallurgy for the most part exhibit a 

partially open residual porosity, which is intolerable for oxygen sensitive target materials due to 

the potential oxidation of the entire target. 

These preparation difficulties appear particularly for targets containing a predominance 

of rare earths and transition metals. 
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3 

A powder-metallurgical process for the preparation of targets of rare earths and the 

transition metals iron, cobalt and nickel is known from DE-OS 35 37 191, for which a powder 

mixture of rare earths and the aforementioned transition metals is subjected to hot forming 11nder 

decreased pressure and under inert gas at temperatures below the e11tectic point, with a brittle 

intermetallic compound developing at the bounda.cy between the rare earth metal and the 

transition metal. This process has the disadvantage that hot forming must be carried out 

expensively for a minimum of at least two ho11rs, by means of which noticeable quantities of 

brittle intermetallic phases are formed, that powder preparation for rare earths is associated with 

difficulties and that the oxygen content in the powder of rare earths is still relatively high. 

It was thus the problem of the present invention to develop a process for the preparation 

of highly pure, mechanically stable and dense targets or' rare earths and the transition metals iron, 

cobalt and/or nickel for cathode evaporation and vaporization installations by means of the 

action of pressure and temperature on a corresponding powder mixture in an inert-gas 

atmosphere or under vacuum that without great technical expense supplies a product containing 

limited portions of and a fine distribution of brittle phases and as little oxygen as possible. 

This problem is solved in accordance with the invention by means of the fact that the rare 

earths are inserted with the corresponding transition metals in the form of master alloys. 

Preferably, master alloys having a eutectic composition are inserted. 

Reaction sensitive rare earths are processed into powders and/or shavings not as such, bllt 

as master alloys of rare earths and the corresponding transition metals, which in comparison to 

pure components feature lower melting points, are well intermixed with powders and/or shavings 

of the transition metals and are compacted into targets. The compacting of said mixture can be 

carried out by means of sintering, hot-rolling, hot-pressing, hot-forging, high-temperature 

isostatic pressing or combinations thereof in a vacuum or under inert gas. 

The conditions for compacting (temperature, pressure, time, degree of defurmation) are 

selected such that a mechanically stable compound material emerges, the grain structure of 

which, as a non-equilibrium state, features only limited portions of brittle equilibrium phases 

formed by means of diffusion at the boundaries of the rare earth phases and the transition metal 

phases. Through the use of master alloys between rare earths and transition metals, relatively low 

compacting temperatures and brief compacting times can be selected. This leads to a decreased 

technical expense and to a limited formation of diffusion zones of brittle non-equilibrium phases 

at the contact locations of the powder grains and in the grains. 

Surprisingly, it has been shown that fundamentally simpler, highly pure and low-oxygen 

powders or shavings can be prepared out of master alloys of rare earths with corresponding 

transition metals rather than out of pure rare earths. These master alloys may be used to produce 

shavings and powders, e.g., by means of machining, such as milling or filing under protective 
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gas, which is not possible without difficulty with pure rare earth metals, owing to their ductility, 

even with subsequent grinding. During the comminution process, the brittle phase portions of the 

most extremely fine grain structure of master alloys causes the fonnation of particles having a 

suitable grain shape and grain size distribution, enabling a powder preparation having a good 

yield and very low oxygen content (< 500 ppm). 

Likewise in powder preparation by means of inert gas atomization, lower values of 

impurities and more limited oxygen content in the powder are achieved from lower melting 

master alloys owing to lower reaction rates with the crucible material and with the atmosphere at 

lower process temperatures and owing to the briefer residence time in the installation. Moreover, 

the atomization parameters (superheating, cooling rates, process gas pressure, etc.) can be 

optimized to a wide degree, such that the powder yield and the grain fraction can be adjusted 

more favorably in comparison to atomization of pure rare earths. 

Surprisin~ly, the use of master alloys of rare earths and transition metals leads to 

compacting times considerably briefer in comparison to those with the use of pure rare earths, 

signifying a significant economic advantage of this process. 

As a rule, compacting times are less than one hour and, more often than not, less than 30 

minutes. Apart from this, targets prepared in accordance with the invention exhibit more 

favorable mechanical and magnetic properties in comparison to targets produced with powder 

metallurgy from pure metals. As has been shown, this is based on an advantageous distribution 

of portions present in the grain structure of free iron, cobalt and/or nickel, on the limited 

quantities of intennetallic phases and on the residual eutectic originating from the master alloys. 

The following examples shall explain the process in accordance with the invention in 

greater detail: 

1) In order to prepare highly pure, compact, mechanically stable sputter targets, first a 

master alloy of 80 atom% terbium and 20 atom% iron is prepared in a vacuum induction oven 

(10-s Pa). Subsequent pulverization and further processing is carried out exclusively under argon 

protective gas. With the aid of a wave-milling cutter, the ingot is ma.chined to a coarse powder. A 

terbium-iron powder having an average grain size ::S 105 µm and having a yield of 70-80% is 

obtained by means of subsequent grinding in a ball mill. The desired target composition of, e.g., 

67 atom% iron, 25 atom% terbium and 8 atom% cobalt is regulated by means of a 20 minute 

mixing of the corresponding iron, cobalt and master alloy powder quantities in an asymmetric 

moved mixer. 

The processes of high-temperature isostatic pressing (HIP), hot-rolling and hot-forging in 

a capsule were employed in order to compact the powder mixture into targets. 

For high-temperature isostatic pressing, process parameters of 8200C final temperature, 

200 Mpa pressure and 20 minute residence time at the final temperature were selected. Sheet 
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steel cans were used as containers, which prior to being brought into the installation were 

evacuated at 300°C for over 3 hours. This produces mechanically stable, machinable molding 

bodies featuring a non-equilibrium grain structure of iron grains, zones of intermetallic phases 

and residual eutectic. The density is> 99% of the theoretical density, the oxygen content less 

than 1200 ppm. Longer residence times of, e. g., 1-2 hours at 820°C result in a wide reaching 

formation of large-surface zones of the intermetallic equilibrium phases, which causes an 

undesirable brittleness of the grain structure. It is for this reason that residence times as brief as 

possible are to be observed. 

5 

For compacting by means of hot-rolling, the powder mixture is filled in a sheet iron 

capsule, which is evacuated and welded shut. Conversion occurs at 6500C up to a degree of 

conversion of approximately 60% in several passes in a period offew minutes. After removal of 

the capsule material, a stable, highly pure target is yielded having a density of::::: 99% of the 

theoretical density and an oxygen content of 1200 ppm The grain structure is of a form similar to 

that for compacting by means of high-temperature isostatic pressing. 

For hot-forging, the powder mixture likewise is filled in a sheet steel can and evacuated. 

The forging process can be carried out at 80C>°C in a 200 ton forge. The achievable density is, at 

60% conversion ::::: 99% of the theoretical density. 

2. A different type of powder preparation is atomization of a melt in an inert-gas flow. 

For the use of low-melting point master alloys of the composition 66 atom% gadolinium, 18 

atom% iron and 16 atom% cobalt having a melting temperature of approximately 620°C, an 

atomizing temperature of 700-SOOOC can be selected. This comparatively very low atomizing 

temperature enables, for extremely reactive rare earth materials, the preparation of low-oxygen, 

very pure master alloy powders, since the reaction of the melt with the crucible material and with 

the atmosphere is comparatively limited. Moreover, the master alloy melt exhibits a favorable 

viscosity and surface tension at these temperatures, such that the atomized powder features good 

yields of e.g., 80-90% at a grain size :5 88 µm. With the aid of the mixing and compacting 

processes described in Example 1, highly pure, compact, stable molding bodies having oxygen 

contents < 1000 ppm likewise are obtained. The non-equilibrium grain structures in tum are 

composed of iron grains, zones of intermetallic phases and residual eutectic. 

Since the intermetallic phases are present in a fine distribution in the master alloys, and 

the grain structure is not very brittle, the blend portion of free iron can be reduced in comparison 

with the intermetallic phases by varying the composition of the master alloys, The magnetic 

properties of the targets, which are important for magnetron sputtering, can be improved by said 

means. 
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Patentansprilche Pulvermetallurgische · Verfahren zeigen bei denjeni· 
gen Targetmaterialien Probleme, die hohere Anteile an· 

1. Verfahren zur Herstellung von hochreinen me· reaktionsempfindlichen Komponenten ·enthalten, und 

chanisch stabilen und dichten Targets ftlr Katho· z. B. mit dem Luftsauerstoff reagieren. Wegen der gro· 

denzerstiiubungs- und Bedampfungsanlagen aus s Ben spezifischen Oberfliiche. der Pulver und der daraus 

Seltenen Erden und den Obergang$metallen Eisen, resultierenden Reaktionsfreudigkeit !assen sich keine 

Kobalt µnd/oder Nickel durch Einwirkung von hochwertigen Targetqualitiiten mit niedrigem Sauer· 

Druck und Temperatur auf entsprechende Pulver· stoffgehalt pulvermetallurgisch herstellen. 

gemische in Inertgasatmosphiire oder unter Vaku·· AuBerdem weisen pulvermetallurgisch hergestellte 

um, dadurch gekennzeichnet, daB die Seltenen Br· 10 Produkte meist eine zum Teil offene Restporositll.t auf, 

den in Form von Vorlegierungen mit den entspre· die bei sauerstoffempfindlichen Targetmaterialien we" 

chenden Obergilngsmetallen eingesetzt werden. gen der moglichen Oxidation des gesamten Targets 

2 Verfahren nach Anspruch 1, dadurch gekenn- nichttolerierbarist 
zeichnet. daB Vorlegierungen mit eutektischer Zu- Diese Herstellungsschwierigkeiten treten insbeson· 

sammensetzung eingesetzt werden. 15 dere bei Targets auf, die ilberwiegend Seltene Erden 
und Obergangsmetalle enthalten. 

Beschreibung Aus der DE-OS 35 37 191 ist ein pulvermetallurgi· 
sches Verfahren zur Herstellung von Targets aus Selte-

Die Erfindung betrifft ein Verfahren zur Herstellung nen Erden und den Obergangsmetallen Eisen, Kobalt 

von hochreinen, mechanisch stabilen und dichten Tar· 20 und Nickel bekannt, bei dem ein Pulvergemisch aus Sel-

gets fiir Kathodenzerstliubungs- und Bedampfungsanla· tenen Erden und den genannten Obergangsmetallenun-

gen aus Seltenen Erden und den Obergangsmetallen ter vermindertem Druck und unter Inertgas bei Tempe-

Eisen, Kobalt und/oder Nickel durch Einwirkting · von raturen unterhalb des eutektischen Punktes einer 

Druck und Temperatur auf entsprechende Pulvergemi- Warmverformung unterzogen wird, wobei sich eine 

sche in Inertgasatmosphare oder unter Vakuum. 25 sprMe intermetallische Verbindung an der Grenzflliche 

Targets werden in Anlagen zur Kathodenzerstliu• zwischen dem Seltenen Erdmetall und dem Obergangs-

bung und zur Bedampfung von Gegenstiinden benotigt metall ausbildet. Dieses Verfahren hat den Nachteil, daB 

Mit Hilfe der Kathodenzerstiiubung (Sputtern} und des die Wannverformung aufwendig mindestens zweiStun-

Bedampfens konnen dllnne Schichten auf Substraten den fang erfolgen muB, wodurch sich bemerkbare Men-

erzeugt werden, deren Anwendung von funktionalen 30 gen an spraden intermetallischen Phasen bilden, daB die 

Schichten in der Elektronik und Datentechnik i.iber Pulverherstellung bei den Seltenen Erden mit Schwie· 

Korrosions- und VerschleiBschutzschichten bis zu opti· rigkeiten verbunden ist und der Sauerstoffgehalt im Pu!~ 

schen Schichten fi1r dekorative. und wiirmetechnische ver der Seltenen Erden noch relativ hoch ist. 

Zwecke reicht. Es war daher Aufgabe der vorliegenden Erfinoung, 

Beim Kathodenzerstiiuben findet zwischen Kathode 35 .ein Verfahren zur Herstellung von hochreinen, mecha· 

(Target} und Gegenelektrode eine elektrische Gasentla- nisch stabilen und dichten Targets fi.ir Kathodenzerstiiu-

dung statt, bei der von den aufprallenden Ionen aus dem bungs- und Bedampfungsanlagen aus Seltenen Erden 

Target Teilchen von atomarer GroBe herausgeschlagen und den Obergangsmetallen Eisen, Kobalt und/oder 

und auf Substraten, die im Bereich der Gegenelektrode Nickel durch Einwirkung von Druck und Temperatur 

angeordnet sind, niedergeschlagen werden. 40 auf entsprechende Pulvergemische in Inertgasatmo-

Als Gasentladungsatmosphlire werden entweder sphiire oder unter Vakuum zu entwickeln, das ohne gro-

inerte Gase, wie beispielsweise Argon oder Helium, Ben technischen Aufwand ein Produkt liefert, das gerin· 

oder reaktive Gase, wie z. B. Sauerstoff, Stickstoff oder ge Anteile und eine feine Verteilung an sprOden Phasen 

Acetylen, bei geringem Druck eingesetzt und moglichst wenig Sauerstoff enthlllt. 

Heim Inertgassputtem besteht das Target ilblicher- 45 Diese Aufgabe wird erfindungsgemliB dadurch gelost. 

weise aus dem Material, aus dem die zu bildende Schicht daB die Seltenen Erden in Form von Vorlegierungen mit 

bestehen sol!, wiihrend beim Reaktivsputtern die her- den entsprechenden Obergangsmetallen eingesetzt 

ausgeschlagenen Targetteilchen mit dem Reaktionsgas werden. 
reagieren und in Form eines Reaktionsproduktes als Vorzugsweise werden Vorlegierungen mit, eutekti-

Schicht niedergeschlagen werden. so scher Zusammensetzung eingesetzt. 

Bei den Bedampfungsverfahren wird das Targetmate· Die reaktionsempfindUchen Seltenen Erden werden 

rial im Vakuum durch Elektronenstrahl· oder Wider- nicht als solche, sondern als Vorlegierungen aus Selte· 

standsbeheizung thermisch verdampft und als dilnne nen- Brden und den entsprechenden Obergangsmetallen, 

Schicht auf dem Substrat abgeschieden. die im Vergleich zu.den reinen Komponenten niedrigere 

Die Targets konnen ilblicherweise schmelztechnisch ss Schmelzpunkte aufweisen, zu Pulvem und/oder Spllnen 

hergestellt werden mit entsprechender Nachbearbei- verarbeitet, mit Pulvern und/oder Spilnen der Ober-

tung durch umformende und . spannende Verfahren, gangsmetalle gut durchmischt und zu Targets kompak· 

oder pulvermetallurgisch durch Pressen und Sintern tiert. Die Kompaktierung dieser Mischung kann durch 

entsprechender Pulver bzw. Pulvergemische. $intern, Warmwalzen, HeiBpressen, Warmschmieden, 

Bei Targetmaterialien, die aufgrund ihrer Zusammen· 60 HeiBisostatische PreBverfahren oder Kombinationen 

setzung h6here Anteile an sprOden Pha.sen enthalten, daraus im Vak.uum oder unter lnertgas erfolgen. 

erweisen s.ich schmelztechnische Herstellverfahren als Die Kompaktierungsbedingungen (Temperatur, 

problematisch, da solche Targets beim Abkilhlen nach Druck, Zeit, Umformungsgrad} werden so gewiihlt, daB 

dem GieBen aufgrund von thermischen Spannungen ein mechanisch stabiles Verbundmaterial entsteht, des-

Risse aufweisen und ·in Stllcke zerfallen konnen. Dar· 65 sen Gefilge als Ungleichgewichtszustand nur geringe 

Uber hinaus sind solche Materialien meist nicht mecha- Anteile an spr6den Gleichgewichtsphasen aufweist, die 

nisch bearbeitbar, so daB bestimmte wiinschenswerte durch Diffusion an den GrenzfUichen der Seltenen Brd· 

Targetgeometrien nicht. herstellbar sind Phasen und der Obergangsmetallphasen gebildet wer-
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den. Durch die Verwendun~ von Vorlegierungen zwi· 
schen Seltenen Erden und Ubergangsmetallen kOnnen 
relativ niedrige Kompaktierungstemperaturen und kur· 
ze Kompaktierungszeiten ausgewihlt werden. Das 
fahrt zu einem verminderten technischen Aufwand und s 
zu einer geringen Ausbildung von Diffusionszonen aus 
sprOden Ungleichgewichtsphasen an den Berilhrungs
stellen der Pulverkorner und in den Kl>rnern. 

Es hat sich llberraschenderweise gezeigt, dall aus 
Vorlegierungen der Seltenen Erden mit den entspre- 10 
chenden Obergangsmetallen wesentlich einfacher, 
hochreine und sauerstoffarme Pulver oder Spane her· 
stellbar sind als aus den reinen Seltenen Erden. Aus 
diesen Vorlegierungen !assen sich z. B. durch spanende 
Bearbeitung, wie Friisen oder Feilen, unter Schutzgas 1s 
Spll.ne und Pulver erzeugen, was bei den reinen Seltenen 
Erd-Metallen auf Grund ihrer Duktilitiit auch mit nach
folgendem Mahlen nicht ohne Schwierigkeiten ml>glich 
ist. Die sproden Phasenanteile des liuBerst feinen Gefil
ges der Vorlegierungen bewirken beim Zerkleinerungs· 20 
vorgang die Bildung von Partikeln mit geeigneter Kom
form und KorngrtiBenverteilung, so daB eine Pulverher· 
stellung mit guter Ausbeute und sehr niedrigem Sauer· 
stoffgehalt { < 500 ppm) mOglich ist. 

Ebenso werden bei der Pulverherstellung durch 25 
lnertgasverdilsen aus den niedriger schmelzenden Vor
legier:ungen aufgrund der bei den tieferen ProzeBtem
peraturen geringeren Reaktionsgeschwindigkeiten mit 
dem Tiegelmaterial und mit der Atmosphlire und auf
grund der kllrzeren Verweilzeit in der Anlage, niedrige· 30 

re Werte an Verunreinigungen und geringere Sauer
stoffgehalte im Pulver erzielt. Desweiteren !assen sich 
bier die Verdllsungsparameter (Oberhitzung, Abkllhlra-

. te, ProzeBgasdruck usw.) in weiten MaBen optimieren, 
so dall die Pulverausbeute und die Kornfraktion im Ver- 35 
gleich zur Verdilsung der reinen Seltenen Erden giinsti· 
ger eingestellt werden konnen. 

Die Verwendung von Vorlegierungen aus Seltenen 
Erden und Obergangsmetallen fllhrt im Vergleich zur 
Verwendung der reinen Seltenen Erden llberraschen- 40 
derweise zu wesentlich kiirzeren Kompaktierungszei
ten, was einen bedeutenden wirtschaftlichen Vorteil die· 
ses Verfahrens bedeutet. 

Die Kompaktierungszeiten liegen in der Regel unter
halb einer Stunde, meist unterhalb von 30 Minuten. Dar- 45 
iiber hinaus zeigen die erfindungsgem!iB hergestellten 
Targets im Vergleich zu Targets, die pulvermetallur· 
gisch aus den reinen Metallen hergestellt wurden, giin· 
stigere mechanische und magnetische Eigenschaften. 
Dies beruht, wie sich gezeigt hat, auf einer vorteilhaften so 
Verteilung der im Gefllge vorhandenen Anteile an frei
em Eisen, Kobalt und/oder Nickel, an den geringen 
Mengen intermetallischer Phasen und an dem aus den 
Vorlegierungen stammenden Resteutektikum. 

Die folgenden Beispiele sollen das erfindungsgem!iBe ss 
Verfahren niiher erlliutem: 

1) Zur Herstellung von hochreinen, kompakten, 
mechanisch stabilen Sputtertargets wird zuerst ei· 
ne Vorlegierung aus 80 Atom% Terbium und 20 60 
Atom% Eisen in einem Vakuuminduktionsofen 
{to-s Pa) hergestellt. Die anschlieBende Pulverisie
rung und Weiterverarbeitung erfolgt ausschlieBlich 
unter Argon-Schutzgas. Mit Hilfe eines Wellenfrii
sers wird der GuBblock zu grobem Pulver zerspant. GS 
Durch anschlieBendes Mahlen in einer Kugelmllhle 
erhlilt man ein Terbium-Eisenpulver mit einer mitt· 
leren KorngrOBe :S 105 µm und mit einer Ausbeute 

von 70-80%. Die gewiinschte Targetzusammen
setzung von z. B. 67 Atomo/o Eisen, 25 Atomo/o Ter
bium und 8 Atom% Kobalt wird durch 20 minilti· 
ges Mischen der entsprechenden Eisen-, Kobalt· 
und Vorlegierungspulvermengen in einem Taumel· 
mischer eingestellt. 
Zurn Kompaktieren der Pulvermischung zu Tar
gets wurden die Verfahren des HeiBisostatischen 
Pressens (HIP) des Warmwalzens und des HeiB· 
schmiedens in einer Kapsel angewendet. 
Beim HeiBisostatischen Pressen werden als Pro
zeBparameter 820°C Endtemperatur, 200 MPa 
Druck und 20 min Haltezeit bei Endtemperatur ge
wlihlt. Als Behiilter wurden Stahlblechkannen ver
wendet, die vor Einbringen in die Anlage bei 300°C 
ilber 3 Stunden evakuiert wurden. Man erhiilt auf 
diese Weise mechanisch Stabile, bearbeitbare 
Formkorper, die ein Ungleichgewichtsgefilge aus 
Eisenkomern, Zonen von intermetallischen Phasen 
und Resteutektikum aufweisen. Die Dichte ist 
>990/o der theoretischen Dichte, der Sauerstoffge
halt liegt unterhalb 1200 ppm. Uingere Haltezeiten 
von z. B. 1-2 Stunden bei 820°C haben eine weit· 
gehende Ausbildung von groBflllchigen Zonen der 
intermetallischen Gleichgewichtsphasen zur Folge, 
was eine unerwiinschte VersprOdung des Gefilges 
bedingt. Es sind daher moglichst kurze Haltezeiten 
einzuhalten. 
Fllr <las Kompaktieren durch Warmwalzen wird 
das Pulvergemisch in eine Eisenblechkapsel einge
filllt, die evakuiert und zugeschweiBt wird. Die Um
formung erfolgt bei 650°C bis zu einem Umform
grad von ca. 600/o in mehreren Stichen in einem 
Zeitraum von wenigen Minuten. Nach Entfernen 
des Kapselmaterials ergibt sich ein stabiles, hoch
reines Target mit einer Dichte von .., 990/o der theo
retischen Dichte und einem Sauerstoffgehalt von 
1200 ppm. Das Gefiige ist lihnlich ausgebildet wie 
bei der Kompaktierung <lurch HeiBisostatisches 
Pressen. 
Beim HeiBschmieden wird die Pulvermischung 
ebenfalls in eine Blechkanne gefOllt und evakuiert. 
Der Schmiedevorgang kann bei 800°C in einer 
200 to Schmiede durchgefilhrt werden. Die erziel· 
bare Dichte betriigt bei 600/o Umformung .., 99% 
der theoretischen Dichte. 
2. Eine andere Art der Pulverherstellung ist das 
Verdiisen einer Schmelze im Inertgasstrom. Bei Be
nutzung von niedrigschmelzenden Vorlegierungen 
der Zusammensetzung 66 Atomo/o Gadolinium, 18 
Atom% Eisen und 16 Atom% Kobalt mit einer 
Schmelztemperatur von ca. 620°C kann eine Ver· 
dilsungstemperatur von 700-soo•c gewiihlt wer
den. Diese vergleichsweise sehr niedrige Verdil
sungstemperatur ermOglicht bei den extrem reak
tionsfreudigen Seltenen Erd-Materialien die Her
stellung von sauerstoffannen, sehr reinen Vorlegie· 
rungspulvern, da die Reaktion der Schmelze mit 
dem Tiegelmaterial und der Atmosphlire ver
gleichsweise gering ist Des weiteren zeigt die Vor
legierungsschmelze bei dieser Temperatur eine 
giinstige Viskositlit und Oberfllichenspannung, so 
daB die verdflsten Pulver gute Ausbeuten von z. B. 
80-900/o bei einer Korngrl>Be :S 88 µm aufweisen. 
Mit Hilfe der in Beispiel 1 beschriebenen Misch· 
und Kompaktierungsverfahren erhiilt man eben
falls hochreine, kompakte, stabile Formk6rper mit 
Sauerstoffgehalten < 1000 ppm. Die Ungleichge-
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wichtsgefilge bestehen wiederum aus EisenkOr
nern, Zonen von intermetallischen Phasen und Re
steutektikum. 
Da die intennetallischen Phasen in den Vorlegie; 
rungen fein· verieilt vorliegen, und das Gefilge nicht s 
sehr versproden, !assen sich die Mengenanteile an 

. freiem Eisen im Vergleich zu den intermetallischen 
Pha.sen durch Variation der Zusammensetzung der 
Vorlegierungen reduzieren. Die magnetischen Ei
genschaften der Targets, die filr das Magnetron- 10 

sputtem wichtig sind, !assen sich hierdurch verbes
sern. 
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[ 13 ~] (PURPOSE] 

?' -Jf '/ 1' :f;fc7).1JOf.H;: J: -0 t1J Prevent the crack by heat of a target material. 

n~lttill=.T.'5::::. C:o 

[CONSTITUTION] 

P.JTj!c7) 7t:* :fr'@;tJ> ?' -Jf;; 1' The target material 1 containing a required 

:f;f 11'1 * '/7 4 './ :1'# 2 f;: J: "'? element adheres to the backing plate 3 by the 

-r.1~;;~'/:1':1'v- t- 3 l;:rn!J~ 

~ti,"( v ' {) 0 ?' - ,y ;; 1' :f;f 1 1;: 
.A )) itl ~ 7f't. (~lt 'l'i'WJ ~ )b;/.f., 

')J ;;7" 1 '/:1'1;:J: .'5#t.) 4 ~~ 

It, ?' -,Y '/ }--:f;f 1 ~$-fi;c7)1j, 

IE ii!ii 1 d;: '1t1J-r .'5 o ?' - -?" ;; t
:f;f (])" ~ 15 !PJUZ:tli.: (]) f$ '(}(])~ 
~iJ~1j' ~ < t~ ~ " ?' -Jf ';! 1' :f;f 
(J)i!i'.tln~rttJ<•:::. C:il~-r:~.'50 7 

bonding material 2. 

It provides the offset rate slot (or an incision, the 

slot by cutting) 4 in a target material 1, and 

partitions a target material 1 into many 

subsection 11. 

The difference of the elongation in the thickness 

direction position of a target material etc. 

becomes smaller, it can prevent the crack of a 

target material. 

~fF"'? "(:to v 'tt ?'-if'/ }-:f,;f c7) It is sufficient to bond on a backing plate the 

1J'n ~ .1~ '/ ~ './ :1':1' v- }- l;:Jt~ fragment of the target material made 

~ #It"( b ~It 'o beforehand. 

4 4 

(a) 

7/31/2006 

3 
lb) 
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[iW*ll 1] 
/'::1~/::7':1'v- H::::.~jfc; 

ntr..~ -'I')' 1';f;t~~.A !J trJ I? m 
1::::. J:: "':> -c ~ ~ 0), 1, is: oom::. ~wrJ c; 
h"tv'on'.:\, X~-;;t~-'f 'Y 1'tt 
0)~~0)1j,Jt~~ ~ ..{ 1vj[~ ~~I::: 

/' ::1 ~~::7':1'v- H::::.~jf c; h 
"tv'o::. c ~~~CTO.A/{:/ 
~ • ~-'f'Y 1'o 

[CLAIMS] 

[CLAIM 1] 

THO.MSON •• 

A sputter target, in which the target material 

which adhered to the backing plate is 

partitioned into many subsections by the offset 

rate slot, or many fragments of a target material 

adhere to the backing plate in the shape of a tile 

sticking. 

[CLAIM 2] 

ITTt:sf<:ll 1 0) .A/{ 'Y ~ • ~-'I A sputter type ion source, which has the sputter 

::1 r ~-Om-*. "t v' {> :. C. ~~WC. target of Claim 1. 
T::,.A/{::1 ~~-1' :At/lJJ:o 

[DETAILED DESCRIPTION OF THE 

INVENTION] 

[0001] [0001] 

[ii:~J:O)~IJff.I ~lf] [INDUSTRIAL APPLICATION] 

/.$:~ a,J;I l'i, ;JJaf.\ 1;::: J:: ~ ~ - 'I ::1 This invention relates to the sputter target which 

rf;f°O)t~n~~v'fi:.A/{::1~~ is used for the sputter type ion source which 

..{:At ~7!\~ f;::ff.1 lt' Q .A/{:/~ • 

~-'I 'Y 1' 1::::.M-t oo 

[0002] 

prevents the crack of the target material by 

heat. 

[0002] 

[PRIOR ART] 
,A/{ ::1 ~ ~..{ ;;t/tJ,ij{, ..{ ;;t/'t~ As shown in the front elevation of FIG.4(a), and 

-A.A/{:/~ !J /::7'~1ft~l::::.:to sectional drawing of said (b) in the A-A, the 

~to .A/{ 'Y ~ • ~-'I 'Y r l::t, · sputter target in a sputter type ion source, an 
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ion-beam-sputtering apparatus, etc. adheres to 

A~"e(J)[RJ ( b) (!)ttJf ffiil~H;:iF a backing plate 3, and the bonding material 2 

T J::? K:, -:/'7 ::A~-1 ;t/, -1 comprises the tabular target material 1 

;t / !::: .. - A "e .A . .r~-::; ?' ~ ;h, Q Bf containing the required element by which a 

~(J)jC~;a--E;t?~~(J) ?1-J,I-::; sputter is carried out from a plasma ion and an 

rf.11 ;a-IJ{/7-1' YP"f.12,;:J:: ion beam. 

-? 't /'\ -::; ~ / :1'7 v- r 3 ';: ~ A target material 1 is heated by the shock of the 

!f'L.'t*M~~h'tv'.:io ?1-J,I surrounding plasma, a plasma ion, or an ion 

'/ rf.11 J';J:.A/~-::; ?' ~- Jla!m(J) beam at the time of a sputter, therefore 

7'7 x~ ~ 7"7 ;(~ -1 ::d-Y, ~ The backing plate 3 is attached to the cooling 

v 'l:t-1 ;t / t" - A (J)lffl! I;: J:: l'.J holder for the cooling. 

1.JD~~tl,QtJ~t;,, :CO)(ftt.IJ(J)'ft: 

6?';:/'-::; ~ Y :1'7" v- r- s J-;trft 
t.Pii\1i.-?1"- 1:.:mi I'.) # ~t c;, ;h, 't 1t' 

.'50 

[0003] (0003] 

[ ~ ~ ;6:t M~ L- J:: ? ~ T .'5 ii [PROBLEM TO BE SOLVED BY THE 

JI] INVENTION] 
il~tJ~.'5 .A/~-::;?' • ?' -J,f-::; r (J) When the size of this sputter target becomes 

-'!t-1;(tJ:tur:m5 0 mmf.iJl(J)j;;: the size which is diameter 50 mm degree and a 

~ ~ (J) t (J) 1;: ft. .:, ~ , ?' - J,I '/ target material 1 is the bad material of a heat 

rf;t 1 ;6i~~~(J)~1t'#iJ((J):tj conduction, a target material may break for the 

~ ';: l:t, .A/'~-::; ?' ~, ?' - J,f-::; reasons of a big difference arising on the 

1'*11 (!)J¥]j.1fra:J1lz:tl\.1'(J)W,\JW elongation by the thermal expansion in the 

~';:: J::-?) f$tJ';:* ~ tt.~:6i1=_ t:. thickness direction position of a target material 

Q~(/)1:§!~ ';: J:: I'.)' ?' -J,f ';/ r 1 at the time of a sputter. 

f,fiJ~t~h 't L-* ? :::. ~ iJi<lt_, .:i 0 

[ 0 0 0 4 ] [0004) 
*~~J-;t, 7"7 ;(~~.;( ;tyf;: This invention aims to provide the sputter target 

J:: Q 1JD9P.\-C:, ?' - J,f -::; r f;tiJifrJ which prevents the crack of a target material by 

ti Q :::. c!:: ;a- ~HI: L- 'ft: .A/ { '/ ?' • heating by the plasma or an ion. 

?' - JT -::; r O)~.m :a- 13 ~ c!:: T Q 

b(/)--C:<lt_,.:,o 

7/31/2006 5/12 Copyright (C) 2006 The Thomson Corporation. 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1269 of 1543



JPS-230642-A 

[0005] [0005) 

THO.MSON • 

[MEANS TO SOLVE THE PROBLEM) 

*§MJH-;;J:, ;1../{-y11·11-/f;,1 As for this invention, in a sputter target, the 

r 1;:::toi.- '-C' /~ '/ ~ :/ ~:1' v- targe~ material which adhered to the backing 

r J;::fi!!!if ~ht:.~ -If'/ r ;f;fil~ plate is partitioned into many subsections by the 

'A !J t!J I? f#~;:: J::--::>-C°$:fA0)11'fZ: offset rate slot, or many fragments of a target 

ll!JH;::7tt1J ~ ;h-Cv' o t.J'l, Xl'J:, material adhere to a backing plate in the shape 

11-!f 7 r ;f;f0)°$:fA0)1j,J1il~ 11 of a tile sticking. 

-1 Jv~i!i ~ !IJ;: ~;::/~ 7 ~ :/ ~:1' v- And this sputter target is used for the sputter 

r J;:fi!!Jif ~ ;h-Cv \ Q:. c :a-:Et:. type ion source. 

o ~Mc To t (J) "t: ~ I? , .:t" l., It is characterized by the above-mentioned. 

-c' "/J'l'/J'lQ ;1.,/{ '/ 11 • ~-If 7 

r :a: .A.1::. :;111 ~..{ */71.~H;:ff.J v' 
t:. :. c :a-~M t: To t 0) 1:' o o 

[0006] 

[ {'Fff.l] 

11 -If ;,1 r :f:fil~ A !J tf1J ~ ~i.- 'J'J: 
1J,J10)~ -11vJ15 ~ %~~;: J:: I? , 
,J, ~ < 7ttrJ ~ n-Cv'o tJ:i t::>, * 
7ttiJ~~;::to ~t Q1JO~H;:: J:: o?m!W 
~il~ftl!0)7t1'J~~;::1Bt.& To :. c 

(0006] 

[OPERATION] 

The target material is small partitioned 

according to an offset rate or the tile sticking 

form of a fragment, therefore 

Since the thermal expansion by the heat in each 

partition region does not affect another partition 

il~f.tv''l:J'lb, 11-!f 7 rf:fO)jJ region, the difference of the elongation in the 

]j.1.f[R]fil:fl"t:O){$'()tO)~~il~1J' thickness direction position of a target material 

~ < 1J.lJ A:. t::> ;h, .A/::. ;,1 11 • 11 - etc. is restrained small, the crack of a sputter 

!f7 rO)itJ;hil~1:.Cf.tv'o .:t"L. targetdoesnotarise. 

-C, 'l:J'liJ'lQ 11-J/ :Y r :a: 'A.1::. ;,1 And it can pull out an ion beam with stability by 

11 ~-{ * /tJ]j{ ~;:Jtl v' o :. ~ ~;:: J:: using this target for a sputter type ion source. 

~, -{ */ t"-Ail~~'.(E L.-C 51 
t±Htoo 

[0007] [0007) 
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[~jjt§f§IJ] 

*~~(})~:Bi§ -WU ~::::. "".:> v ' -c ~ ffii ~ 
$00 l.., -cm~T Qo ~ 1 (a), 

( b) 1'1.A !J tiJ l? m.~~;:: J: O .A 

[EXAMPLES] 

THO.MSON 
::.J.t· 

-~"'Ht'""---. .... ~ .. ,. .. 

With reference to drawing, it demonstrates the 

Example of this design. 

FIG. 1 (a), (b) is the front elevation of the sputter 

1{-;1 !1 • !1-1;1-:; r 0)1Effii~&. target by offset rate form, and sectional drawing 

'(}~(})A - A~"'"C'(J)t11f ffii~1:a;,, in the A-A. 

Qo 1{-:; ~ / '.7':1' v- r 3 ~::::.~ It provides the offset rate slot (an offset rate or 

/'7 -1 /' '.7"t.f 2 -C:-mfl~ ~ htt !1 an incision, slot by cutting) 4 in the target 

-lj '/ rf-f 1 ~;::, ~(}) 13 ~';: material 1 which adhered to the backing plate 3 

.A !J itf1J '?ff/I. (.A Y tf1J '? ftv' L-'WJ by the bonding material 2 in a grid pattern, and 

'? ~J.;., 7J -:; T -1' / '.7" ';: J:-!> ff/I.) one side small-partitions a target material 1 into 

4 a-R5t~t' !1-1;1-:; r # 1 ~- many subsection 11 which are 10 mm level. 

ill.7'~ 1 0 mmf.ili0)$~0)11'(K If the offset rate slot 4 is formed in the target 

jj l 1 'UJ,~tiJT 0 o .A !J 1!fJJ '? ffll. material part at least, it is enough. 

4 l'i, P tt < ~ 'b !J - lj '/ }- # However, FIG 1 (b) shows what has reached 

$~h:mP.t~h-Cv'hl';f;!E~I: even the backing plate 3. 

a;,,{dl~, ~ 1 ( b) -C:-l:t1{ '/ ~ 

/' ?':1' v- 1' 3 ~;: ~ -e~ L- '"(It' 
{> 'b(J)~~l--Cv'Oo 

[ 0 0 0 8 ] [0008] 

~ 2 (a), ( b) l:t 11-41vjl~ '? FIG. 2 (a), (b) is the front elevation and sectional 

~;i.\;(J) .A 1-:: :=t 11 • 11 - ';I-:; }- 0) drawing in an A-A of the sputter target of tile 

iEffii~ ~ ~ (}) A-Ar@:"'"C'O)Wfffij sticking form. 

~I: a;,, '? , =fr~ !1- I/ :=t }- t.f ~ One side partitions the target material into 

-)ll~) 1 0 mmml3£0)1j\J1l2 fragment 12 which is 10 mm level beforehand, 

';:~tf~ L--C:to~, tJ:i.tpo~~(J) and it adheres fragment 12 of the target material 

!J - lj-:; }-~ (}) 1J' J:l 1 2 ~ ~ / of these many to a backing plate 3 in tile 

7 -1' /' :P"t.t 2 ~::::. J:--:> -C, -7 -4 1v sticking form by the bonding material 2. 

JI~~ m:it-e "~-:; ~ ;:...-- :P":1' v- r-
3 ~;:li!!JifToo 

[ 0 0 0 9 ] [0009] 

.:. (}) J:: ? ~;:, ~ - I/ :=t r # 1 J:t, Thus, the target material 1 is partitioned into the 

fliJtit-filil~ 1 0 mmf.v.3f(J)1j' subsection whose one side is all 10 mm level or 

!Kiif.tv' L.J±1J,J1l1' 1 2 1;:~ fragment 11, and 12, therefore 
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1~ ~ ;h, "Cit' .Qt>-:.~, -!1-J;l-y r Even if heat generation and heat arise at the 

t;f 1 ({),A/{'/ -!Ip~,;:~~- no~ time of the sputter of a target material 1, thermal 

iJ~(:E 1.:- "( b, -!1-J;l-;1 1' :t:f~(f) expansion, such as a target material, is limited 

®llt~JH;t, ~1H;6:1i!ii, 1J'.n 11' in each subsection, fragment 11, and 12, it does 

l 2 r'J I;: ~Jl'.(E ~ti "C, fID,({)$'.Stl;: not affect the other part but the difference of the 

J:t.7&&-lti'\ ~,1,12iii!ii, 11,Jt 1 h elongation in the thickness direction position of 

l 2 (f)rnr.7J../5rtD{1lfl;-eO)flt3TJ(f) each subsection, fragment 11, and 12 is 

~J-j:!j, ~ < ~ ;t ~;ti.Qt>:.~, !1 restrained small, therefore 

- J;l -y 1' f;t 1;: 1~ ;h, iJ~ ~ 1:. L. ft. A crack does not occur in a target material. 

It 'o 

[0010] [0010] 

7'7 ;{'-7 • .A/{-y-!/~~-1' ::t"/ In the source of a plasma sputter type negative 

lml'"C"l:t, .A/{ 'Y -!I • -!1-J;l-y r ion, in order to converge as a beam the 

~mi-<:~1:. L.t.::.~-1 ;4-/~-1' ;:t- negative ion generated on the sputter target 

/i)]l(f)l:fj 1::n;: t:."'-A C: L. "(~JR surface on the outlet of an ion source, it may 

~ -tt' {) t.::. bf>';:, .A/{ -y -!I • !1- make the surface of a sputter target into the 

J;l -y }- ({)1}. ffii ~~cm!l* 1;: ;t <~ "'::> form scooped out to the spherical shape. 

t.::Jf~ C: T-?'> :l&-f!iJt <it.> -5 o .:::. ({) J:: If it does in this way, in the periphery part of a 

? l;:t-;:, .:!:: , -!1-J;l-y }-:t;fO)~ target material, the thickness will amount to 5 

ill.$-<:J:t, -t,-0)~.7;.J'i 5 mml.i 
JlH.: lM L. , .A / { '/ !J f;f i)i ft1J ;h, {) 

lqli15·~iJi iWj < ft. -5 0 [gl 3 ( a ) 

lk T.} ( b ) ''j:' '/J:.'/.p {) ~ -1' ;:t-:.; 

mm level, possibility that a sputter material will 

break becomes higher. 

Although FIG.3(a) and (b) implemented the 

offset rate at the sputter target of this source of 

?ml({) .A/{-;; -!I • -!1-J;l -y }- 1;: .A a negative ion, they are a front elevation and 

~ ~J ~~~:fit§ L-tr.. b (f)(f)JEffii~ sectional drawing in the A-A . 

.!:: , -t_-(f) A-A~'"C"(f)itFf[ij~~ It partitions a target material 1 into many 

lb{) o ~ 1 ';:~ L. tr.. t ({) ..i:: liil#R subsections by the surface's adhering to the 

Ir., ~ifilil~~oo!l*~;:;t <• ~;h,t;:::. backing plate 3 the target material 1 scooped 

!1-J;l -y }- .f;f 1 ~ * './7 -1 / ~ out by the spherical shape by the bonding 

t-:i" 2 ~;: J: "'::> "( /{ 'Y ~ ',/ -?'-:/' v
J-. 3 lt.ll!Jjf L. "(;to~, .A !J 1f:1j ~ 

M 4 a-W~T -5 .:::. ..i:: ~;: J:: "? --c, 
!1- J;l -y }- t;f 1 ~~~ ({) 11'[g:iij 

material 2 like what was shown in Fl G. 1, and 

forming the offset rate slot 4. 

It can prevent the crack of the sputter target by 

heat, therefore 

~;: '.Sttf~ T ~ o 1J01P.H;:. J:: {) .A/ { -y It becomes possible to pu II out a beam more 

~ • -!1-J;l -y }- 0)1f:1J;titlil!/J.ll:: ~ stably than an ion source. 
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~ G n~ &:., , ..{ ~ /tm{ J: I? ~:i:E: f;: 
1:::· -A a- 51 ttl T:. .!:: iJS iiJ'frtH;:. ti 
Go ~ 2 .!:: IRJ:mf;:., ti..{ Jv~~ '? 

*J:\':t-~1iffi L. -C 'b J: V 'o 

[0011] 

THQ,MSON • 
It is sufficient to implement tile sticking form like 

FIG.2. 

[0011) 

[~l'Yj (!)~1';:] [ADVANTAGE OF THE INVENTION] 

:;ijs:~l'Yj J':l:.i;.t.J::~~ L.ft. J:? ~;::, As for this invention, as explained above, the 

!J-lf "/ }- f;ttJS1J' ~ < :5j-tf~ ~ h target material is partitioned small, therefore 

'"( v' G n~ &:., , .Ar~::; ti P~ ~;::, ti At the time of a sputter, it can restrain small the 

-lf "/ }-;f;t~;:.}.Ht .'6J.!i!:.7j./.7rtl) 0) difference of the elongation by the thermal 

~~5JH::. J: -5 {ijl"(fO)~~ a-11, ~ expansion of the thickness direction in a target 

< ~ *. G :. c!::: tJ~ -C: ~ , ti -lf "/ material etc., and can prevent the crack of a 

H~;t(J)lf~ha-lt15ll:T.'6:. c!::: tlS-C: target material. 

~Go 

[0012] [00121 

~ L. -C, .::$:~ ~ ~;:. J: G .A .1{ ::; And in the case of the sputter target with which 

!I • ti - lf ::; }- a--1 ~ /?1ijl f;:ffl it could pull out the ion beam stably, and 

v' G :. .!:: f;:. J: ~ , ..{ ~ /' t:"" -A particularly the surface was scooped out by the 

t-3(:i;E:f;: 51 ttl T;:, .!:: tJ~ -C: ~, ~ spherical shape, it is effective by using the 

f;:~ffiiilS~iJD:jj\f;: ;;t <· &:.,htt.A sputter target by this invention for an ion source. 

/{"/ti • ti -lf::; }- O)~-g.f;:.~ 

* 1¥.1-r: ~ -5 0 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[~ 1 ] [FIG. 1] 

:;ijs:~l'Yj(J)~1iffiiftjO)J:EiJD~&VWT It is the front elevation and sectional drawing of 

oo~"T!~ Go an Example of this invention. 

[~ 2] [FIG. 2) 

ft!1,(!)~1J&ifj~O)lEffii~&VWTiW~ It is the front elevation and sectional drawing of 

-r: ~Go another Example. 
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[@ 3] [FIG. 3] 

JH.:f&<r.>~1.ii~J<T.>lEiii@.&:CJltlf Furthermore, it is the front elevation and 

'fii@'1::J;;oo sectional drawing of another Example. 

[@ 4] [FIG. 4] 

q]t*<T.> .A/{'/ !I • !I - f/ '/ J-. <T.> It is the front elevation and sectional drawing of 

.iE'fii~.& Vltlf'fii~-C:J;; Oo a sputter target of the past. 

[f.f%<T.>tJ!~ l 
1,11,12 !1-f/'/ }-f;f 

2 * ':/7 .{ ';/ ?" f;f 
3 /' '/ ~ ';/ ?":1' v- r 

[@1] 

4 4 

(a) 

3 
(bl 

[DESCRIPTION OF SYMBOLS] 

1, 11. 12 target material 

2 Bonding material 

3 Backing plate 

4 Offset rate slot 

[FIG. 1) 

[@ 2] [FIG. 2] 

3 

(a) 
( b) 

\ 
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;+£ I' .... ; ...... 

[~ 3] [FIG. 3] 

4 4 

3 
(b) 

(a) 

[~4] [FIG. 4) 

t======t-2 

3 

(al 
( b) 
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THOMSON SCIENTIFIC TERMS AND CONDITIONS 

Thomson Scientific Ltd shall not in any circumstances be liable or responsible for 

the completeness or accuracy of any Thomson Scientific translation and will not be 

liable for any direct, indirect, consequential or economic loss or Joss of profit 

resulting directly or indirectly from the use of any translation by any customer. 

Thomson Scientific Ltd. is part of The Thomson Corporation 

Please visit our website: 

7/31/2006 

"www.THOMSONDERWE.t-JT.GOM" (Eno!iHh) 

"www. thornsonsdEintiflc~. iP" (.Japanem::} 
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(21) lfUiJl1fi:f} 
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;;~M 21::J::? L"J~':J::f-::--~:1v- t- a 1::rimlifatt.nl 
-?>. !1-Jf':J t-M 11::7..IJl!JIJi'R (Jjl(;v~liWIJ~.;lj.. 'fJ 
':l 7' -1' /~l::J:: Qj'R) 4 ~illtlt, !1-7' ':l t-M 1 ~;ilt 
OJ~li{@l1~~1!1i"Q. !1-Jf':lf'-MOJ~!~~&W 

"'eOJi$'G<OJ~~;Q1tJ\;! <~I'). !l-7' ':/ t-~OJif!J:tt~l!fj 
(;:c~"'e99.~~~?L'~~~!l-7'':11'-MOJ~W 

~,~,::f-/~:1v- H::lli!i IJftltL''b&vi. 

FI 

(7l)lflfl!.i'tA 

(72)~1!ij~ 

(72)~00~ 

(74)~J!l!A 
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•11fM*< *lift*< liff~JJtOJ•2 <~ 3 JO 

000226688 

Biil\1 Jf-Jv'T-:;.if:ltJ.t~tt 
J:l(:fllllf.f.Jj{:flll ifjtiJJ(li{fiff $il!li~JllT 4 71fi:Jti! 

~ii ~ 
J:l(:fllllf.f.Jj{:flllifj;tiJj(li{fiff $iililitl.lllT 47" 

iil\1 it-Jv:r-:;;t:rtJ.t~ttli'l 
~w niJ 
J:l(:fllllf.f.Jj{:flllrfjtiJJ(li{fiff$il!lilitl.lllT470 

iiJ\1 it-Jv:r-:;;~J.t~ttli'l 

#J!I!± .!£IE -~ 

4 

(a) 

4 11 4 

3 
(bl 

B 

B 
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1 

[~Wfliff;!jtO)t!iJml 

CM:!itlJi l] /'{-;.r::f /:17'v- H::lilillla tttt.?7-?' 
'Jl'--~.AIJ~IJ~CJ::?l-~O)~~!OOC~~attl 
11~.:inl, Xli?'-?'7 t-•O)a-~Cl)1J\ltnt:71 Jvlli!ilJ~ 
1:::1~'J::f:/:17'v- H::lililllattlll~o;: e:e~ltci" 

07../-C:'J?'. -!1-?'7 t-. 
CM:!itlJi2l d:!itlJil0)7-.~7-!1·-!1-?'7t-e~~ 

llil9c:e:e~ltci"9.A1-c:-;.r-!1'11'::t::--1mi. 

C~'!JJO)ifHl!lt'Jmtl!JJl 

[O 0 0 1] 

Ci!~J:.O)'f!JJfl~Jfl *~l!JJli. :lm#!\1:::..to-!1-?'7 t
;ttO)iJIJttel!fHlt.:A.1-c:, :7'11 * ::--1mi~1:::m v}o .A1-c: 7 
!I · !l-'1-:J H:::OO"t-?>. 
[0002] 
CE*O)*~.A~7-!1~1'::f/lmi.1'::t/e-A.A~ 

7-!1IJ/:1~~~C~~.Q7..~-;.r7•:7-?'7t-~ ~ 

4 (a)O)~iti~.~O)A-A~-eO)~ (b) O)~iii~ 
l::.if-i"J:?I:::, 7'7:A~1;;f/, 1::t/e-A"e.A/-C:-;.r 
!latt-?>ffl~O)~$e~u~~0):7-?',t-•1e~;:..

:r1;:..-g•21:::J::? l,~,::f ::--:17'v- t- a 1::ffil:WL-l 
fMlit~tllt-io. !1-?'y t-• Ui.Al~-;.r!/Wi. lliJIHfO) 
'17 :A~ c 7'7 :A~1 ;t /, i!JGlllfi-1;t;,-1=-AO)jj'1 
1::: J:: 1J :1m~a ttoti).:;. ~Cl)?ii~O)tti\01:::1~, ::f /:17' 
v-1- 31i~tqhM1Y-1:::i&1Jf.tltGttlt-lo. 

[0003] 
c~1JFJtitm~L-J::?c!::.i"o11mn tJlfH.>.Alt.-;.r-!1·7-

?' -;.r H1)~1 ;AtitifrtH o mmfi'i!fr0)*9aCl)tO)l:::t.I: 

(2) ~IJllJJ! 5 - 2 3 0 6 4 2 

2 

l:::,EfH)o U::l::J:: IJ. 1 ;t / l::'.'-Atit~~ L-li!Jf l±ltt 
9. 
[0007] 
c~ti!!if!JJ *~*Cl)~tif!if!Jl::?vll~iiie$Jm L- lml!JJ 

"99. ~l (a). (b) li7-.'J'JIJWJ.tl:::J::o7-./f,-:J 
7·7-?'71'-Cl)~ifi~&V:~Cl)A-A~-eCl)~ifi~-e 

;;.,.:;,, 1-<7;i=.::--:17'v- t- a 1::~/"f 1::..-:1•2-eli!iltl' 
atttt-!1-'l,1-•1c.~gCl)~~c:A1J~1Jm<7-. 

1J'J1JtJt-~L-WIJ'6'>. n Y7-< :;;:11:::..t.:im> 4 er& 
10 It. 7-?'y t-• 1 ~-mtifl Omm@frCl)a-fl'.Cl)1J'~ 

!00l1C~~~To. AIJ~IJm4~~tJ<c!::t7-

?'7 t-:ttllll~1:::wlitattlt.lttlt1C~-e1'otit. ~ 1 
Cb) -e111-<-:J::f/:17'v- t- a 1::;1;:-eJiL-lt-1.Qtiu.> 

eif-L-ni.;,. 
coo o 8] 1!1l12 (a), (b) 11:71 Jvlli!ilJ~JctCl)7-. 
~7:7·7-?'7!-0)~iti~c!::~Cl)A-A•-eCl)~ifi~ 

-eit>IJ. =flJJ-7-?'-;.r t-•e-mtiti Omm@.!fECl)1Nt 
l2C~iWL-l~8. ~~9·~0)7-?'71-·Cl)~W 

11 ~~ :;;:r 1 :;...-:1• 21:::..t ?l. 71 Jvlli51Jm:a:-e1-< 
3J ,;i:.::..-:17'v- t- a 1::1i1.il#i"9. 

[ 0 0 0 9] ;: Cl)J::? 1:::. 7-?', t-• 111. fiiJtt t
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Application No. 

10/101,863 

Office Action Summary Examiner 

Michelle Estrada 

Applicant(s) 

ZHANG ET AL. 

Art Unit 

2823 

-· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address •• 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
• If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)!81 Responsive to communication(s) filed on 12 June 2006. 

2a)0 This action is FINAL. 2b)[81 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213. 

Disposition of Claims 

4)!81 Claim(s) 2-4.6-14 and 21-50 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)[81 Claim(s) 14 is/are allowed. 

6)[81 Claim(s) 2-4.6-13 and 21-50 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) !8J 1nformation Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 8115106 6112106. 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 
6) 0 Other: __ . 

U.S. Patent and Trademar1< Office 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20060905 
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Page 2 

The Declaration under 37 CFR 1.132 filed June 12, 2006 is insufficient to 

overcome the rejection of claims 21 and 43 based upon Smolanoff et al. in view 

of Fu et al. as set forth in the last Office action because: using an specific type of 

filter is a matter of design choice depending on the quality of product needed, 

and it is obvious that the filter is going to work at certain frequencies. 

Furthermore, the limitation "the filter is a band rejection filter at a frequency of the 

bias power" is a structural limitation in a method claim, so no matter what filter is 

used, as long as the same result is achieved. 

Applicant's arguments with respect to claims 21 and 43 have been 

considered but are moot in view of the new ground(s) of rejection. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for 

all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

Claims 10-13, 21 and 40-45 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. (6, 117,279) in view of Fu et al. (6,306,265). 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1282 of 1543



Application/Control Number: 10/101,863 

Art Unit: 2823 

With respect to claims 21, 40 and 43, Smolanoff et al. disclose providing 

pulsed DC power (21) through a filter (22) to a target (16) (Col. 5, lines 50-55); 

providing RF bias power to a substrate (15) positioned opposite the target (Col. 

5, lines 60-65); providing process gas between the target and the substrate (Col. 

7, lines 25-28); wherein the filter protects a pulsed DC power supply (21) from 

Page 3 

the bias power, and wherein a plasma is created by application of the pulsed DC 

power to the target (Col. 6, lines 8-13); and wherein the film is deposited by 

exposure of the substrate to the plasma (Col. 6, lines 30-33); using an specific 

type of filter is a matter of design choice depending on the quality of product 

needed, and it is obvious that the filter is going to work at certain frequencies. 

Furthermore, the limitation "the filter is a band rejection filter at a frequency of the 

bias power'' is a str~ctural limitation in a method claim, so no matter what filter is 

used, as long as the same result is achieved, as explained above. 

Smolanoff et al. do not clearly disclose wherein conditioning the target 

includes sputtering with the target in a metallic mode to remove the surface of the 

target and sputtering with the target in a poisonous mode to prepare the surface. 

Fu et al. disclose wherein conditioning the target includes sputtering with 

the target in a metallic mode to remove the surface of the target and sputtering 

with the target in a poisonous mode to prepare the surface (Col. 19, lines 35-40). 

It would have been within the scope of one of ordinary skill in the art to 

combine the teachings of Smolanoff et al. and Fu et al. to enable the conditioning 

step of Smolanoff et al. to be performed according to the teachings of Fu et al. 

because one of ordinary skill in the art would have been motivated to look to 
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alternative suitable methods of performing the disclosed conditioning step of 

Smolanoff et al. and art recognized suitability for an intended purpose has been 

recognized to be motivation to combine. See MPEP 2144.07. 

With respect to claim 8, Smolanoff et al. disclose wherein the process gas 

includes a mixture of oxygen and argon (Col. 7, lines 21-27). 

With respect to claim 10, Smolanoff et al. disclose wherein the process 

gas further includes nitrogen (Col. 7, lines 25-26). 

With respect to claim 11, Smolanoff et al. disclose wherein providing 

pulsed DC power to a target includes providing pulsed DC power to a target 

which has an area larger than that of the substrate (See fig. 1 ). 

With respect to claims 12 and 49, Smolanoff et al. disclose further 

including uniformly sweeping the target with a magnetic field (Col. 6, lines 1-7). 

With respect to claims 13 and 50, Smolanoff et al. disclose wherein 

uniformly sweeping the target with a magnetic field includes sweeping a magnet 

in one direction across the target where the magnet extends beyond the target in 

the opposite direction (Col. 6, lines 1-6). 
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Claims 2-4, 6 and 22-24 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-

13 and 21 above, and further in view of the following comments. 

With respect to claims 2-4, 6 and 22-24, 41, 42, 44-48, One of ordinary 

skill in the art would have been led to the recited temperature, DC power, gas 

flow, time pulse and bias power to routine experimentation to achieve a desire 

layer thickness, device dimension, device associated characteristics and device 

density on the finished wafer in view of the range of values disclosed. 

In addition, the selection of temperature, DC power, gas flow, time pulse 

and bias power, its obvious because it is a matter of determining optimum 

process conditions by routine experimentation with a limited number of species of 

result effective variables. These claims are prima facie obvious without showing 

that the claimed ranges achieve unexpected results relative to the prior art range. 

In re Woodruff, 16 USPQ2d 1935, 1937 (Fed. Cir. 1990). See also In re Huang, 

40 USPQ2d 1685, 1688 (Fed. Cir. 1996)(claimed ranges or a result effective 

variable, which do not overlap the prior art ranges, are unpatentable unless they 

produce a new and unexpected result which is different in kind and not merely in 

degree from the results of the prior art). See also In re Boesch, 205 USPQ 215 

(CCPA) (discovery of optimum value of result effective variable in known process 

is ordinarily within skill or art) and In re Aller, 105 USPQ 233 (CCPA 1995) 

(selection of optimum ranges within prior art general conditions is obvious). 

Note that the specification contains no disclosure of either the critical 

nature of the claimed temperature, DC power, gas flow, time pulse and bias 
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power or any unexpected results arising therefrom. Where patentability is said to 

Page 6 

be based upon particular chosen temperature, DC power, gas flow, time pulse 

and bias power or upon another variable recited in a claim, the Applicant must 

show that the chosen temperature, DC power, gas flow, time pulse and bias 

power are critical. In re Woodruf, 919 F .2d 1575, 1578, 16 USPQ2d 1934, 1936 

(Fed. Cir. 1990). 

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21 

above, and further in view of Le et al. (2003/0077914). 

The combination of Smolanoff et al. and Fu et al. does not disclose 

wherein the film is an upper cladding layer of a waveguide structure and the bias 

power is optimized to provide planarization. 

With respect to claim 7, Le et al. disclose wherein the film is an upper 

cladding layer of a waveguide structure and the bias power is optimized to 

provide planarization Page 5, Paragraph [0075]. 

It would have been within the scope of one of ordinary skill in the art to 

combine the teachings of Smolanoff et al., Fu et al. and Le et al. to enable the 

film material of Smolanoff et al. to be the same according to the teachings of Le 

et al. because one of ordinary skill in the art would have been motivated to look 

to alternative suitable film materials for the disclosed film formation step of 

Smolanoff et al. and art recognized suitability for an intended purpose has been 

recognized to be motivation to combine. See MPEP 2144.07. 
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With respect to claim 9, Le et al. disclose wherein the oxygen flow is 

adjusted to adjust the index of refraction of the film (Page 5, Paragraph [0076)). 

Allowable Subject Matter 

Claim 14 is allowed. 

Conclusion 

Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to Michelle Estrada whose telephone number is 

571-272-1858. The examiner can normally be reached on Monday through 

Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Matthew Smith can be reached on 571-272-1907. The 

fax phone number for the organization where this application or proceeding is 

assigned is 571-273-8300. 

Any inquiry of a general nature or relating to the status of this application 

or proceeding should be directed to the receptionist whose telephone number is 

571-272-2800. 

Information regarding the status of an application may be obtained from 

the Patent Application Information Retrieval (PAIR) system. Status information 

for published applications may be obtained from either Private PAIR or Public 

PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-

Page 7 
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direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC} at 866-217-9197 (toll

free }. 

ME 
September 5, 2006 

Michelle Estrada 
Primary Examiner 

Art Unit 2823 
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Interview Summary 

Application No. 

10/101,863 

Examiner 

Michelle Estrada 
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(1) Michelle Estrada. 
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Date of lnteNiew: 18 January 2007. 
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(4)Hongmei Zhang. 
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Applicant(s) 

ZHANG ET AL. 

Art Unit 

2823 
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reference with respect to the pulsed DC power. Applicants will amend claims 21 and 43 to further clarify the 
invention. Further consideration and search would be needed for the new limitations in the claims. 
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?t2%,_j, 
PATEN~, 

Customer No. 22,852 
Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed September 6, 2006, and the Interview Summary, 

mailed January 23, 2007, the period for response having been extended to February 6, 2007, by a 

request for extension of one month with authorization for the Commissioner to charge the fee to 

Deposit Account No. 06-0916, Applicants propose that this application be amended as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper beginning 

on page 2. 

Remarks/ Arguments follow the amendment sections of this paper beginning on page 6. 
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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Cancelled) 

2. (Previously presented): The method of Claim 21, further including holding the temperature 

of the substrate substantially constant. 

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC power through 

the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz 

and about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

5. (Canceled). 

6. (Previously presented): The method of claim 4, wherein the RF bias power is zero. 

7. (Currently amended): The method of Claim 21, wherein the film is an HJ3J3er elaac:liHg layer of 

a wa11egHic:le straetHre anc:l the RF hias power is optimized to provide planarization. 

8. (Previously presented): The method of Claim 21, wherein a process gas of the process gas 

flow includes a mixture of Oxygen and Argon. 

9. (Previously presented): The method of Claim 8, wherein the mixture is adjusted to adjust the 

index of refraction of the film. 

10. (Previously presented): The method of Claim 8, wherein the mixture further includes 

nitrogen. 

11. (Previously presented):· The method of Claim 21, wherein applying pulsed DC power to the 

target includes adjusting pulsed DC power to a target which has an area larger than that of the 

substrate. 

-2-
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12. (Previously presented): The method of Claim 21, further including uniformly sweeping the 

target with a magnetic field. 

13. (Previously Presented): The method of Claim 12, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

14.-20. (Cancelled). 

21. (Currently amended): A method of depositing [[a]] an oxide film on a substrate, comprising: 

conditioning a target; 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target through a filter such that the target voltage 

oscillates between positive and negative voltages to create a plasma and deposit the oxide film, 

wherein conditioning the target includes sputtering with the target in a metallic mode to 

remove the surface of the target and sputtering with the target in poisonous mode to prepare the 

surface, and 

wherein the filter is a band rejection filter at a frequency of the bias power. 

22. (Previously Presented): The method of Claim 21, wherein setting the process gas flow 

includes adjusting constituents in order to adjust the index of refraction of the film. 

23. (Previously Presented): The method of Claim 21, wherein applying pulsed DC power 

includes setting the frequency in order to adjust the index of refraction of the film. 

24. (Previously Presented): The method of Claim 21, further including adjusting a temperature 

of the substrate in order to adjust the index of refraction of the film. 

25.-39. (Canceled). 

40. (Previously presented): The method of cl~im 21, wherein the band rejection filter is a 

-3-
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narrow band-pass filter. 

41. (Previously presented): The method of claim 21, wherein a bandwidth of the band rejection 

filter is about 100 kHz. 

42. (Previously presented): The method of claim 21, wherein the frequency of the RF bias is 

about 2 MHz. 

43. (Currently amended): A method of depositing [[a]] an oxide film on a substrate, comprising: 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to a target through a band rejection filter at a frequency of the 

bias power such that the target voltage oscillates between positive and negative voltages and an 

oxide film is deposited on the substrate. 

44. (Previously presented): The method of claim 43, wherein a bandwidth of the band rejection 

filter is about 100 kHz. 

45. (Previously presented): The method of claim 43, wherein the frequency of the RF bias is 

about 2 MHz. 

46. (Previously presented): The method of Claim 43, wherein applying pulsed DC power 

includes supplying up to about 10 kW of power at a frequency of between about 40 kHz and 

about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

47. (Previously presented): The method of Claim 43, further including holding the temperature 

of the substrate substantially constant. 

48. (Previously presented): The method of Claim 43, wherein adjusting an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

49. (Previously presented): The method of Claim 43, further including uniformly sweeping the 

target with a magnetic field. 

-4-
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50. (Previously presented): The method of Claim 49, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

51. (New): A method of depositing an oxide film on a substrate, comprising: 

providing a process gas between the substrate and a target; 

applying an RF bias power to the substrate; 

applying pulsed DC power to the target such that the target voltage oscillates between 

positive and negative voltages; and 

filtering the pulsed DC power through a narrow band rejection filter at a frequency of the 

bias power, 

wherein the oxide film is deposited on the substrate. 

52. (New): The method of claim 51, wherein the process gas includes one or more gasses 

chosen from the group consisting of Ar, N2, 02, C2F6, C02, CO, NH3, NO, and halide containing 

gasses. 

53. (New): The method of claim 51, wherein the target is a metallic target. 

54. (New): The method of claim 51, wherein the target is an intermetllic target. 

55. (New). The method of claim 51, further including sweeping the target with a magnetic field. 

56. (New): The method of claim 51, wherein the pulsed DC power is supplied with a reverse 

time pulse between about 1.3 and 5 µs. 

57. (New): The method of Claim 51, wherein applying an RF bias power to the substrate 

includes supplying up to 1000 W of RF power to the substrate. 

58. (New) The method of claims 21, wherein applying pulsed DC power through the filter 

includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about 

350 kHz. 

59. (New) The method of claim 43, wherein applying pulsed DC power through the filter 

includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about 

-5-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1300 of 1543



350 kHz. 

60. (New) The method of claim 51, wherein applying pulsed DC power through the filter 

includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about 

350 kHz. 

-6-
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REMARKS 

Claims 2-4, 6-14, and 21-50 are pending in this application. The Examiner has allowed 

claim 14 and rejected claims 2-4, 6-13, and 21-50. Applicants have canceled claim 14, amended 

claims 21and43, and added new claims 51-60. 

Examiner's Interview 

Applicants wish to thank the Examiner for spending her time in an interview on January 

18, 2007. In attendance at the Interview were Examiner Michelle Estrada, Applicant's counsel, 

Gary J. Edwards, and Inventors R. Ernest Demaray and Hongmei Zhang. Applicants 

substantially agree with the Examiner's Summary of the Interview mailed on January 23, 2007, 

and provide further discussion of the material discussed below. 

During the interview, the inventors described to the Examiner the development of the 

invention, including the development of applicant's pulsed-DC processing technology, and the 

teachings of the cited references. In particular, the Smolanoff reference was discussed with 

respect to independent claims 21 and 43. Applicants discussed amending the claims to further 

clarify the distinctions between the claimed invention and the teachings of Smolanoff and other 

cited art. Those amendments are reflected in the amended claims above and in the newly added 

claims. The distinctions between the claimed invention and the cited prior art is further 

discussed below. 

As pointed out to the Examiner during the interview, and as further discussed in the 

specification (see, e.g., Par. [0049]), the historical difficulty in deposition of insulating oxide 

layers is the formation of insulating layers on the target, which build up charges with the ultimate 

result of unwanted arcing. The arcing results in damaged power supplies and deposition of 

particulate matter, which degrades the properties of the resulting films deposited on the substrate. 
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Some embodiments of pulsed DC processing, as defined in the present application, can 

substantially eliminate this problem. As discussed, for example, in paragraph [0053] of 

Applicant's application, pulsed DC sputtering refers to a sputtering technique where the pulsed 

DC power supply oscillates between positive and negative potentials, driving the voltage of the 

target alternately to positive and negative potentials. Claims 21 and 43 of the present application 

have been amended to explicitly recite that "the target voltage oscillates between positive and 

negative voltages." New claim 51 also recites that "the target voltage oscillates between positive 

and negative voltages." The claims have also been amended to recite that the deposited films are 

oxide films. Applicants reserve the right to pursue allowable claims to the subject matter 

disclosed in the present application in continuation applications. 

In order to further improve the quality of the deposited film, Applicant's apply a 

combination of pulsed DC power to the target and RF bias to the substrate. As is discussed, for 

example, in paragraph [0057] of the specification, application of RF bias to the substrate results 

in a densification of the deposited film. In order to supply both a pulsed DC power to the target 

and an RF bias to the substrate, a narrow band rejection filter is coupled between the pulsed DC 

power supply and the target. The band rejection filter is arranged to reject RF power at the 

frequency of the RF bias to the substrate. Applicants discovered that the use of pulsed DC power 

to the target and RF bias to the substrate resulted in catastrophic failure of the pulsed DC power 

supply due to transmission of the RF power into the pulsed DC power supply. However, a 

conventional high or low pass filter blocks a portion of the pulsed DC frequency to the target and 

therefore the benefits of using pulsed DC power are lost. Applicants discovered that a narrow 

band rejection filter, an embodiment of which is described in the specification at paragraph 

[0056], both protects the DC power supply from the RF bias power and passes the pulsed DC 
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frequencies which form the square pulse of the pulsed DC power to the target so that the benefits 

of pulsed DC deposition with RF bias can be realized. The elimination of a narrow band of 

frequencies about a single frequency in a narrow band rejection filter has a small effect on the 

square shape of the pulsed DC pulse. However, elimination of either all higher frequencies or all 

lower frequencies from the single frequency effectively destroys the shape of the square pulse 

and eliminates control of both the magnitude and duration of the positive portion of the pulse. 

During prosecution of this application, several prior art publications have been raised, 

including Smolanoff (U.S. Patent 6,117,279) and Le (U.S. Publication No. 2003/0077914). 

Smolanoff was discussed during the Interview. Both publications are discussed below in 

particular. Neither of these references, either separately or in combination, teaches the 

combination of pulsed-DC deposition, where the target voltage oscillates between positive and 

negative voltages, and an RF bias. As a summary, Smolanoff teaches sputtering of a conducting 

or metallic layer and does not teach deposition of an "oxide layer," as is recited in each of claims 

21, 43, and 51 above. Additionally, Smolanoff does not teach "applying pulsed DC power to the 

target ... such that the target voltage oscillates between positive and negative voltages," as is 

recited in each of claims 21, 43 and 51. Further, although Smolanoff teaches a filter between a 

DC power supply and the target, Smolanoff does not teach a "narrow band rejection filter" as is 

recited in each of claims 21, 43, and 51. 

Le does not cure the defects in the teachings of Smolanoff. Le teaches "a method of 

depositing a titanium oxide layer on a substrate" utilizing pulsed DC voltage. (Le, Abstract) 

However, Le does not teach applying an RF bias to the substrate or a band rejection filter 

coupled between the pulsed DC power supply and the target. Further, one skilled in the art 

would not be motivated to combine the teachings of Smolanoff, which is directed toward 
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deposition of metallic layers, with the teachings of Le, which is directed toward deposition of a 

titanium oxide layer. 

As is further discussed below, claims 2-13, 21-24, and 40-60 are allowable over the cited 

prior art. 

Claim Rejections under 35 U.S.C. § 1031 

The Examiner has rejected claims 2-4, 6-13, and 21-50 over combinations of Fu and Le 

with Smolanoff. As discussed below, claims 2-4, 6-13, and 21-50, as amended, are allowable 

over the cited references. 

Claims 10-13, 21, and 40-45 

The Examiner has rejected claims 10-13, 21, and 40-45 under 35 U.S.C. § 103(a) as 

being unpatentable over U.S. Patent No. 6,117,279 ("Smolanoff et al.") in view of U.S. Patent 

No. 6,306,265 ("Fu et al."). However, Smolanoff does not teach "applying pulsed DC power to 

the target ... such that the target voltage oscillates between positive and negative voltages," as is 

recited in claims 21 and 43. Additionally, Smolanoff does not teach "a band rejection filter at a 

frequency of the bias power," as is recited in claims 21 and 43. Further, Smolanoff does not 

teach deposition of "an oxide film," as is recited in claims 21 and 43. 

I. Smolanoff does not teach "applying pulsed DC power to the target ... such that the target 
voltage oscillates between positive and negative voltages," as is recited in claims 21 and 43. 

1 The Examiner has made multiple characterizations of the claims, the cited art, and application 
of legal principles to those characterizations. Applicants shall not be deemed to agree with or to 
acquiesce in the Examiner's statements by not specifically addressing these characterizations in 
this response. 
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Smolanoff teaches that "[t]he target power supply 21 is usually a source of constant or 

pulsed DC power and is connected between the cathode assembly 17 and some element such as 

the chamber wall 13 which is at ground potential and serves as the system anode." (Smolanoff, 

col. 5, lines 51-54). Additionally, Smolanoff teaches that "[p]ower from the steady or pulsed DC 

power supply 21 and/or RF generator 24 produces a negative potential on the target 16." 

(Smolanoff, col. 5, line 66, through col. 6, line 1). 

Applicants have explicitly defined pulsed DC power to refer to power that oscillates 

between positive and negative voltages. (See, application, par. [0053]). As described in the 

specification, the positive voltage period allows an insulating layer deposited on the target to 

discharge, resulting in an arc free deposition process. (See, application, par. [0053]). However, 

a second definition of "pulsed DC power" was also in use at the time, and the second definition 

is apparently the definition utilized in Smolanoff. In this second definition, which is also 

referred to as unipolar pulsed DC, the DC power supplied to the target is grounded on occasion, 

either periodically or when an impending discharge is detected. The DC power can be shunted 

to ground so that the voltage on the target was brought from a high negative voltage to near 

ground voltage until the arc condition was dissipated, while the negative voltage power supply 

was protected from the discharge. This process was also referred to as "pulsed DC power," but, 

in Smolanoff, the target remains at a negative voltage throughout the deposition.2 

2 Applicant has submitted three articles that explain various aspects of pulsed-de technology in 
the Information Disclosure Statement that accompanies this amendment: See, e.g., Richard A. 
Scholl, "Power Systems for Reactive Sputtering of Insulating Films," Advanced Energy 
Industries, Inc., While Paper, September, 2001, page 3, paragraph 3; See also, Richard A. Scholl, 
"Advanced Supplies for Pulsed Plasma Technologies: State-Of-The-Art and Outlook," Advanced 
Energy Industries, Inc., White Paper, 1999; ; and A. Belkind, et al., "Pulsed-DC Reactive 

(continued ... ) 
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The process of pulsed DC power as claimed in claims 21 and 43, where "the target 

voltage oscillates between positive and negative voltages," then, differs from the teachings of 

Smolanoff at least in that Smolanoff teaches that the target remains at a negative potential. Such 

pulses occur only, generally, when an impending discharge from the target is sensed and may not 

be periodic. Therefore, Smolanoff does not teach "that the target voltage oscillates between 

positive and negative voltages," as is recited in claims 21 and 43. 

II. Smolanoff does not teach "a band rejection filter at a frequency of the bias power," as is 
recited in claims 21 and 43. 

Smolanoff does not teach "a band rejection filter at a frequency of the bias power," as is 

recited in claims 21 and 43. Smolanoff teaches that "[t]he power supply 21 preferably is 

connected to the cathode assembly 17 through an RF filter 22." (Smolanoff, col. 5, lines 56-58). 

However, no further description of filter 22 is provided. Therefore, Smolanoff does not teach "a 

band rejection filter at a frequency of the bias power," as is recited in claims 21 and 43. 

The Examiner has commented that "using an specific type of filter is a matter of design 

choice depending on the quality of product needed, and it is obvious that the filter is going to 

work at certain frequencies." (OA, page 2). Additionally, the Examiner commented that "the 

limitation 'the filter is a band rejection filter at a frequency of the bias power' is a structural 

limitation in a method claim, so no matter what filter is used, as long as the same result is 

achieved." (OA, page 2). Applicants disagree. 

( ... continued) 
Sputtering of Dielectrics: Pulsing Parameter Effects," Society of Vacuum Coaters 43rd Annual 
Technical Conference Proceedings, Denver, CO, April 15-20, 2000. 
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Although it is true that "the filter is going to work at certain frequencies," as suggested by 

the Examiner, the recited "band rejection filter" works at the frequency of the RF bias supply and 

blocks only a narrow band of frequencies around the frequency of the RF bias supply. This 

allows the square wave pulse of the DC power, which is formed of all frequencies both higher 

and lower than the biased frequency, to be transmitted through the filter to the target. Otherwise, 

the pulse that would reach the target is distorted so that the benefits of the pulsed DC power are 

not realized. Therefore, utilization of a band rejection filter at the frequency of the bias power is 

neither taught nor obvious from the teachings of Smolanoff. Furthermore, use of a band 

rejection filter at the frequency of the bias power places a distinct limitation on the claim. 

Therefore, Smolanoff does not teach "applying pulsed DC power to the target through a 

filter ... wherein the filter is a band rejection filter at a frequency of the bias power," as is 

recited in claims 21, or "applying pulsed DC power to a target through a band rejection filter at a 

frequency of the bias power," as is recited in claim 43. 

III. Smolanoff teaches deposition of metallic films and does not teach "an oxide film," as is 
recited in claims 21 and 43. 

Smolanoff teaches "a sputter coating apparatus" that is generally directed to deposition of 

conducting films. In particular, Smolanoff "relates to sputter coating, and more particularly, to 

the Ionized Physical Vapor Deposition (IPVD) of coating material onto substrates." (Smolanoff, 

col. 1, lines 6-8). Smolanoff teaches that 

For some sputtering processes, such as those used for coating 
contacts at the bottoms of high aspect ratio holes and other features 
on the substrate 15 and for metallizing such holes by filling them 
with sputtered conductive material, it is highly preferred in VLSI 
semiconductor device manufacturing that the particles impinge 
onto the substrate 15 in a narrow angular distribution around the 
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normal to the substrate so that they can proceed directly into the 
features and onto the feature bottoms without striking or being 
shadowed by the feature sides. 

(Smolanoff, col. 6, lines 34-43). 

As stated in Smolanoff, 

The present invention is further predicated in part upon a principle 
that a substantial loss of positive ions from a secondary plasma and 
a resulting reduction in the ionization fraction of sputtered ions by 
the secondary plasma, are prevented when electrically conductive 
shields employed in ionized physical deposition processes on the 
periphery of the secondary plasma used for the ionization of the 
puttered material are prevented from developing a substantial 
negative DC potential. The invention is further predicated in part 
upon the concept that the existence of conductive shields or 
chamber walls bounding the secondary plasma, if prevented from 
developing a strongly negative DC potential or if kept far from the 
center of the chamber, will reduce the steering of positive ions 
from the secondary plasma into the walls or shields, and decrease 
the width of the plasma sheath. The invention is particularly 
predicated on the concept of providing these effects while 
maintaining an RF shield that will allow effective and efficient 
coupling of energy into the secondary plasma. 

Further, Smolanoff teaches that 

For sputter processing, the gas from the supply 40 is typically an 
inert gas such as argon. For reactive processes, additional gases, 
such as nitrogen, hydrogen, ammonia, oxygen or other gas, can be 
introduced through auxiliary flow controllers. 

(Smolanoff, col. 7, lines 23-26). Further, Smolanoff teaches that "[a] metal shield positioned 

inside of the window shields the window from the deposition of conductive sputtered material 

thereon which, if permitted to accumulate on the window, would isolate the chamber from the 

coil." (Smolanoff, col. 4, lines 19-22). Additionally, Smolanoff teaches that 

While the window 60 itself is not electrically conductive, it is 
susceptible to the accumulation of a coating of conductive material 
sputtered from the target 16 .... 

To prevent such buildup of conductive sputtered material 
on the window 60, a shield 70 is provided in the vacuum of the 
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chamber 12 between the space 11 and the window 60, in close 
proximity to the inside surface of the window 60. 

(Smolanoff, col. 7, line 61, -col. 8, line 9). 

As indicated in Smolanoff, and discussed above, the shield taught in Smolanoff can not 

be made insulating and must remain electrically conducting in order for the Smolanoff invention 

to function. Any deposition of insulating material, which would occur during deposition of an 

oxide material, would cause the invention taught in Smalanoff to become nonfunctional. 

Smolanoff, therefore, teaches away from deposition of dielectric materials such as oxide 

materials. Therefore Smolanoff teaches sputtering of conductive materials and does not teach 

deposition of oxide materials. 

IV. Fu does not cure the defects in the teachings of Smolanoff. 

As discussed above, Smolanoff teaches deposition of conducting films and does not teach 

"applying pulsed DC power to the target ... such that the target voltage oscillates between 

positive and negative voltages," as is recited in claims 21 and 43. Additionally, Smolonoff does 

not teach "a band rejection filter at a frequency of the bias power," as is recited in claims 21 and 

43. Fu does not cure the defects in the teachings of Smolonoff. 

Fu teaches "sputtering of materials." (Fu, col. 1, line 13). As shown in Figure 1, Fu 

teaches applying DC power to the target. (See, Fu, Fig. 1; col. 1, lines 30-32). However, Fu 

does not teach "applying pulsed DC power to the target ... such that the target voltage oscillates 

between positive and negative voltages," as is recited in claims 21 and 43. Therefore, Fu does 

not teach the combination of "applying pulsed DC power to the target through a filter ... 

wherein the filter is a band rejection filter at a frequency of the bias power," as is recited in claim 

21, or "applying pulsed DC power to a target through a band rejection filter at a frequency of the 
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bias power," as is recited in claim 43. Although Fu mentions that oxygen can be supplied to the 

reactor to produce oxides such as Ah03 (See, Fu, col. 1, lines 39-40), Fu concentrates on ionized 

metal deposition (See, e.g., Fu, title). 

Therefore, claims 21 and 43 are allowable over the combination of Fu and Smolanoff. 

Claims 10-13 and 40-42 depend from claim 21 and are allowable over the combination of Fu and 

Smolanoff for at least the same reasons as is claim 21. Claims 44-45 depend from claim 43 and 

are allowable over the combination of Fu and Smolanoff for at least the same reasons as is claim 

43. 

Claims 2-4, 5, and 22-24 

The Examiner has rejected claims 2-4, 6, and 22-24 under 35 U.S.C. § 103(a) as being 

unpatentable over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13, and 21, and 

further in view of the Examiner's comments. 

However, claims 2-4, 6, and 22-24 depend from claim 21, which is allowable over the 

combination of Fu and Smolanoff as discussed above. Therefore, claims 2-4, 6, and 22-24 are 

allowable over the combination of Fu and Smolanoff for at least the same reasons as is claim 21. 

The Examiner's comments regarding the prima facie obviousness of claiming different 

ranges are not appropriate with regard to claims 2-4, 6, and 22-24 because the recited ranges are 

directed to the process claimed, which as discussed above is allowable over the cited prior art. 

Therefore, the recited ranges in claims 2-4, 6, and 22-24 are not related to the ranges provided in 

the prior art, which is directed towards different processes. 
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Claims 7 and 9 

The Examiner has rejected claims 7 and 9 under 35 U.S.C. § 103(a) as being unpatentable 

over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13, and 21, and further in 

view of U.S. Application No. 2003/0077914 ("Le et al."). 

As discussed above with respect to claim 21, the combination of Smolanoff and Fu does 

not teach "applying pulsed DC power to the target ... such that the target voltage oscillates 

between positive and negative voltages" and "a band rejection filter at a frequency of the bias 

power," as is recited in claims 21. Le does not cure the defects in the teachings of Smolanoff 

and Fu. 

Le teaches "a method of depositing a titanium oxide layer on a substrate" utilizing pulsed 

DC voltage. (Le, Abstract) However, Le does not teach applying an RF bias to the substrate or a 

band rejection filter coupled between the pulsed DC power supply and the target. Therefore, Le 

does not teach "applying pulsed DC power to the target ... such that the target voltage oscillates 

between positive and negative voltages" and "a band rejection filter at a frequency of the bias 

power," as is recited in claims 21. 

Further, one skilled in the art would not be motivated to combine the teachings of 

Smolanoff, which is directed toward deposition of metallic layers, with the teachings of Le, 

which is directed toward deposition of a titanium oxide layer. In fact, as discussed above, 

Smolanoff teaches away from the deposition of oxide layers because deposition of an oxide layer 

on the shield, which would occur during deposition of an oxide layer, would cause the Smolanoff 

invention to not function. 

-17-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1312 of 1543



Therefore, claims 7 and 9, which depend from claim 21, are allowable for at least the 

same reason as is claim 21. 

New Claims 

Applicants have added new claims 51-60. Independent claim 51 includes the limitations 

of "an oxide film," "applying pulsed DC power to the target such that the target voltage 

oscillates between positive and negative voltages," and "filtering the pulsed DC power through a 

narrow band rejection filter at a frequency of the bias power," which are the limitations that were 

discussed with the Examiner during the Interview of January 18, 2007. Claim 51 includes 

limitations similar to those recited in claims 21 and 43 and discussed above. Therefore, claim 51 

is allowable over the cited prior art. Claims 52-57 and claim 60, which depend from claim 51, 

are therefore allowable over the cited prior art for at least the same reasons as is claim 51. Claim 

58 depends from claim 21 and is therefore allowable over the prior art for at least the same 

reasons as is claim 21. Claim 59 depends from claim 43 and is allowable over the prior art for at 

least the same reasons as is claim 43. 

Support for claims 51-60 can be found throughout the specification. Claim 51 includes 

limitations similar to claims 21 and 43. Claim 52 is disclosed, for example, in paragraph [0015) 

and paragraph [0073). Claims 53 and 54 are disclosed, for example, in paragraph [0062). Claim 

55 is similar to claim 12. Claim 56 includes limitations from claim 3. Claim 57 is similar to 

claim 4. Claims 58-60 include limitations from claim 3. 
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Conclusion 

In view of the foregoing remarks, Applicants submit that this claimed invention, as 

amended, is neither anticipated nor rendered obvious in view of the prior art references cited 

against this application. Applicants therefore request the entry of this Amendment, the 

Examiner's reconsideration and reexamination of the application, and the timely allowance of the 

pending claims. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Dated: February 6, 2007 

EXPRESS MAIL LABEL NO. 
EV 955594467 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:____..__IJ:tr-J.J~.~µ-
Reg. No. 41,008 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

TWELFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicant brings to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed after the events recited in Section l.97(b) but, to the undersigned's knowledge, before the 

mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the 

provisions of 37 C.F.R. § l .97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 as specified by Section l.17(p) to Deposit Account No. 06-0916. 

Copies of the listed foreign and non-patent literature documents are attached. Copies of 

the U.S. patents and patent publications are not enclosed. 

Applicant respectfully requests that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 
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· This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any claim 

in the application and Applicant determilles that the cited documents do not constitute "prior art" 

under United States law, Applicant reserves the right to present to the office the relevant facts 

and law regarding the appropriate status of such documents. 

Applicant further reserves the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Dated: February 6, 2007 

EXPRESS MAIL LABEL NO. 
EV 955594467 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By: ~1~ 
Reg. No. 41,008 
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NOVEL TY - A flywheel for radiating and reinforcing is provided to prevent crack by absorbing 
burst force with elastic force and radiating friction heat in operating the clutch because the 
flywheel is divided into plural portions and manufactured with different materials. 
DESCRIPTION - A flywheel( IO) is composed of a support plate(lOa) combined with a 
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~ (57) Abstract: The optical recording medium (20) has a substrate (1) and a stack (2) of layers provided thereon. A phase change S recording layer (5), having a melting point T mp is sandwiched between a first (3) and a second (7) dielectric layer. A crystallization-
accclcrating layer (4, 6) is being interposed in contact with the recording layer (5). Further a reflective layer (8) is present and an 

0 optional cover layer (9). The crystallization-accelerating layer (4, 6) consists of a binary metal alloy or a semiconductor and has a 
> melting point Tmg at least 250 °C higher than the melting point Tmp of the recording layer (5) and has a crystal structure similar to 
~ the crystalline state of the recording layer (5). 
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WO 01182297 PCT/EPOl/04028 

1 

Optical recording medium and use of such optical recording medium 

The invention relates to an optical recording medium having a substrate and a 

stack of layers provided thereon, the stack comprising a recording layer, having a melting 

point Tmp and being able to change between an amorphous and a crystalline state, sandwiched 

between a first and a second dielectric layer, the first being adjacent to the substrate, a 

5 crystallization accelerating layer being interposed in contact with the recording layer, and a 

reflective layer. 

The invention also relates to the use of such an optical recording medium. 

10 An optical recording medium of the type mentioned in the opening paragraph 

is known from Japanese patent application JP-09161316 A. In the known medium the state of 

the recording layer locally changes from crystalline to amorphous when data are optically 

recorded. 

Optical data storage based on the phase change principle is attractive, because 

15 it combines the possibilities of direct overwrite (DOW) and high storage density with easy 

compatibility with read-only optical data storage systems. Phase-change optical recording 

involves the formation of submicrometer-sized amorphous recording marks in a crystalline 

film using a focused relatively high power laser-light beam. During recording information, 

the medium is moved with respect to the focused laser-light beam that is modulated in 

20 accordance with the information to be recorded. Due to this, quenching takes place in the 

phase-change recording layer and causes the formation of amorphous information bits in the 

exposed areas of the recording layer that remains crystalline in the unexposed areas. Erasure 

of written amorphous marks is realized by recrystallizing through heating with the same laser 

at an intermediate power level, without melting the recording layer. The amorphous marks 

25 represent the data bits, which can be read, e.g. via the substrate, by a low-power focused 

laser-light beam. Reflection differences of the amorphous marks with respect to the 

crystalline recording layer bring about a modulated laser~light beam which is subsequently 

converted by a detector into a modulated photocurrent in accordance with the recorded digital 

information. 
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One of the most important demands in phase-change optical recording is a 

high data rate, which means that data can be written in and read from the medium with a rate 

of at least 30Mbits/s. A high data rate requires the recording layer to have a high 

crystallization rate, i.e. a short crystallization time. To ensure that the previously recorded 

5 amorphous marks can be crystallized during direct overwrite, the recording layer should have 

a proper crystallization time to match the velocity of the medium relative to the laser-light 

beam. If the crystallization speed is not high enough to match the velocity of the medium 

relative to the laser-light beam the amorphous marks from the previous recording, 

representing old data, cannot be completely erased, meaning recrystallized, during DOW 

1 O This causes a high noise level. A high crystallization speed is particularly required in high

density recording and high data rate applications, such as disc-shaped DVD+RW, DVR-red 

and blue which are abbreviations of new generation high density Digital Versatile Disc+RW, 

where RW refers to the rewritability of such discs, and Digital Yideo Recording optical 

storage discs, where red and blue refer to the used laser wavelength. For these new discs the 

15 complete erasure time (CET) has to be at most 60 ns. CET is defined as the minimum 

duration of the erasing pulse for complete crystallization of a written amorphous mark in a 

crystalline environment, which is measured statically. For DVD+RW, which has a 4.7 OB 

recording density per 120 mm disk, a user data bit rate of 33 Mbits/s is needed, and for DVR-. 

red said rate is 35 Mbits/s. For rewritable phase change optical recording systems such as 

20 DVR-blue, a user data rate higher than 50 Mbits/s is required. 

The known medium of the phase-change type comprises a disc-shaped 

substrate carrying a ·stack of layers consisting, in succession, of a first dielectric layer, a 

Sb2 Te3 layer as crystallization accelerating layer, a Sb layer as a composition correcting layer, 

a recording layer of a phase-change Sbn Te2s alloy, a second dielectric layer and a metal 

25 reflective layer. Such a stack oflayers can be referred to as an INP'PIM structure, wherein M 

represents a reflective or mirror layer, I represents a dielectric layer and P represents a phase

change recording layer while P' represents a composition correction layer which mixes with 

the recording layer at first recording. A crystallization accelerating layer N of Sb2 Te3, has 

been arranged between the first dielectric layer and the correction and the recording layer to 

30 achieve a fast crystallization of the medium during erasing information in ~e medium by 

means of a laser-light beain. In the known recording medium the N layer has a melting point 

of 6 l 8°C, only 68°C higher than the melting point 5 50°C of the P layer. The melting point of 

the known N layer is relatively close to the melting point of the Player causing the N layer to 

dissolve in the correction and recording layer P'P after one or at best a few recording/erasure 
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cycles, whereafter the crystallization accelerating layer N is no longer present and its 

crystallization-accelerating action is lost. 

For complete erasure of an amorphous mark, two processes occur, i.e. 

nucleation and grain (crystallite) growth. An investigation of the known recording medium 

5 has revealed that the known crystallization-accelerating layer N is merely a nucleation

promoting layer. 

It is a disadvantage of the known medium that its crystallization accelerating 

layer only functions for at most a few recording and erasing cycles. This is not sufficient for 

modem erasable media, which require a stable performance for at least a thousand of 

10 recording and erasing cycles. 

It is an object of the invention to provide an optical recording medium of the 

kind described in the opening paragraph, which is suitable for high speed rewritable optical 

15 recording, having a CET-value of at most 60 ns. 

It is another object of the invention to provide an optical recording medium of 

the kind described in the opening paragraph, which is suitable for rewritable optical 

recording, having ·a stable performance f~r at least 103 recording and erasing cycles. 

This object is achieved in accordance with the invention by an optical 

20 recording medium as described in the opening paragraph, which is characterized in that the 

crystallization accelerating layer 

comprises a material selected from the group consisting of binary metal alloys, 

semiconductors elements and semiconductor alloys and 

has a melting point T mg at least 250°C higher than the melting point T mp of the 

25 recording layer and 

has a crystal structure similar to the crystalline state of the recording layer. 

The crystallization accelerating layer according to the invention, which will 

also be abbreviated as G, yields a high crystallization speed of the recording layer because the 

amorphous marks of the recording layer are in contact with the G-layer. This accelerates the 

30 crystallite growth process, leading to a higher crystallization speed. Especially because the 

crystal structure of the G-layer is similar to, or even the same as, the structure of the 

crystalline state of the recording layer the crystallization rate of amorphous marks is 

advantageously increased. The crystal structure of the G-layer then serves as a very good 

grain growth initialization or nucleation layer for crystallite growth in the recording layer. 
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The G-layer is always present adjacent to a thermally isolating layer, here the first or second 

dielectric layer, because a stack having a G-layer between the recording layer and the 

substrate or the reflection layer cannot realize the desired thermal properties. 

An advantage of the G-layer, comprising a material selected from the group 

S consisting of binary metal alloys, semiconductors and semiconductor alloys, is that it has a 

high melting point. This counteracts dissolving of the G-layer in the recording layer and 

maintenance of the crystalline structure for a large number of recording and erasing cycles. 

During recording, the maximum temperature in the recording iayer is about 800°C, which is 

about 1.4 times Tmp for a recording layer with a Tmp of 550°C. This may be deduced from a 

10 temperature calculation based on the presented laser energy during recording and the physical 

properties of the stack. The melting temperature T mg of the G-layer has to be above this 

maximwn temperature so that the G-layer remains in crystalline state when the recording 

layer is melted. 

Therefore, the melting temperature difference between recording layer and G-

15 layer should be 250°C or larger, but preferably 300°C or larger, tal<lng into consideration a 

safety margin. 

Preferred materials, which may be used as. G-layer, are PbTe, Ag2 Te, CrTe, Ge 

and Si. 

In an embodiment of the recording medium the G-layer is arranged between 

20 the recording layer and the second dielectric layer. The thickness of the G-layer may be 

chosen ·between 0.1 and 10 nm. The thermal conductivity of the crystallization-accelerating 

layer is generally comparable to that of the recording layer, which is an alloy of metals. 

However this only has a small effect on the thermal behaviour of the stack because the 

thickness of the G-layer is generally relatively small compared to the other layers in the 

25 stack. This facilitates the thermal design of the stack. 

In another embodiment the crystallization time is reduced further in that a 

second G-layer is arranged between the recording layer and the first dielectric layer. Thus a 

G-layer is arranged on both sides of the recording layer. The second G-layer may be of a 

material similar or identical to the material of the other G-layer. The crystallization time is 

30 reduced because now a crystalline layer, which accelerates the crystallite growth process, is 

present against the recorded amorphous mark on both sides. The thicknesses of the G-layers 

are between 0.1 and 1 Onm, preferably lower than 5 nm. 

In a specific embodiment the two G-layers present on either side of the 

recording layer are substantially equal both in thickness and in composition. Equal in 
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thickness means to within 10% of each other. The equality of the thicknesses is advantageous 

in the manufacturing of the medium. In general the stack is deposited by evaporation or by 

sputtering in a vacuum chamber, where substrates move stepwise along a series of stations 

having targets of different compositions. The dwell time at each station is about equal, and 

5 the thickness of the layer deposited at a station is determined in part by switching the 

deposition process on and off. Consequently, the deposition of a relatively thin layer may 

require less time than available at a station, whereas the deposition of a relatively thick layer 

may even require two adjacent stations having the same target. It is therefore advantageous to 

choose to replace a relatively thick layer and a relatively thin layer by two layers of about 

10 equal thickness and composition, thereby reducing the number of deposition stations and the 

manufacturing time of a stack. 

In a specific embodiment the recording layer comprises an alloy of Q, In, Sb 

and Te, wherein Q is selected from the group consisting of Ag and Ge. 

The preferred composition comprises Oa lnb She Ted (in atomic percentages), 

15 wherein Q is selected from the group consisting of Ag and Ge; 

2SaS9 

0<bS6 

. 55 :Sc::::; 80 

16 s d s 30; a+ b + c + d = I 00. 

20 In another specific embodiment the recording layer comprises a compound of 

Ge, Sb and Te. The preferred composition of this compound is defined by the formula 

GesoxSh4<HoxTe60-10" (in atomic percentages), wherein 0.166 S x :S 0.444; 

the recording layer having a thickness of 5 to· 3 5 run; 

This composition exists on a part of the line connecting the compounds GeTe 

25 and Sb2Te3 in the triangular Ge-Sb-Te composition diagram and includes the stoichiometric 

compounds Oe2Sb2Tes (x 4/9), OeSb2Te4 (x = 217) and GeSb4Te1(x=1/6). Especially 

these ternary stoichiometric compounds are preferred, because these materials crystallize 

rapidly since no segregation is required during crystallization. 

The first and second dielectric layers are preferably made of a mixture of ZnS 

30 and Si02, e.g. (ZnS)so(Si02)io. The layers may alternatively be made of Si02, Ti02, Ta20s, 

ZnS, AlN and/or ShN4• The dielectric layer through which the laser light enters the stack 

preferably has a thickness of 70 to (70+A./2n) nm wherein n is the refractive index of the first 

dielectric layer and').. is the wavelength of the read/write laser-light beam. If the total 
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thickness is smaller than 70 run, the cyclability is reduced considerably. The cyclability is 

measured by the relative change of the optical contrast Mo after a large number ofDOW

cycles, e.g. 103
• The optical contrast Mo is defined as IRc-RAllRc, where Re and RA are the 

reflections of the recording material in the crystalline and amorphous state respectively. 

5 Another way to define cyclability is related to jitter increase of the medium. Jitter is a 

measure of the distortion of the shape ofa recording mark, and is measured as a time shift of 

rising and falling edges in the information signal. The jitter of the medium should be at a low, 

constant level during at least 103 DOW-cycles. 

As mentioned above the total thickness of the first dielectric layer is preferably 

10 smaller than (70+A./2n) nm. A larger total thickness does not further increase the cyclability 

and is more expensive to make. If for example the wavelength is equal to 630 nm and the 

refractive index is 1.5, the thickness range extends from 70 run to 280 nm. 

The dielectric layer, which is closest to the reflective layer, has a thickness of 

10 to 40 run. Preferably the thickness of the dielectric layer adjacent to the reflective layer is 

15 larger than or equal to 15 nm. A smaller thickness results in an increased cooling rate of the 

recording layer and, consequently, an undesirable increase in the write power. The thickness 

is preferably smaller than 40 run. A larger thickness decre~~es the thermal contact between 

the recording layer and the reflective layer too much, resulting in too low a cooling rate of the 

recording layer and a worse recording performance. 

20 The reflective layer may comprise metals such as Al, Ti, Au, Ni, Cu, Ag and 

25 

Cr, and alloys of these metals. The reflective layer preferably has a thickness of 60 to 120 

nm. 

Both the reflective layers and the dielectric layers generally have been 

provided by vapour deposition or sputtering. 

Optionally an outennost layer may be present on the stack as a cover layer that 

protects the underlying layers from the environment. The cover layer is made of, for example, 

an UV light-cured poly(meth)acrylate. 

Another specific embodiment is characterized in that the reflective layer is 

present between the substrate and the first dielectric layer. Optionally a cover layer, that is 

30 transparent for laser-light and has a surface which allows optical recording of infonnation 

into and reading of information from the underlying recording layer with a focused laser-light 

beam is present on top of the stack. Thus in this embodiment the optical recording medium is 

written in and read out through the cover layer. This method is used in the new DVR discs 

that were mentioned above. The cover layer of a DVR disc has a thickness of about 100 
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micrometers. This cover layer allows the use, in optical disc recorders, of a read/write lens 

with a high numerical aperture that is necessary for high density recording and reading. 

Because the laser light enters the medium through the cover layer it may be necessary to 

adjust the thicknesses of the layers of the stack in order to optimize for optimal optical 

5 contrast between recorded and unrecorded areas. 

The term high-speed recording, which was mentioned above, is to be 

understood to mean in this context a linear velocity of the medium relative to the laser-light 

beam of at least 7.2 mis, which is six times the speed according to the Compact Disc 

standard. The use of an optical recording medium according to the invention is therefore 

10 advantageous because the crystallization rate is fast enough to perm.it at least this recording 

velocity. The important parameter is the CET (inns), which is defined above. The CET is 

inversely .proportional to the crystallization rate. 

The substrate of the information medium generally is transparent to the laser 

wavelength, and is made, for example, of polycarbonate, polymethyl methacrylate (PMMA), 

15 amorphous polyolefin or glass. In a typical example, the substrate is disc-shaped and has a 

diameter of 120 mm and a thickness of 1.2 mm, 0.6 mm or 0.1 nun for respectively low, 

medium and high information density applications. 

Alternatively, the substrate may be in the forni of a synthetic resin flexible 

tape, made e.g. from a polyester film. This flexible tape, with a stack of layers deposited 

20 thereon, is called an optical tape and can be swted for use in an optical tape recorder, which is 

for example based on a fast spinning polygon. In such a device the reflected laser-light beam 

scans transversely across the tape surface. 

The surface of the disc-shaped substrate on the side of the recording layer is, 

preferably, provided with a servotrack that can be scanned optically. This servotrack is often 

25 constituted by a spiral-shaped groove and is formed in the substrate by means of a mould 

during injection moulding or pressing. This groove can be alternatively fonned in a 

replication process in a synthetic resin layer, for example, of an UV light-cured layer of 

acrylate, which is separately provided on the substrate. In high-density recording such a 

groove has a pitch e.g. of 0.5 - 0.8 µm and a width of about half the pitch. 

30 High-density recording and erasing can be achieved by using a short-

wavelength laser, e.g. with a wavelength of 675 nm or shorter (red to blue). 

The phase change recording layer as well as the G-layer can be applied by 

vapour depositing or sputtering of a suitable target. The recording layer thus deposited is 

amorphous and exhibits a low reflection. In order to constitute a suitable recording layer 
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having a high reflection, this layer must first be completely crystallized, which is commonly 

referred to as initialization. For this purpose, the recording layer can be heated in a furnace to 

a temperature just above the crystallization temperature of the e.g. Ge-In-Sb-Te or Ge-Sb-Te 

compound, e.g. 200°C. A synthetic resin substrate, such as polycarbonate, to which a high 

5 temperature may cause damage, can alternatively be heated by a laser-light beam of sufficient 

power. This can be realized, e.g. in a recorder, in which case a laser beam scans the moving 

recording layer. The amorphous layer is then locally heated to the temperature required for 

crystallizing the layer, without the substrate being subjected to a disadvantageous heat load. 

If desired, an additional, optically transparent, metal layer M' can be 

10 interposed in the stack, thereby forming a so called MIRIM' -structure, wherein R represents 

a layer stack comprising a recording layer and at least one crystallization accelerating layer 

according to the present invention. Although the structure becomes more complicated, the 

additional metal layer increases the cooling rate of the recording layer as well as the optical 

contrast Mo. 

15 Embodiments of the optical recording medium of the invention will be 

described with reference to the drawings. 

In the drawings: 

20 Fig. 1 shows a schematic cross sectional view of a first embodiment of the 

25 

optical recording medium. 

Fig. 2. shows a view as shown in FIG.1 of a second embodiment. 

Fig. 3 shows a view as in FIG.2 of a third embodiment. 

In Fig. 1 the optical recording medium 20 has a substrate 1 and a stack 2 of 

layers provided thereon. The substrate 1 may be made of, for example, a sheet of plastic, e.g. 

polycarbonate, or glass. In Fig. 1 the stack 2 comprises a phase change recording layer 5, 

having a melting point T mp and being able to change between an amorphous and a crystalline 

30 state, that is sandwiched between a first 3 and a second 7 dielectric layer, the first 3 being 

adjacent to the substrate 1. In this embodiment both the first dielectric layer 3 and the second 

dielectric layer 7 are made of the material (ZnS)so(Si02ho and have a thickness of 125 run 

and 20 run respectively. A crystallization accelerating layer 6, abbreviated as G-layer, is 

interposed in contact with the recording layer 5, which comprises an alloy of Q, In, Sb and 
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Te, wherein Q is selected from the group consisting of Ag and Ge. A reflective layer 8 is 

present on top of the stack 2. Reflective layer 8 is a 100 nm layer of Al or an aluminiwn 

alloy, e.g. AlCr or AlTi. The crystallization accelerating layer 6 comprises a binary metal 

alloy or a semiconductor element or semiconductor alloy and has a melting point T mg at least 

5 250°C higher than the melting point Tmp of the recording layer 5. The crystal structure of 

these materials is similar to the crystalline state of the recording layer 5. In this embodiment 

the recording layer 5 is made of Ge6.zln3.2Sb71.1Te19.6, which has a thickness of 12 nm. The 

embodiment shown has a cover layer 9 that may be made of an organic material, e.g. a UV

cured resin. A focused laser-light beam with a wavelength A.=405 nm enters the mediwn 

10 through the substrate 1. This beam is diagrammatically illustrated by means of an arrow 10 in 

Fig. 1. 

Jn this embodiment, when using Pb Te as G-layer, which has a thickness of 3 

run, the CET has been measured to be equal to 40 ns, which is sufficiently short to allow 

high-speed recording. When no G-layer is present a minimal CET value of 48 ns can be 

15 obtained. Other preferred materials as G-layer are Agz Te, CrTe, Ge or Si. The melting points 

Tmg of bulk PbTe, Ag2Te, CrTe, Ge and Si are 914, 960, 1292, 936 and 1414°C respectively. 

The write power for the medium is relati.vely low and is 9 mW at the entrance face of the 

medium at a relative speed between the radiation beam and' the medium of 7.2 mis. The RA 

and Re are measured to be 4.3% and 23% respectively. 

20 The cyclability is measured as the number of rewrite cycles where the jitter 

has increased to 12% of the clock time Tc. The jitter is the standard deviation of the 

difference between the rising and falling edges in the information signal and the data clock 

recovered from the information signal. As an example, for a standard CD format written with 

the so-called EFM code at the CD speed of 1.2 mis and clock time of 230 ns, the jitter should 

25 be lower than 28 ns. The number of overwrite cycles before deterioration of the medium 

becomes noticeable, e.g. the jitter has increased to 12% of the clock time, is larger than 103. 

The jitter of a pattern read from the medium as a function of the overwrite cycle does not 

show a large overshoot 

During writing, the recording layer 5 of Ge6.2ln3.2Sb11.1 Te19.6 is heated to a 

30 temperature of about 750°C, well above its melting temperature, which is about 5S0°C. The 

temperature during recording is below the melting temperature of the G-Iayer 6 comprising 

PbTe. The high melting temperature of the material used for the G-layer neighbouring the 

recording layer 5 therefore results in an increased cyclability of the recording medium. 
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In application JP-09161316 A the crystallization accelerating layer N of 

Sb2 T~, which has a melting point of 6 l 8°C, is thus heated above its melting temperature, 

causing the atoms in the layer to become mobile. These atoms are then able to diffuse into the 

recording layer. The properties of the recording layer are affected by the influx of foreign 

5 atoms, resulting in a deterioration of the recording process. 

In Fig. 2 and Fig. 3 corresponding reference numerals denote the same layers 

as in Fig. 1. 

In Fig. 2 a second crystallization accelerating layer 4 similar to the 

crystallization accelerating layer 6 is arranged between the recording layer 5 and the :first 

10 dielectric layer 3. Now G-layers 4, 6 are present on both sides adjacent to the recording layer 

5. The G-layer 6 is made of Pb Te and has a thickness of 1.5 nm. The second G-layer 4 is 

substantially equal both in thickness and in composition to the G-layer 6. The recording layer 

5 has a thickness of 10 nm. Further the characteristics of the stack 2 are the same as in Fig. 1. 

The CET is measured to be 36 ns. The CET in this embodiment is smaller than in the 

15 embodiment with only one G-layer. The RA and Re are measured to be 4.6% and 22% 

respectively. 

In Fig. 3 the reflective layer 8 is present between the substrate 1 and the first 

dielectric layer 3. In this embodiment the laser light 10 is entering the stack 2 through the 

cover layer 9 which has a thickness of 100 µm. The cover layer 9 has a uniform thickness, 

20 thereby improving the optical read and write performance in underlying recording layers 

when the read or write laser beam passes through said cover layer 9. For example a 100 µm 

cover layer 9 is used for the new 60 mm radius Digital Video Recording (DVR) disc. This 

disc is recorded in and read out through this cover layer 9, which therefore has to be of good 

optical quality. Preferably, the cover layer 9 is 100+/-3 µm thick up to radius 58.5 mm. The 

25 cover layer 9 is made from a lN-cured resin. Dielectric layer 3 and 7 have a thickness of 20 

nm and 125 nm respectively and are made of the same dielectric material as in Fig. 1. G-layer 

4, 6 are made of the same material as in Fig. 2 and both have a thickness of 1.5 nm. 

Recording layer 5 has a thickness of 10 nm. For characteristics that are not specifically 

mentioned reference is made to the description of Fig. 1. 

30 Preferably, for all embodiments, the surface of the disc-shaped substrate 1 on 

the side of the stack 2 is provided with a servotrack that can be scanned optically. This 

servotrack is often constituted by a spiral-shaped groove and is formed in the substrate by 

means of a mould during injection moulding or pressing. This groove can be alternatively 

formed in a replication process in a synthetic resin layer, for example, of an UV light-cured 
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layer of acrylate, which is separately provided on the substrate 1. In high-density recording 

such a groove has a pitch e.g. of 0.5 - 0.8 µm and a width of about half the pitch. 

In a modification of the recording medium of Fig. 3, the recording layer 5 

comprises an alloy of Ge, Sb and Te, e.g. Ge2Sb2 Tes. 

It should be noted that the above-mentioned embodiments illustrate rather than 

limit the invention, and that those skilled in the art will be able to design many alternative 

embodiments without departing from the scope of the appended claims. In the claims, any 

reference signs placed between parentheses shall not be construed as limiting the claim. The 

word "comprising" does not exclude the presence of elements or steps other than those listed 

10 in a claim. The word "a" or "an" preceding an element does not exclude the presence of a 

plurality of such elements. The mere fact that certain measures are recited in mutually 

different dependent claims does not indicate that a combination of these measures cannot be 

used to advantage. 

According to the invention an optical recording medium is provided, which is 

15 suitable for high speed recording, e.g. with a possible data rate higher than 50 Mbits/s, and 

which is suitable for direct overwrite for a least 103 times. 
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CLAJMS: 

1. An optical recording medium (20) having a substrate (1) and a stack (2) of 

layers provided thereon, the stack comprising a recording layer (5), having a melting point 

T mp and being able to change between an amorphous and a crystalline state, sandwiched 

between a first (3) and a second (7) dielectric layer, the first (1) being adjacent to the 

5 substrate (1), a crystallization accelerating layer (4, 6) being interposed in contact with the 

recording layer (5), and a reflective layer (8), characterized in that the crystallization 

accelerating layer ( 4, 6) 

comprises a material selected from the group consisting of binary metal alloys, 

semiconductors elements and semiconductor alloys and 

10 has a melting point T mg at least 2S0°C higher than the melting point T mp of the 

recording layer (5) and 

has a crystal structure similar to the crystalline state of the recording layer (5). 

2. An optical recording medium (20) as claimed in Claim 1 characterized in that 

15 the crystallization accelerating layer ( 4, 6) comprises a material selected from the group 

consisting of PbTe, Ag2Te, CrTe, Ge and Si. 

3. An optical recording medium (20) as claimed in any of Claims 1 or 2, 

characterized in that the crystallization accelerating layer (6) is arranged between the 

20 recording layer (5) and the second dielectric layer (7). 

25 

4. An optical recording medium (20) as claimed in Claim 3, characterized in that 

a second crystallization accelerating layer (4) similar to the crystallization accelerating layer 

(6) is arranged between the recording layer (5) and the first dielectric layer (3). 

5. An optical recording medium (20) as claimed in Claim 4, characterized in that 

the second crystallization accelerating layer ( 4) is substantially equal both in thickness and in 

composition to the crystallization accelerating layer (6). 
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6. An optical recording medium (20) as claimed in Claim l, characterized in that 

the recording layer (5) comprises an alloy of Q, In, Sb and Te, wherein Q is selected from the 

group consisting of Ag and Ge 

S 7. An optical recording medium (20) as claimed in Claim 1, characterized in that 

the recording layer ( 5) comprises an alloy of Ge, Sb and Te. 

10 

8. An optical recording medium (20) as claimed in Claim 1, characterized in that 

the reflective layer (8) is present between the substrate (1) and the first dielectric layer (3). 

9. The use of an optical recording medium (20), which medium is claimed in any 

one of the preceding claims, characterized in that the linear velocity of the medium relative to 

a laser-light beam (10) is at least 7 .2 mis. 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

PETITION FOR EXTENSION OF TIME 

Applicant petitions for a two month extension of time to reply to the Office action of 

September 9, 2006. The Commissioner is hereby authorized to charge the fee of $450.00 to 

Deposit Account No. 06-0916. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Dated: February 6, 2007 

EXPRESS MAIL LABEL NO. 
EV 955594467 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~J/!J 
Reg. No. 41,008 

02/12/2007 EFLORES 00000096 060916 10101863 

01 FC:1252 450.00 DA 
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Customer No. 22,852 
Attorney Docket No. 9140.0016-00 

IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

TWELFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicant brings to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed after the events recited in Section l.97(b) but, to the unders!gned's knowledge, before the 

matling date of either a Final action, Quayle action, or a Notice of Allowance. Under the 

provisions of 37 C.F.R. § l.97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 as specified by Section l.17(p) to Deposit Account No. 06-0916. 

Copies of the listed non-patent literature documents are attached. A copy of the U.S. 

patent publications is not enclosed. 

Applicant respectfully requests that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

03/21/2007 EEKUBAY1 00000028 06091~ 10101063 

01 FC:180G 180.00 DA 
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•, 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any claim 

in the application and Applicant determines that the cited documents do not constitute "prior art" 

under United States law, Applicant reserves the right to present to the office the relevant facts 

and law regarding the appropriate status of such documents. 

Applicant further reserves the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the'documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETI DUNNER, L.L.P. 

Dated: March 19, 2007 

EXPRESS MAIL LABEL NO. 
EV 977728611 US 

-2-
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Application No. 10/291,179 (Attorney Docket No. 9140.0001-00). 

Response to Office Action dated March 1, 2007, in U.S. Application No. 11/100,856 
(Attorney Docket No. 9140.0015-01 ). 
Office Action dated March 14, 2007, in Application No. 10/954, 182 (Attorney Docket 
No. 9140.0016-01 ). 
Response to Office Action dated February 20, 2007, in U.S. Application No. 
10/650,461 (Attorney Docket No. 9140.0025-00). 

Office Action dated March 6, 2007, in U.S. Application No. 10/650,461 (Attorney 
Docket No. 9140.0025-00). 

Notice of Allowance dated February 21, 2007, in U.S. Application No. 10/789,953 
(Attorney Docket No. 9140.0030-00). 

Notice of Allowance dated February 22, 2007, in U.S. Application No. 10/851,542 
(Attorney Docket No. 9140.0033-00). 

I Date 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 101101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

FOURTEENTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicant brings to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed after the events recited in Section l.97(b) but, to the umlersigned's knowledge, before the 

mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the 

provisions of 37 C.F.R. § l.97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 as specified by Section l.17(p) to Deposit Account No. 06-0916. 

Copies of the listed non-patent literature documents are attached. Copies of the U.S. 

patent and patent publication are not enclosed. 

Applicant respectfully requests that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 
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This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any claim 

in the application and Applicant determines that the cited documents do not constitute "prior art" 

under United States law, Applicant reserves the right to present to the office the relevant facts 

and law regarding the appropriate status of such documents. 

Applicant further reserves the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & D , L.L.P. 

Dated: March 30, 2007 

EXPRESS MAIL LABEL NO. 
EV 977728497 US 

-2-
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Application Number 10/101,863 

\ol~ H~-liATION DISCLOSURE Filing Date March 16, 2002 

First Named Inventor ZHANG, Hongmei 
\ ~ STA · ENT BY APPLICANT 

Art Unit 2823 
"2::. ~ 7"1:1~se as many sheets as necessary) Examiner Name ESTRADA, Michelle 

Sheet I 1 I of I 1 Attorney Docket Number 9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns. Lines. Where 

Initials· No.1 

Number-Kind COde
2 

(if known} 
Publication Date Applicant of Cited Document Relevant Passages or Relevant 
MM-DD-YYYY Figures Appear 

US-6,391, 166 81 05-21-2002 Wang 

US-20070053139 A 1 03-08-2007 Zhang et al. 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examiner 
Initials 

I Examiner 
Signature 

Cite 
No.1 

NON PATENT LITERATURE DOCUMENTS 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 
publisher, city and/or country where published. 

Response to Office Action dated March 19, 2007, in U.S. Application No. 
09/903,081 (Attorney Docket No. 9140.0014-00). 
Response to Office Action dated March 30, 2007, 10/954, 182 (Attorney Docket 
No. 9140.0016-01 ). 
Notice of Allowance dated March 26, 2007, in U.S. Application No. 11/228,805 
(Attorney Docket No. 9140.0030-01 ). 
Supplemental Notice of Allowance dated March 15, 2007, in U.S. Application 
No. 10/851,542 (Attorney Docket No. 9140.0033-00). 
Voluntary Amendment dated March 8, 2007, in TW Appl. No. 93114518 
(Attorney Docket No. 9140.0033-00270). 
Application filed March 22, 2007 (Attorney Docket No. 9140.0033-01 ). 

I Date 
Considered 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in confonnance with MPEP 609. Draw line through 
citation if not in confonnance and not considered. Include copy of this fonn with next communication to applicant. 
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10/101,863 03/16/2002 Hongrnei Zhang 

22852 7590 05/02/2007 
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 
901 NEW YORK A VENUE, NW 
WASHINGTON, DC 20001-4413 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspt.o.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

9140.0016-00 6938 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

MAIL DATE DELIVERY MODE 

05/02/2007 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 
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Application No. Applicant(s) 

10/101,863 ZHANG ET AL. 

Office Action Summary Examiner Art Unit 

Michelle Estrada 2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR .1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed. may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1)~ Responsive to communication(s) filed on 06 February 2007. 

2a)~ This action is FINAL. 2b )0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)~ Claim(s) 2-13.21-24 and 40-60 is/are pending in the application. 
\ 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)~ Claim(s) 2-13.21-24 and 40-60 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing{s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or {f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) D Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3} C8] 1nformation Disclosure Statement(s) (PTO/SB/08} 
Paper No(s}/Mail Date 216107 3130107 3119107. 

4) D Interview Summary (PT0-413} 
Paper No(s}/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070430 
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The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 10-13, 21, 40-45 and 51-60 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. (6, 117 ,279) in view of Fu et at. (6,306,265). 

With respect to claims 21, 40, 43 and 52, Smolanoff et al. disclose providing 

pulsed DC power (21) through a filter (22) to a target (16) (Col. 5, lines 50-55); providing 

RF bias power to a substrate (15) positioned opposite the target (Col. 5, lines 60-65); 

providing process gas between the target and the substrate (Col. 7, lines 25-28); 

wherein the filter protects a pulsed DC power supply (21) from the bias power, and 

wherein a plasma is created by application of the pulsed DC power to the target (Col. 6, 

lines 8-13) such that the target voltage opscillates between positive and negative 

voltages; and wherein the film i_s deposited by exposure of the substrate to the plasma 

(Col. 6, lines 30-33); using an specific type of filter is a matter of design choice 

depending on the quality of product needed, and it is obvious that the filter is going to 

work at certain frequencies. Furthermore, the limitation "the filter is a band rejection 

filter at a frequency of the bias power" is a structural limitation in a method claim, so no 

matter what filter is used, as long as the same result is achieved, as explained above. 
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Smolanoff et al. do not clearly disclose wherein conditioning the target includes 

sputtering with the target in a metallic mode to remove the surface of the target and 

sputtering with the target in a poisonous mode to prepare the surface. 

Fu et al. disclose wherein conditioning the target includes sputtering with the 

target in a metallic mode to remove the surface of the target and sputtering with the 

target in a poisonous mode to prepare the surface (Col. 19, lines 35-40). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Fu et al. to enable the conditioning step of 

Smolanoff et al. to be performed according to the teachings of Fu et al. because one of 

ordinary skill in the art .would have been motivated to look to . alternative suitable 

methods of performing the disclosed . conditioning step of Smolanoff et al. and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

With respect to claims 8 and 52, Smolanoff et al. disclose wherein the process 

gas includes a mixture of oxygen and argon (Col. 7, lines 21-27). 

With respect to claim 10, Smolanoff et al. disclose wherein the process gas 

further includes nitrogen (Col. 7, lines 25-26). 

With respect to claim 11, Smolanoff et al. disclose wherein providing pulsed DC 

power to .a target includes providing pulsed DC power to a target which has an area 

larger than that of the substrate (See fig. 1 ). 
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With respect to claims 12, 49 and 55, Smolanoff et al. disclose further including 

uniformly sweeping the target with a magnetic field (Col. 6, lines 1-7). 

With respect to claims 13 and 50, Smolanoff et al. disclose wherein uniformly 

sweeping the target with a magnetic field includes sweeping a magnet in one direction 

across the target where the magnet extends beyond the target in the opposite direction 

(Col. 6, lines 1-6). 

With respect to claims 56-60, One of ordinary skill in the art would have been led 

to the ~ecited time pulse, bias power and frequency to routine experimentation to 

achieve a desire layer thickness, device dimension, device associated characteristics 

and device density on the finished wafer in view of the range of values disclosed. 

In addition, the selection of time pulse, bias power and frequency, its obvious 

because it is a matter of determining optimum process conditions by routine 

experimentation with a lim.ited number of species of result effective variables. These 

daims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 
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(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed time pulse, bias power and frequency or any unexpected results arising 

therefrom. Where patentability is said to be based upon particular chosen time pulse, 

bias power and frequency or upon another variable recited in a claim, the Applicant 

must show that the chosen time pulse, bias power and frequency are critical. In re 

Woodruf, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Claims 2-4, 6 and 22-24 are rejected under '35 U.S.C. 103(a) as being 

unpatentable over Smola~off et al. in view of Fu et al. as applied to claims 8, 10-13 and 

21 above, and further in view of the following comments. 

With respect to claims 2-4, 6 and 22-24, 41, 42, 44-48, One of ordinary skill in the 

art would have been led to the recited temperature, DC power, gas flow, time pulse and 

bias power to routine experimentation to achieve a desire layer thickness, device 

dimension, device associated characteristics and device density on the finished ~afer in 

view of the range of values disclosed. 

In addition, the selection of temperature, DC power, gas flow, time pulse and bias 

power, its obvious because it is a matter of determining optimum process conditions by 

routine experimentation with a limited number of species of result effective variables. 

These claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 
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1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 {CCPA) {discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, gas flow, time pulse and bias power or any 

unexpected results arising therefrom. Where patentability is said to be based upon 

particular chosen temperature, DC power, gas flow, time pulse and bias power or upon 

another variable recited in a claim, the Applicant must show that the chosen 

temperature, DC power, gas flow, time pulse and bias power are critical. In re Woodruf, 

919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Claims 7 and 9 are rejected under 35 U.S.C. 103{a) as being unpatentable over 

Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21 above, and 

further in view of Le et al. {2003/0077914). 

The combination of Smolanoff et al. and Fu et al. does not disclose wherein the 

film is an upper cladding layer of a waveguide structure and the bias power is optimized 

to provide planarization. 
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With respect to claim 7, Le et al. disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075]. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Fu et al. and Le et al. to enable the film material of 

Smolanoff et al. to be the same according to the teachings of Le et al. because one of 

ordinary skill in the art would have been motivated to look to alternative suitable film 

materials for the disclosed film formation step of Smolanoff et al. and art recognized 

suitability for an intended pur:pose has been recognized to be motivation to combine. 

See MPEP 2144.07. 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076]). 

Response to Arguments 

Applicant's arguments filed 2/6/07 have been fully considered but they are not 

persuasive. Applicant argues that Smolanoff et al. do not disclose a target voltage that 

oscillates between positive and negative voltages. However, Smolanoff is using and RF 

bias power, which Will make the voltage ·to oscillate between positive and negative 

voltages, it doesn't matter if they are using just the negative voltage it will oscillate. 

Applicant argues that Smolanoff et al. is directed to deposit conducing layers. 

However, Applicant claim is directed to an oxide, it doesn't say it can't be a conducting 
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oxide. Therefore, the process suggested by Smolanoff et al. with the remaining 

references is encompassed by the instant claims. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

~ 
Michelle Estrada 
Primary Examiner 

Art Unit 2823 

ME 
April 30, 2007 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 10655.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 101101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 6938 
) 
) 

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(b) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(b ), Applicants bring to the attention of the 

Examiner the document on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. 

Copies of the listed foreign document and non-patent literature documents are attached. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claim in the application and Applicants determine that the cited documents do not constitute 
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U.S. Appl. No. 10/101,863 
Atty. Docket No. 10655.0016-00 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETI UNNER, L.L.P. 

Dated: October 2, 2007 

EXPRESS MAIL LABEL NO. 
EM 100825487 US 

-2-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1373 of 1543



I j) __ f\U K7 7 91 .. 
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CONTINUED EXAMINATION (RCE) Filing Date: March 16, 2002 

TRANSMIT E 
I~ First Named Inventor: ZHANG, Hongmei 

Address to: . '!. \111\1 1 ~ Group Art Unit: 2823 
Mail Stop RC.E r;:,C,\ ~ : 
Commissioner for Patents 
P.O. Box 1450 ~-TR~~ 

Examiner: ESTRADA, Michelle 

Alexandria, VA 22313-1450 Attorney Docket Number: 10655.0016-00 -

This is a Request for Continued Examination (RCE) under 37C.F.R.§1.114 of the above-identified application. 

Request for Continued Examination (RCE) practice under 37 C.F.R. § 1.114 does not apply to any utility or plant application filed prior 
to June 8, 1995, or to any design application. 

1. Submission required under 37 C.F.R. § 1.114: Note: If the RCE is eroeer1 an:v: ereviousl:v: filed unentered amendments 
and amendments enclosed with the RCE will be entered in the order in which the:v: were filed unless aeelicant instructs 
otherwise. If applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must 
request non-entry of such amendment. 

a. D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be 
consiqered as a submission even if this box is not checked. 

i. D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

ii. D Other 

b. D DO NOT ENTER the amendment(s) previously filed on An alternate submission is attached. 

c. 181 Enclosed submission: . 

i. 181 Amendment/Reply iii. 181 Information Disclosure Statement 

ii. D Affidavit( s )/Declaration( s) iv. D Other 

2. Miscellaneous 

a. D Suspension of action on the above-mentioned application is requested under 37 C.F.R. § 1.103(c) for a period of 
[number] months. (Period of suspension shall not exceed 3 months; fee under 37 C.F .R. § 1.17(i) required.) 

b. D Other 

3. Fees 
' 

a. 181 The filing fee is calculated as follows: 

i. 181 $810.00 RCE fee required under 37 C.F.R. § 1.17(e) 

ii. 181 Petition for extension of time for(£ Months) $460.00 

iii. D Other 

b. 181 The Commissioner is hereby authorized to charge the fee of $1,270.00 to deposit account no. 06-0916. 

c. 181 The Commissioner is authorized to charge any deficiencies in the filing fees, and/or credit any overpayments to Deposit 
Account 06-0916. 

Signature of Applicant, Attorney, or Agent Required 

Name: Gary J. Edwards i:J Reg. No.: 41,008 
A 

Signature: 'fl,,. J N, f /; - .l/t Date: October 2, 2007 
~ 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 10655.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

PETITION FOR EXTENSION OF TIME 

Applicants petition for a two-month extension of time to reply to the Final Office Action 

of May 2, 2007. The Commissioner is hereby authorized to charge the fee of $460.00 to Deposit 

Account No. 06-0916. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

10/05/2007 THGUYEH2 00000052 060916 10101863 

02 FC:1252 460.00 DA 

Dated: October 2, 2007 

EXPRESS MAIL LABEL NO. 
EM 100825487 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 

ByJ;PiNNER, L.L.P. 
J. Edwards 

Reg. No. 41,008 
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RESPONSE UNDER 37 C.F.R. § 1.116 
EXPEDITED PROCEDURE REQUESTED 

EXAMINING GROUP 2820 
PATENT 

Customer No. 22,852 
Attorney Docket No. 10655.0016-00 

IN THE UNITED STA TES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REATIVE 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) Confirmation No.: 6938 
) 
) 

SPUTTERING OF OXIDE FILMS ) 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

AMENDMENT 

This response is being filed with a Request for Continued Examination and is in reply to 

the Final Office Action mailed May 2, 2007, the period for response having been extended to 

October 2, 2007, by a request for extension of two months with authorization for the 

Commissioner to charge the fee to Deposit Account No. 06-0916. Applicant amends the 

application as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper beginning 

on page 2. 

Remarks/ Arguments follow the amendment sections of this paper beginning on page 7. 
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AMENDl\ilENTS TO THE CLAIMS: 

U.S. Application No. 101101,863 
Attorney Docket No. 10655.0016-00 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Cancelled) 

2. (Previously presented): The method of Claim 21, further including holding the temperature 

of the substrate substantially constant. 

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC power through 

the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz 

and about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

5. (Canceled). 

6. (Previously presented): The method of claim 4, wherein the RF bias power is zero. 

7. (Previously presented): The method of Claim 21, wherein the RF bias power is optimized to 

provide planarization. 

8. (Previously presented): The method of Claim 21, wherein a process gas of the process gas 

flow includes a mixture of Oxygen and Argon. 

9. (Previously presented): The method of Claim 8, wherein the mixture is adjusted to adjust the 

index of refraction of the film. 

10. (Previously presented): The method of Claim 8, wherein the mixture further includes 

nitrogen. 

11. (Previously presented): The method of Claim 21, wherein applying pulsed DC power to the 

target includes adjusting pulsed DC power to a target which has an area larger than that of the 

-2-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1377 of 1543



substrate. 

U.S. Application No. 101101,863 
Attorney Docket No. 10655.0016-00 

12. (Previously presented): The method of Claim 21, further including uniformly sweeping the 

target with a magnetic field. 

13. (Previously presented): The method of Claim 12, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

14.-20. (Cancelled). 

21. (Currently amended): A method of depositing an oxide film on a substrate, comprising: 

conditioning a target; 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target thFaHgh a filteF such that the~ target voltage 

oscillates between positive and negative voltages to create a plasma and deposit the oxide film,;_ 

and 

band rejection filtering the DC power at a frequency of the bias power before applying 

the DC power to the target, 

wherein conditioning the target includes sputtering with the target in a metallic mode to 

remove the surf ace of the target and sputtering with the target in poisonous mode to prepare the 

surface,..afl6 

whereifl the filter is a eaaa Fejeeti0fl filter at a fFeEfHeRey ef the Bias J.30Wer. 

22. (Previously presented): The method of Claim 21, wherein setting the process gas flow 

includes adjusting constituents in order to adjust the index of refraction of the film. 

23. (Previously presented): The method of Claim 21, wherein applying pulsed DC power 

includes setting the frequency in order to adjust the index of refraction of the film. 

24. (Previously presented): The method of Claim 21, further including adjusting a temperature 

of the substrate in order to adjust the index of refraction of the film. 

-3-
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25.-39. (Canceled). 

U.S. Application No. J0/101,863 
Attorney Docket No. 10655.0016-00 

40. (Currently amended): The method of claim 21, wherein band rejection filtering utilizes the 

band rejection filter is a narrow band-pass filter. 

41. (Currently amended): The method of claim 21, wherein a bandwidth of the narrow band 

rejection filter is about 100 kHz. 

42. (Previously presented): The method of claim 21, wherein the frequency of the RF bias is 

about 2 MHz. 

43. (Currently amended): A method of depositing an oxide film on a substrate, comprising: 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; aaEl 

applying pulsed DC power to a target flH:eHgh a eaaa rejeetiea filter at a freC}HeRey ef the 

eias pev:er such that the ~ target voltage oscillates between positive and negative voltages and an 

oxide film is deposited on the substrate; and 

band rejection filtering the DC power at a frequency of the bias power before applying 

the DC power to the target. 

44. (Previously presented): The method of claim 43, wherein band rejection filtering the DC 

power includes utilizing a band rejection filter with a bandwidth of the eaaa rejeetiea filter is 

less than about 100 kHz. 

45. (Previously presented): The method of claim 43, wherein the frequency of the RF bias is 

about 2 MHz. 

46. (Previously presented): The method of Claim 43, wherein applying pulsed DC power 

includes supplying up to about 10 kW of power at a frequency of between about 40 kHz and 

about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

47. (Previously presented): The method of Claim 43, further including holding the temperature 

-4-
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of the substrate substantially constant. 

U.S. Application No. 10/101,863 
Attorney Docket No. 10655.0016-00 

48. (Previously presented): The method of Claim 43, wherein adjusting an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

49. (Previously presented): The method of Claim 43, further including uniformly sweeping the 

target with a magnetic field. 

50. (Previously presented): The method of Claim 49, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

51. (Currently amended): A method of depositing an oxide film on a substrate, comprising: 

providing a process gas between the substrate and a target; 

applying an RF bias power to the substrate; 

applying pulsed DC power to the target such that the~ target voltage oscillates between 

positive and negative voltages; and 

narrow band rejection filtering the pulsed DC power thF01:1gh a BarF0V/ aaBa Fejeeti0B 

fi.lteF at a frequency of the bias power before applying pulsed DC power to the target, 

wherein the oxide film is deposited on the substrate. 

52. (Previously presented): The method of claim 51, wherein the process gas includes one or 

more gasses chosen from the group consisting of Ar, N2, 02, C2F6, C02, CO, NH3, NO, and 

halide containing gasses. 

53. (Previously presented): The method of claim 51, wherein the target is a metallic target. 

54. (Previously presented): The method of claim 51, wherein the target is an intermetllic target. 

55. (Previously presented). The method of claim 51, further including sweeping the target with 

a magnetic field. 

56. (Previously presented): The method of claim 51, wherein the pulsed DC power is supplied 

with a reverse time pulse between about 1.3 and 5 µs. 

-5-
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U.S. Application No. 10/101,863 
Attorney Docket No. 10655.0016-00 

57. (Previously presented): The method of Claim 51, wherein applying an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

58. (Currently amended) The method of claims 21, wherein applying pulsed DC power thr01:1gh 

the filter includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and 

about 350 kHz. 

59. (Currently amended) The method of claim 43, wherein applying pulsed DC power thr01:1gh 

the filter includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and 

about 350 kHz. 

60. (Currently amended) The method of claim 51, wherein applying pulsed DC power thr01:1gh 

the filter includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and 

about 350 kHz. 

-6-
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REMARKS 

U.S. Application No. 10/101,863 
Attorney Docket No. I0655.0016-00 

Claims 2-13, 21-24, and 40-60 are pending in this application. The Examiner has 

rejected claims 2-13, 21-24, and 40-60. Applicants herein have amended claims 21, 40, 43-44, 

51, and 58-60 in order to further clarify the invention. No new matter has been added in this 

Amendment. 

Claim Rejections Under 35 U.S.C § 103(a)l 

To establish a prima facie case of obviousness the prior art reference (or references when 

combined) must teach or suggest all the claim limitations. See MPEP § 2142, 8th Ed., Rev. 5 

(August 2006). Moreover, "in formulating a rejection under 35 U.S.C. § 103(a) based upon a 

combination of prior art elements, it remains necessary to identify the reason why a person of 

ordinary skill in the art would have combined the prior art elements in the manner claimed." 

USPTO Memorandum from Margaret A. Focarino, Deputy Commissioner of Patent Operations, 

May 3, 2007, page 2. As further discussed below, the Examiner has not established a prima 

facia case of obviousness at least because the prior art fails to teach all of the elements of each of 

the rejected claims. 

Claims 10-13, 21, 40-45, and 51-60 

Claims 10-13, 21, 40-45, and 51-60 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over U.S. Patent No. 6,117,279 to Smolanoff et al. ("Smolanoff') in view of U.S. 

1 The Examiner has made multiple characterizations of the claims, the cited art, and the 
application of legal principles to those characterizations. Applicants shall not be deemed to 
agree with or to acquiesce in the Examiner's statements by not specifically addressing these 
characterizations in this response. 

-7-
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U.S. Application No. 10/101,863 
Attorney Docket No. 10655.0016-00 

Patent No. 6,306,265 to Fu et al. ("Fu"). Claims 21, 43, and '51 are independent claims. 

Applicants herein traverse these rejections. 

1. Neither Smolanoff nor Fu teach applying pulsed DC power to the target so that the target 
voltage oscillates between positive and negative voltages. 

Claims 21 and 51 each recite "applying pulsed DC power to the target such that a target 

voltage oscillates between positive and negative voltages ... " Claim 43 recites "applying pulsed 

DC power to a target such that a target voltage oscillates between positive and negative voltages 

.... " Therefore, each of the independent claims requires applying pulsed DC power to the 

target such that the target voltage oscillates between positive and negative voltages. Neither 

Smolanoff nor Fu teach this limitation. In fact, both Smolanoff and Fu teach away from this 

feature in that both teach that the target voltage must be at a negative potential so that the target 

functions as a cathode. 

The Examiner states that "Smolanoff et al. discloses ... wherein a plasma is created by 

application of the pulsed DC power to the target (Col. 6, lines 8-13) such that the target voltage 

opscillates [sic] between positive and negative voltages ... " (Office Action, page 2). However, 

Smolanoff teaches away from the target voltage going positive. In fact, the Examiner's cited 

reference states exactly the opposite of the Examiner's assertion. that Smolanoff teaches that the 

target voltage oscillates between positive and negative voltages Smolanoff states that "[t]his 

main plasma in the region 23 becomes a source of positive ions of gas that are accelerated 

toward, and collide against, the negatively charged surface of the target 16, thereby ejecting 

particles of coating material from the target 16." (Smolanoff, col. 6, lines 8-13). 

Smolanoff teaches in its background section that "[t]he plasma is typically generated by 

maintaining the target, either constantly or intermittently, at a negative potential so that the 

target functions as a cathode to supply electrons that excite the gas in the chamber and form a 

-8-
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U.S. Application No. I 0/ 101,863 
Attorney Docket No. 10655.0016-00 

plamsa adjacent to the target surface." (Smolanoff, col. 1, lines 33-37) (emphasis added). 

Further, in operation "[t]he gas ions accelerate toward the target, which is negatively biased, to 

collide with the target surface and eject from the target surface atoms and atomic clusters or 

particles of target material, as well as secondary electrons, which play a role in sustaining the 

plasma." (Smolanoff, col. 1, lines 41-46) (emphasis added). 

Further, in describing Smolanoff s apparatus, as shown in Figure 1, Smolanoff teaches 

that "[t]he magnet structure 20 preferably includes magnets that produce a closed magnetic 

tunnel over the surface of the target 16 that traps electrons given off into the chamber 12 by the 

cathode assembly 17 when the cathode assembly 17 is electrically energized to a negative 

potential as is familiar to one skilled in the art." (Smolanoff, col. 5, lines 39-44) (emphasis 

added). 

In particular, Smolanoff teaches that the target is always negative: 

Power from the steady or pulsed DC power supply 21 and/or RF 
generator 24 produces a negative potential on the target 16. The 
negative potential accelerates ions towards the surface of the target 
which, upon impact, cause electrons to be emitted from the surf ace 
of the target 16. These electrons become trapped over the surface 
of the target 16 by the magnetic field generated by the magnet pack 
20, until, eventually, the electrons strike and thereby ionize atoms 
of process gas in close proximity to the surface of the target 16, 
forming a main plasma in a region 23 of the volume 11 adjacent to 
the surface of the target 16. This main plasma in the region 23 
becomes a source of positive ions of gas that are accelerated 
toward, and collide against, the negatively charged surface of the 
target 16, thereby ejecting particles of coating material from the 
target 16. 

(Smolanoff, col. 6, line 66, through col. 6, line 12) (emphasis added). 

Therefore, repeatedly Smolanoff teaches that the target must be negative in order to 

create the plasma. Smolanoff never teaches that the target is at a positive voltage, which 

according to the teachings of Smolanoff would not work because the positive ions of the plasma 

-9-
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U.S. Application No. 10/101,863 
Attorney Docket No. 10655.0016-00 

would not then be attracted to the target. Smolanoff therefore teaches away from applying a 

positive voltage to the target. At a minimum, the Examiner can not maintain that Smolanoff 

teaches "applying pulsed DC power to the target such that a target voltage oscillates between 

positive and negative voltages" as is recited in claims 21 and 51 or "applying a pulsed DC power 

to a target such that a target voltage oscillates between positive and negative voltages" as is 

recited in claim 43. 

Further Fu also teaches away from the target having a positive voltage. As taught in Fu, 

in describing a conventional PVD reactor, "[a] selectable DC power supply 22 negatively biases 

the target 14 to about-600 VDC with respect to the shield 20." (Fu, col. 1, lines 31-33) 

(emphasis added). Further, as was similarly taught in Smolanoff, "[w]hen the argon is admitted 

into the chamber, the DC voltage b~tween the target 14 and the shield 20 ignites the argon into a 

plasma, and the positively charged argon ions are attracted to the negatively charged target 

14." (Fu, col. 1, lines 51-54) (emphasis added). Therefore, Fu, like Smolanoff, teaches that the 

target must be negative and therefore teaches away from a positive target voltage. At a 

minimum, the Examiner can not maintain that Fu teaches "applying pulsed DC power to the 

target such that a target voltage oscillates between positive and negative voltages" as is recited in 

claims 21 and 51 or "applying a pulsed DC power to a target such that a target voltage oscillates 

between positive and negative voltages" as is recited in claim 43. 

In responding to the remarks of Applicant's Amendment filed on February 6, 2007, the 

Examiner remarks that 

Applicant argues that Smolanoff et al. do not disclose a target 
voltage that oscillates between positive and negative voltages. 
However, Smolanoff is using and [sic] RF bias power, which will 
make the voltage to oscillate between positive and negative 
voltages, it doesn't matter if they are using just the negative 
voltage it will oscillate. 

-10-
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U.S. Application No. 101101,863 
Attorney Docket No. 10655.0016-00 

(Office Action, page 7). First, applying an RF bias to the substrate has negligible if any effect on 

the target voltage in a PVD deposition apparatus. Further, as seen in the discussion above, even 

if an RF voltage is applied to the target, the target achieves and maintains a negative voltage and 

never goes positive, as is well know in the art. Further, as is discussed in both Fu and 

Smolanoff, applying an RF bias to the substrate causes the substrate to become negative so as to 

attract the positive ions in the plasma. (See Smolanoff, col. 6, lines 51-63, "Such attraction of 

the positive ions of sputtered material toward the substrate 15 can be achieved, for example, by 

applying a negative bias to the substrate 15 through the operation of the bias power supply 

27. Such bias attracts the positive sputtered ions .... For silicon semiconductor wafers, this 

bias power supply 27 is preferably an RF generator that operates in the range of from about 

0.05 to 80 MHz." (emphasis added); Fu, col. 2, lines 36-45, "[t]he pedestal 18 of FIG. 1, even if 

it is left electrically floating, develops a DC self-bias, which attracts ionized sputtered particles 

from the plasma across the plasma sheath adjacent to the pedestal 18 and deep into the hole 40 in 

the dielectral layer 42. The effect can be accentuated with additional DC or RF biasing of 

the pedestal electrode 18 to additionally accelerate the [positively] ionized particles extracted 

across the plasma sheath towards the wafer 16, thereby controlling the directionality of sputter 

deposition." (emphasis added)). 

Therefore, neither Smolanoff nor Fu teach "applying pulsed DC power to the target such 

that a target voltage oscillates between positive and negative voltages" as is recited in claims 21 

and 51 or "applying a pulsed DC power to a target such that a target voltage oscillates between 

positive and negative voltages" as is recited in claim 43. In fact, both Smolanoff and Fu teach 

away from a positive voltage on the target. 

-11-
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2. Neither Smolanoff nor Fu teach "band rejection filtering the pulsed DC power" 

The Examiner identifies filter 22 shown in Figure 1 of Smolanoff as teaching the band 

rejection filter recited in independent claims 21, 43, and 51. Further, the Examiner comments 

that "using an specific type of filter is a matter of design choice depending on the quality of 

product needed, and it is obvious that the filter is going to work at certain frequencies." (Office 

Action, page 2) The Examiner further comments that "the limitation 'the filter is a band 

rejection filter at a frequency of the bias power' is a structural limitation in a method claim, so no 

matter what filter is used, as long as the same result is achieved, as explained above." (Office 

Action, page 2). 

Claims 21, 43, and 51 have been amended such that the filtering is now a method step. 

Claims 21 and 43 now recite "band rejection filtering the DC power at a frequency of the bias 

power before applying the DC power to the target." Claim 51 now recites "narrow band 

rejection filtering the pulsed DC power at a frequency of the bias power before applying pulsed 

DC power to the target." Therefore, this limitation is now a method limitation and not a 

structural limitation. 

Further, Smolanoff only refers to filter 22 once, and then only to identify it as "an RF 

filter 22." (Smolanoff, col. 5, line 58). Smolanoff does not teach that filter 22 performs the step 

"band rejection filtering the DC power at a frequency of the bias power" or "narrow band 

rejection filtering the pulsed DC power at a frequency of the bias power" as is recited in 

independent claims 21, 43, and 51. 

Additionally, in order for the pulsed DC power applied to the target to be useful, the 

pulsed DC power must include substantially all of its Fourier constituents, and therefore only a 

band rejection filter that filters out a specific narrow band of filters can be utilized. Further, in 

-12-
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order that the pulsed DC power be protected from the RF bias power supply, the band rejection 

filter must be set to filter out the frequency of the RF bias power supply. A low pass filter, 

which is commonly utilized in systems such as Smolanoff, would destroy all of the low 

frequency components of the pulses. With a band rejection filter, all of the pulsed DC power 

except that within the rejecte~ band passes to the target. Therefore, far from not mattering which 

filter is used, as the Examiner opines, it is extremely important that the filter be a band rejection 

filter that filters out the frequency of the RF bias power, as is recited in claims 21, 43, and 51. 

For at least this reason, claims 21, 43, and 51 are allowable over the combination of Smolanoff 

and Fu. 

3. Neither Smolanoff nor Fu teach deposition of an oxide film 

Each of claims 21, 43, and 51 recite deposition of an "oxide film." Both Smolanoff and 

Fu are directed towards deposition of metallic films. Smolanoff teaches away from deposition of 

insulating materials, as deposition of insulating materials would cause Smolanoff s reactor to 

become non-functional for its intended purpose. 

As stated in Smolanoff, "[t]hose positive ions of sputtered material that are positively 

charged are capable of being electrically accelerated toward the substrate, for example, by 

application of a negative bias to the substrate." (Smolanoff, col. 2, lines 3-6). Smolanoff also 

explains this feature at col. 6, lines 51-63. Similarly, Fu teaches this same operable process in 

col. 2, lines 37-48. As Fu states, the substrate bias "attracts ionized sputter particles from the 

plasma." As is well known to those skilled in the art, when oxygen is introduced to the plasma, 

which is necessary to forming an oxide film, the oxygen reacts with the positive ions to form 

neutral particles of oxide, which are not attracted to the substrate by the RF bias on the substrate. 

-13-
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Both Smolanoff and Fu teach processes for ionized metal deposition or ionized metal 

plating (see Fu, col. 2, lines 47-48) and do not teach formation of oxide films on the substrate. 

Therefore, claims 21, 43, and 51 are allowable over the combination of Smolanoff and Fu for at 

least this reason. 

4. Conclusion 

For at least the reasons stated above, claims 21, 43, and 51 are allowable over the 

combination of Smolanoff and Fu. Claims 10-13 and 40-42 depend from claim 21 and are 

allowable over the combination of Smolanoff and Fu for at least the same reasons as is claim 21. 

Claims 44-45 depend from claim 43 and are allowable over the combination of Smolanoff and 

Fu for at least the same reasons as is claim 43. Claims 52-60 depend from claim 51 and are 

allowable for at least the same reasons as is claim 51. 

Claims 2-4, 6, and 22-24 

Claims 2-4, 6, and 22-24 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Smolanoff in view of Fu, as applied to claims 8, 10-13, and 21. As discussed above, claim 21 is 

allowable over the combination of Smolanoff and Fu. Claims 2-4, 6, and 22-24 depend from 

claim 21 and are allowable over the combination of Smolanoff and Fu for at least the same 

reasons as is claim 21. 

Claims 7 and 9 

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over Smolanoff 

and Fu, as applied to claims 8, 10-13, and 21, and in view of U.S. Patent Publication No. 
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2003/0077914 to Le et al. ("Le"). Claim 21 is allowable over the combination of Smolanoff and 

Fu. 

Le teaches deposition of oxides using pulsed DC processes without substrate bias. Le 

does not teach at least "band rejection filtering the DC power at a frequency of the bias power" 

or "narrow band rejection filtering the pulsed DC power at a frequency of the bias power" as is 

recited in independent claims 21, 43, and 51. Additionally, Le does not teach the combination of 

pulsed DC power and a RF bias to the substrate. 

Further, one skilled in the art would not find a reason to combine Le with Smolanoff or 

Fu. Le is directed to deposition of oxide materials. Both Smolanoff and Fu are directed to 

deposition of ionized metal ions. One skilled in the art would realize that the introduction of 

oxygen, a reactive gas, to the processes disclosed in Smolanoff and Fu would render those 

processes non-functional for their intended purpose. 

Therefore, claims 7 and 9 are allowable over the combination of Smolanoff, Fu, and Le. 

Conclusion 

This Amendment is being filed with a Request for Continued Examination. In view of 

the foregoing remarks, Applicant submits that this claimed invention, as amended, is neither 

anticipated nor rendered obvious in view of the prior art references cited against this application. 

Applicant therefore requests the entry of this Amendment, the Examiner's reconsideration and 

reexamination of the application, and the timely allowance of the pending claims. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to Deposit Account 06-0916. 
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Deposition of Perovskite and Other Compound Ceramic Films for 
Dielectric Applications 

FIELD OF THE INVENTION 

[001) The present invention is related to production and application of dielectric 

thin-films and, in particular, the deposition ofperovskites such as Barium Strontium Titanate 

(BST) films and other ceramic oxides for dielectric applications. 

DISCUSSION OF RELATED ART 

[002] Perovskite films, for example Barium Strontium Titanate (BST) films, are one 

of the attractive materials to use in capacitors for high density device applications because of 

its relatively high dielectric constant, low leakage current density, high dielectric breakdown . 

strength, and ferroelectric perovskite phase that does not exhibit fatigue. However, electric 

properties of the perovskite films are greatly dependent on the deposition process, the 

substrate, the p-ost:processirig, and the related film Structure .. For. all ofthe po.tential, ~ fil~ 

perovskites have rarely been utilized in manufacture primarily because of difficulties in 

controlling physical and chemical properties of the crystalline and amorphous phases of 

perovskite thin-film materials and their interactions with metallic and conductive eleetrodes. 

[003] Solid-state thin-film devices are typically formed by stacking thin films of 

metal and dielectric on a substrate. The thin films typically include two metallic electrodes 

with a dielectric layer in between. The thin films can be deposited utilizing a number of 

deposition processes, including sputtering, electroplating, chemical vapor deposition, sol gel, 

or oxidation. Substrates sµitable for these applications have conventionally been high 

temperature materials capable .of withstanding at least one bigb temperature anneal process to 

at least 650-750 °C so as to crystallize the perovskite dielectric film in order to increase its 
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dielectric constant. Such a substrate can be any suitable material with appropriate structural 

and material properties, for example a semiconductor wafer, refractory metallic sheet (e.g., 

titanium, zirconium, or stainless steel), ceramic such as alumina, or other material capable of 

withstanding subsequent high temperature processing. 

[004] However, conventional materials and production processes can limit the types 

of materials that can be used in device manufacture. Typically, the dielectric material is 

deposited in amorphous form and then the material is heated in an anneal process to form the 

crystalline material. Conventional formation of perovskite layers, for example, require an 

anneal at or above 650°C to transform the deposited amorphous film to a crystalline form. 

Such a high temperature anneal, however, severely limits the materials that can be utilized as 

the substrate, and often requires the use of expensive noble metals such as platin~ to protect 

the substrate from reaction with the electrode material. Such high heat-treat temperatures are 

incompatible with standard semiconductor or MEM device processing, and limit the choice 

of substrate materials on which the layers can be formed, increasing the cost, and decreasing 

the yield of such devices formed with the layers. 

[005] Therefore, there is a need for a low temperature process for depositing 

crystalline material, for example perovskite material and other ceramic oxides, onto a 

substrate. 

SUMMARY 

[006] In accordance with the present invention, deposition of layers in a pulsed-DC 

physical vapor deposition process from a conductive ceramic target is presented. In some 

embodiments, the deposition can provide a low-temperature, high deposition-rate deposition 

of a dense amorphous layer of BST from a conductive BST target, which can be -annealed at 

much lower temperature to yield crystalline BST. Some embodiments of the deposition 

address. the need for low temperature, high rate deposition of perovskite films, for example 

2 
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BST films, which can be utilized as the dielectric layer in high specific capacitance devices 

as, for example, de-coupling capacitors, energy storage devices, voltage tunable capacitors, or 

other micro-electronic devices. 

[007] A method of depositing a perovskite or ceramic oxide layer according to some 

embodiments of the present invention includes placing a substrate in a reactor; flowing a 

gaseous mixture, for example argon and oxygen, through the reactor; and applying pulsed

DC power to a targetfonned of conductive perovskite or ceramic oxide material, such as 

BST, positioned 9pposite the substrate. 

[008] In;some embodiments the perovskite layer can be formed utilizing radio 

frequency (RF) sputtering. The perovskite is deposited by RF sputtering of a wide area target 

in the presence of a sputtering gas under a condition of uniform target erosion. The substrate 

is positioned opposite a planar target formed of perovskite, for example BST, the area of the 

target being larger than the area of the substrate. A central area of the target of the same size 

as the substrate and overlying the substrate is exposed to a uniform plasma condition, which 

pr~vides a 09nditl9:n of uniform target erosion. A uniform plasma condition can be created · -

without magnetic enhancement, tenned diode sputtering, or by providing a time-averaged 

uniform magnetic field by scanning a magnet across the target in a plane parallel to the plane 

of the target. 

[009] A film produced utilizing a pulsed de, bias PVD process with a conductive 

ceramic target can be deposited at much higher rates than an insulating ceramic process, 

which requires an RF sputtering process. Further, d~osition occurs with much less oxygen 

present in the gas flow to provide a fully oxidized film as opposed to a metallic target. The 

resulting film is much higher density than the low rate films. The films can be 

stoichiometric, uniform, highly dense, with low sintering temperatures and resulting high 

dielectric properties. 

3 
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[01 OJ In some embodiments, the substrate is preheated. The substrate can be heated 

to a temperature of about 400°C or below during deposition for low temperature perovskite 

deposition, or to higher temperatures for perovskite deposition on substrates capable of 

withstanding such temperature regime. Substrates suitable for low temperature perovskite 

deposition include glass, plastic, metal foil, stainless steel, and copper. A perovskite layer of 

thickness up to several microns thick can be deposited, although layers of any thickness can 

be formed. 

[011] In some embodiments the perovskite layer fonned on the substrate is later 

annealed. The anneal temperature can be as low as 400°C for low temperature anneal, and 

higher for perovskite deposition.on substrates capable of withstanding such higher 

temperature regime. In some embodiments the perovskite target can be doped with transition 

metal dopants, for example manganese, transition elements, lanthanides (including the rare 

earth ions) and/or amphoteric elements. 

[012] In some embodiments, a stacked capacitor structure can be fonned. The 

stacked capacitor structure includes one or more capacitor stacks deposited on a thin 

substrate, wherein each capacitor stack includes: a bottom electrode layer, a perovskite, for 

example BST, dielectric layer deposited over the bottom electrode layer; and a top electrode 

layer deposited over the dielectric layer. A top conducting layer can be deposited over the 

capacitor stacks. 

[013] In some embodiments, a capacitor structure can be formed in a cluster tool. · 

An exemplary method of producing a capacitor in a cluster tool includes loading a substrate 

into the cluster tool; depositing an electrode layer over the substrate in a first chamber of the 

cluster tool; depositing a perovskite dielectric layer over the electrode layer in a second 

chamber of the cluster tool; depositing a second electrode layer over the dielectric layer in a 

4 
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third chamber. In some embodiments the first and the second electrode layers can be 

deposited in the same chamber. 

(014] A fixhlre for holding a thin substrate can include a top portion; and a bottom 

portion, wherein the thin substrate is held when the top portion is attached to the bottom 

portion. 

[015] In some embodiments, the ceramic layer can be deposited on a substrate 

coated with iridium or other refractory conductive material to provide a low temperahlre 

anneal processed capacitive structure . 

. [016] These and other embodiments of the invention are further discussed below 

with reference to the following figures. It is to be understood that both the foregoing general 

description and the following detailed description are exemplary and explanatory only and 

are not restrictive of the invention, as claimed. Further, specific explanations or theories 

regarding the deposition or performance of materials according to the present invention are 

presented for explanation only and are not to be considered limiting with respect to the scope 

of.the present disclosure or the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[017] Figures 1 A and lB illustrate a pulsed-DC biased reactive deposition apparatus 

that can be utilized in the methods of depositing according to the present invention. 

[018] Figure lC illustrates an RF sputtering deposition apparatus. 

[019] Figure 2 shows an example of a target that can be utilized in the reactor 

illustrated in Figures lA, lB, and IC. 

[020] · Figures 3A and 3B illustrate a thin-film capacitor design according to some 

embodiments of the present ·invention. 

5 
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[021] Figures 4A, 4B, 4C, and 4D illustrate a thin substrate mount and mask 

arrangement that can be utilized in the deposition of dielectric perovskite layers, for example 

BST films, deposited according to some embodiments of the present invention. 

[022] Figure 5 illustrates a cluster tool that can be utilized to form batteries with 

dielectric perovskite layers deposited according to some embodiments of the present 

invention. 

[023] Figure 6 illustrates an example of stacked capacitor structure with dielectric 

perovskite layers deposited according to some embodimen~ of the present invention. 

[024] In the figures, elements having the same designation have the same or similar 

functions. 

DETAILED DESCRIPTION 

[025] In accordance with embodiments of the present invention, dielectric perovskite 

films or other ceramic oxide films are deposited on a substrate by a pulsed-DC physical vapor 

deposition (PVD) process utilizing a conductive ceramic target. In some embodiments, the 

- film can be deposited by RF sputtering. 

[026] In some embodiments, a dielectric perovskite layer, for example BST material, 

is deposited directly on the substrate with only low temperature anneal, eliminating the need 

of a subsequent high temperature anneal to crystallize the film. Removing the high 

temperature anneal allows for formation of capacitor structures on light-weight, low 

temperature, and low cost substrates such as copper foil and plastic sheet, reducing both the 

weight and the cost of capacitors while maintaining the high dielectric constant of the 

perovskite, for example BST, high-density dielectric film. 

[027] Deposition of materials by pulsed-DC, RF biased reactive ion deposition-is 

d_escribed in U.S. Patent Application Serial No. 10/101,863, entitled "Biased Pulse DC 

Reactive Sputtering of Oxide Films," to Hongmei Zhang, et al., filed on March 16, 2002. 
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Preparation of targets is described in U.S. Patent Application Serial No. 10/101,341, entitled 

''Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar Applications," to Vassiliki 

Milonopoulou, et al., filed on March 16, 2002. U.S. Patent Application Serial No. 

10/101,863 and U.S. Patent Application Serial No. 101101,341 are each assigned to the same 

assignee as is the present disclosure and each is incorporated herein in their entire~: 

Deposition of oxide materials by RF sputtering has also been described in U.S. Patent No. 

6,506,289, which is also herein incorporated by reference in its entirety. Transparent oxide 

films can be deposited utilizing pro.cesses similar to those specifically described in U.S. 

Patent No. 6,506,289 and U.S. Application Serial No. 10/101,863. 

[028] Figure IA shows a schematic of a reactor apparatus 10 for sputtering material 

from a target 12 according to the present invention. In some embodiments, apparatus 10 

may, for example, be adapted from an AK.T-1600 PVD (400 X 500 mm substrate size) 

system from Applied Komatsu or an AK.T-4300 (600 X 720 mm substrate size) system from 

Applied Komatsu, Santa Clara, CA. The AKT-1600 reactor, for example, has three 

deposition cham?ers. connected by a vacuum transport chamber. -These 1\KT reactors-can· be 

modified such that pulsed DC power is supplied to the target and RF power is supplied to the 

substrate during deposition of a material film. 

[029] Apparatus 10 includes target 12, which is electrically coupled through a filter 

15 to a pulsed DC power supply 14. In some embodiments, target 12 is a wide area sputter 

source target, which provides material to be deposited on a substrate 16. Substrate 16 is 

positioned parallel to and opposite target 12. Target 12 functions as a cathode when power is 

applied to it from the pulsed DC power supply 14 and is equivalently termed a cathode. 

Application of power to target 12 creates a plasma 53. Substrate 16 is capacitively coupled to 

an electrode 17 through an insulator 54. Electrode 17 can be coupled to an RF power supply 

18. A magnet 20 is scanned across the top of target 12. 
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[030] For pulsed reactive DC magnetron sputtering, as performed by apparatus 10, 

the polarity of the power supplied to target 12 by power supply 14 oscillates between 

negative and positive potentials. During the positive period, the insulating layer on the 

surface of target 12 is discharged. To obtain arc free deposition, the pulsing frequency 

exceeds a critical frequency that can depend on target material, cathode current and reverse 

- . 
time. High quality films can be made using reactive pulse DC magnetron sputtering as 

shown in apparatus 10. · 

[031] Pulsed DC power supply 1 ~ can be any pulsed DC power supply, for example 

an AB Pinnacle plus 1 OK by Advanced Energy, Inc. Wi.th this DC power supply, up to 10 

kW of pulsed DC power can be supplied at a frequency of between 0 and 350 kHz. The 

reverse voltage can be 10% of the negative target vol~ge. Utilization of other power supplies 

can lead to different power characteristics, frequency characteristics and reverse voltage 

percentages. The reverse time on this embodiment of power supply 14 can be adjusted 

between 0 and 5 µs. 

[032~ Filter 15 prevents the~ pias power from power supply 18 from couplin~ into 

pulsed DC power supply 14. In some embodiments, power supply 18 can be a 2 MHz RF 

power supply, for example a Nova-25 power supply made by ENI, Colorado Springs, Co. 

[033] In some embodiments, filter 15 can be a 2 MHz sinusoidal band rejection 

filter. In some embodiments, the band width of the filter can be approximately 100 kHz. 

Filter 15, therefore, prevents the 2 MHz power from the bias to substrate 16 from damaging 

power supply 14 while allowing the full bandwidth of the pulsed DC power supply to pass 

filter 15. 

[034] Pulsed DC deposited films are not fully dense and may have columnar 

structures. Columnar structures can be detrimental to thin film applications such as barrier 

films and dielectric films, where high density is important, due to the boundaries between the 
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columns. The columns act to lower the dielectric strength of the material, but may provide 

diffusion paths for transport or diffusion of electrical current, ionic current, gas, or other 

chemical agents such as water. 

[035] In the AK.T-1600 based system, for example, target 12 can have an active size 

of about 675. 70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have 

dimension about 400 X 500 mm. The temperature of substrate 16 can be adjusted to between 

-50 °C and 500 °C. The distance between target 12 and substrate 16 can be between about 3 

and about 9 cm. Process gas can be inserted into the chamber of apparatus I 0 at a rate up to 

about 200 seem while the pressure in the chamber of apparatus 10 can be held at between 

about . 7 and 6 milliTorr. Magnet 20 provides a magnetic field of strength between about 400 

and about 600 Gauss directed in the plane of target 12 and is moved across target 12 at a rate 

ofless than about 20-30 sec/scan. In some embodiments utilizing the AKT 1600 reactor, 

magnet 20 can be a race-track shaped magnet with dimensions about 150 mm by 600 mm. 

[036] In some embodiments of the present invention a perovskite layer is deposited 

by RF sputtei;ing with a wide area target .. and a.condition of uniform target erosion. An· 

example apparatus 30 for RF sputtering is illustrated schematically in FIG. l C. Apparatus 30 

includes an RF power supply 60 coupled to wide area sputter source target 12 which provides 

material to be deposited on substrate 16. Substrate 16 is positioned parallel to and opposite 

target 12. Target 12 functions as a cathode when RF power is applied to it and is 

equivalently termed the cathode. In the present disclosure, target 12 can be formed from a 

perovskite material, for example BST, for deposition of dielectric perovskite film. Substrate 

16 is a solid, smooth. surface. Substrate 16 typically is supported on a holder or carrier sheet 

17 th.at may be larger than substrate 16. 

[037] In some embodiments, a feature of the RF sputtering method is that the area 

of wide area target 12 is greater than the area on the carrier sheet on which physically and 
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chemically uniform deposition is accomplished. Secondly, a central region on target 12, 

overlying the substrate 16, can be provided with a very unifonn condition of sputter erosion 

of the target material. Unifonn target erosion is a consequence of a unifonn plasma 

condition. In the following discussion, all mention of uniform condition of target erosion is 

taken to be equivalent to uniform plasma condition. Uniform target erosion is evidenced by 

the persistence of film uniformity throughoufan extended target life. A uniform deposited 

film is defined as a film having a nonuniformity in thickness, when measured at 

representative points on the entire surface of a substrate wafer, ofless than about 5%. 

Thickness nonuniformity is defined, by convention, as the difference between the minimum 

and maximum thickness divided by twice the average thickness. If films deposited from a 

target from which more than about 20% of the weight of the target has been removed under 

constant process conditions continue to exhibit thickness uniformity, then the sputtering 

process is judged to be in a condition of uniform target erosion for an films deposited during 

the target life. 

[038] Thus, a uniform plasma condition can be created in the region between the -

target and the substrate overlying the substrate. The region of uniform plasma condition is 

indicated in the exploded view of FIG. IB. A plasma is created in the region denoted 51, 

which extends under the entire target 12. The central region of the target 52 experiences the 

condition of uniform sputter erosion. As discussed further below, a layer deposited on a 

substrate placed anywhere below ·central region 52 will have uniform film thickness. 

[039] In addition, the region in which deposition provides uniform film thickness is 

larger than the area in which deposition provides a film with uniform physical or optical 

properties such as chemical composition or index of refraction. In the present invention the 

target can be.planar or app;~ximately planar for the formation of a film on a planar substrate 

which is to be coated with the material of the target. In practice, planarity of the target means 

10 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1403 of 1543



WO 2007/027535 PCT/US2006/033315 

that all portions of the target surface in region 52 are within a few millimeters of an ideal 

planar surface, typically within 0.5 mm. 

[040] Figure 2 illustrates an example of target 12. A film deposited on a substrate 

positioned on carrier sheet 17 directly opposed to region 52 of target 12 has good thickness 

uniformity. Region 52 is the region shown in Figure lB that is exposed to a uniform plasma 

condition. In some implementations, carrier 17 can be c:oextensive with region 52. Region 

24 shown in Figure 2 indicates the area below which both physically and chemically uniform 

deposition can be achieved, for example where physical and chemical uniformity provide 

refractive index uniformity. Figure 2 indicates region 52 of target 12 that provides thickness 

uniformity, which is, in general, larger than region 24 of target 12 providing thickness and 

chemical uniformity to the deposited film. In optimized processes, however, regions 52 and 

24 may be coextensive. 

[041] In some embodiments, magnet 20 extends beyond area 52 in one direction, for 

example the Y direction in Figure 2, so that scanning is necessary in only one direction, for 

example the X direction, to provide a time averaged ~form magnetic field. As shown in -

Figures IA and lB, magnet 20 can be scanned over the entire extent of target 12, which is 

larger than region 52 of uniform sputter erosion. Magnet 20 is moved in a plane parallel to 

the plane of target 12. 

[042] The combination of a uniform target 12 with a target area 52 larger than the 

area of substrate 16 can provide films of highly uniform thickness. Further, the material 

properties of the film deposited can be highly uniform. The conditions of sputtering at the 

target surface, such as the uniformity of erosion, the average temperature of the plasma at the 

target surface and the equilibration of the target surface with the gas phase ambient of the 

process are uniform over a region which is greater than or equal to the region to be coated 

with a uniform film thickness. In addition, the region of uniform film thickness is greater 
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than or equal to the region of the film which is to have highly uniform optical properties such 

as index of refraction, density, transmission, or absorption. 

[043) In the present disclosure, target 12 can be formed from perovskite material, 

such as BST, for deposition of dielectric perovskite film. In some embodiments of the 

present invention the perovskite target is doped with transition metal dopants, for example 

Manganese; transition elements, lanthanides (including the rare earth ions) and/or amphotaric 

elements. In some embodiments of the present invention the percentage of the dopant in the 

perovskite target is from 0.1 to several percent. 

[044] In some embodiments of the invention, material tiles are formed. These tiles 

can be mounted on a backing plate to form a target for apparatus 10. A wide area sputter 

cathode target can be formed from a close packed array of smaller tiles. Target 12, therefore, 

may include any number of tiles, for example between 2 and 20 individual tiles. Tiles can be 

finished to a size so as to provide a margin _of non-contact, tile to tile, less than about 0.01 O" 

to about 0.020" or less than, half a millimeter so as to eliminate plasma processes that may 

o~~betw~n adjac€?nt ones of tiles 30. The distance between tiles of target 12 and the dark 

space anode or ground shield 19 in Figure lB cari be somewhat larger so as to provide non 

contact assembly or to provide for thennal expansion tolerance during process chamber 

conditioning or operation. 

[045] As shown in Figure lB, a uniform plasma condition can be created in the 

region between target 12 and substrate 16 in a region overlying substrate 16. A plasma 53 

can be created in region 51, which extends under the entire target 12. A central region 52 of 

target 12 can experience a condition of uniform sputter erosion. As discussed further below, 

a layer deposited on a substrate placed anywhere below central region 52 can then be uniform 

in thickness and other properties (i.e., dielectric, optical index, or material concentrations). In 

addition, in region 52 the deposition provides uniformity of deposited film that can be larger 
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than the area in which the deposition provides a film with uniform physical or optical 

properties such as chemical composition or index of refraction. In some embodiments, target 

12 is substantially planar in order to provide uniformity in the film deposited on substrate 16. 

In practice, planarity of target 12 can mean that all portions of the target surface in region 52 

are within a few millimeters of a planar surface, and can be typically within 0.5 mm of a 

planar surface. 

[046] Reactive gases that provide a constant supply of oxygen to keep the target 

surface oxidized can be provided to expaifd the process window. Some examp~es of the gases 

that can be utilized for controlling surface oxidation are 02, water vapor, hydrogen, N20, 

fluorine, helium, and cesium. Additionally, a feedback control system can be incorporated to 

control the oxygen partial pressure in the reactive chamber. Therefore, a wide range of 

oxygen flow rates can be controlled to keep a steady oxygen partial pressure in the resulting 

plasma. Other types of control systems such as target voltage control and optical plasma 

emission control systems can also be utilized to control the surface oxidation of the target. In 

some_embodiments, power to target 12 can be.controlled in a feedback loop at supply 14. 

Further, oxygen partial pressure controller 20 can control either oxygen o'r argon partial 

pressures in pl~ma 53. In some embodiments of the present invention, oxygen flow or 

partial pressure can be utilized to maintain a constant voltage of discharge from target 12. 

[047] Figures 3A and 3B show a capacitor structure with a dielectric perovskite 

layer deposited according to some embodiments of the present invention. As shown in 

Figure 3A, a dielectric perovskite layer 302 is deposited on a substrate 301. fu some 

embodiments, the dielectric layer 302 can be patterned in various ways before deposition of a 

substrate 301. fu some embodiments, a first electrode layer 303 can be deposited on the 

substrate and the dielectric layer 302 is deposited over the first electrode layer. The second 

electrode layer 304 is then deposited over the dielectric layer 302. In some embodiments of 
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the invention, the dielectric perovskite layer 302 is crystalline and has sufficiently high 

dielectric constant without the necessity of a high temperature anneal. Therefore, substrate 

301 ·can he a silicon wafer, titanium metal, alumina, or other conventional high temperature 

substrate, but may also be a low temperature material such as plastic, glass, or other material 

that may be susceptible to damage from the high temperature anneal. This feature can have 

the great advantage of decreasing the expense and weight of capacitor structures. formed by 

the present invention. The low temperature deposition of perovskite material allows for 

successive· depositions of perovskite and electrode layers, one upon another. Such a process 

would have the advantage that successive layers of capacitor structure would be obtained in a 

stacked condition without the inclusion of a substrate layer. The stacked layered capaqitor 

would provide higher capacitance and higher energy storage than single layer devices with a 

smaller surface area. Additionally, a capacitor with a lower inductance can be obtained. 

[048] In accordance with the present invention, perovskite films can be deposited on 

substrate 302 with a pulsed-DC biased PVD system as was described above. In particular, an 

AKT 1600 PVD system can be modified to provide an RF bias an4 an Adyanced.Energy 

Pinnacle plus 1 OK pulsed DC power supply can be utilized to provide power to a target. The 

pulsing frequency of the power supply can vary from about 0 to about 350 KHz. The power 

output of the power supply is between 0 and about 10 kW. 

[049] A target of Barium Strontium Titanate with resistivity in the range ofless than 

about megaohms can be utilized with high rate pulsed-de sputtering. As discussed above, the 

target can be mounted on a monolithic backing plate as described in U.S. Provisional 

Application {Attorney Docket No. 09140.60131, filed on August 26, 2005, which is also 

herein incorporated by reference in its entirety. 

[050] In general, target 12 can be a dielectric material having a resistivity ofless 

than about a megaohm, and therefore can be described as a conducting ceramic target. Target 
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12, which is formed of a dielectric perovskite material that may not be inherently conducting, 

is made conducting by formulation so as to contain an excess of metallic composition or by 

addition of a dopant that provides ·sufficient conductivity. Examples of suitable dopants 

include boron, antimony, arsenic, phosphorous, or other dopants. In the example of a BST 

target, the sintering process can be conducted in the presence of a reducing ambient to 

achieve a sufficiently conductive target material. Utilization of a conducting ceramic target · 

material can be sputtered at high rates utilizing reactive pulsed-DC techniques so as to form 

dense stoichiometric dielectric films. 

[051] Gas flows containing Oxygen and Argon can be utilized. In some 

embodiments, the Oxygen to Argon ratio ranges from 0 to about 50% with a total gas flow of 

between about 60 to about 80 seem. The pulsing frequency ranges from about 200 kHz to 

about 350 kHz during deposition. RF bias can also be applied to the substrate. In many 

trials, the deposition rates varied from about 2 Angstrom/(kW sec) to about 1 Angstrom/(kW 

sec) depending on the Oz/ Ar ratio as well as substrate bias. 

[052] Figure 3A illustrates a tayer Qf perovskite material 302 deposited on a thin· 

substrate 301 according to some embodiments of the present invention. Substrate 301 can be 

formed of a thin metallic sheet (e.g., copper, titanium, stainless steel, or other suitable thin 

metallic sheet), can be formed of a high temperature plastic material, or may be formed of a 

ceramic, glass, or polymer material. 

[053] Depositing materials on a thin substrate involves holding and positioning the 

substrate during deposition. Figures 4A, 4B, 4C, and 4D illustrate a reusable fixture 400 for 

holding a thin film substrate. As shown in Figure 4A, reusable fixture 400 includes a top 

portion 401 and a bottom portion 402 that are fastened together to secure the substrate. Thin 

substrate 301 is positioned between top portion 401 and bottom portion 402. As shown in 

Figure 7B, top portion 701 and bottom portion 702 are such that substrate 301 is brought into 

15 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1408 of 1543



WO 2007/027535 PCT/US2006/033315 

a planar condition and subsequently clamped as top portion 401 is closed into bottom portion 

402. Substrate 301 can be easily held by fixture 400 so that substrate 301 can be handled and 

positioned. In some embodiments, the comers of substrate 301, areas 403, are removed so 

that substrate 301 is more easily stretched by avoiding "wrap-around" comer clamping 

effects when top portion 401 is closed into bottom portion 402. 

[054] A$ shown in Figure 4C, a mask 412 can be attached to fixture 400. In some 

embodiments, fixture 400 includes guides in order to aligri fixture 400 with respect to mask 

412. In some embodiments, mask 412 may be attached to fixture 400 and trayel with fixture 

400. Mask 412 can be positioned at any desired height above substrate 301 in fixture 400. 

Therefore, mask 412 can function as either a contact or proximity mask. In some 

embodiments, mask 412 is formed of another thin substrate mounted in a fixture similar to 

fixture 400. 

[055] As shown in Figure 4C and 4D, fixture 400 and mask 412 can be positioned 

relative to mowit 410. Mount 410, for example, can be a susceptor, mount, or an electrostatic 

chuck of a processing chamber. such as that sho~n in Figures 1 ~ and 1 R Fixture 400 and . 

· mask 412 can have features that allow for ready alignment with respect to each other and 

with respect to mount 410. In some embodiments, mask 412 is resident in the processing 

chamber and aligned with fixture 400 during positioning of fixture 400 on mount 410, as 

shown in Figure 4D. 

[056] Utilizing fixture 400 as shown in Figures 4A, 4B, 4C, and 4D allows 

processing of a thin film substrate in a processing chamber. In some embodiments, thin film 

substrates can be about 1 µm or more. Further, thin film substrate 301, once mounted within 

fixture 400, can be handled and moved from process.chamber to process chamber. 

Therefore, a multiprocessor chamber system can be utilized to form stacks of layers, 
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including one or more layers of perovskite film deposited according to embodiments of the 

present invention. 

[057] Figure 5 illustrates a cluster tool 500 for processing thin film substrates. 

Cluster tool 500 can, for example, include load lock 502 and load lock 503, through which 

mounted thin film substrate 301 is loaded and a resultant device is removed from cluster tool 

500. Chambers 504, 505, 506, 507, and 508 are processing chambers for depositions of 

materials, heat treatments, etching, or other processes. One or more of chambers 504, 505, 

506, 507, and 508 can be a pulsed-DC or RF PVD chamber such as discussed above with 

respect to Figures lA, lB, and 1 G and within which a dielectric perovskite film may be 

deposited according to embodiments of the present invention. 

[058] Processing chambers 504, 505, 506, 507, and 508 as well as load locks 502 

and 503 are coupled by transfer chamber 501. Transfer chamber 501 includes substrate 

transfer robotics to shuttle individual wafers between processing chainbers 504, 505, 506, 

507, and 508 and load locks 502 and 503. 

[059] In production of a. thin-film capacitor, substrates are loaded into load lock 503. 

An electrode layer can be deposited in chamber 504, followed by a perovskite deposition 

performed in chamber 505. The substrate can then be removed through load lock 503 for an 

in-air heat treatment external to cluster tool 500. The treated wafer can then be reloaded into 

cluster tool 500 through load lock 502. The wafer can then again be removed from cluster 

tool 500 for deposition of a second electrode layer, or sometimes chamber 506 can be adapted 

to deposition of the second electrode layer. The process can be repeated to form a capacitor 

stack. The finished capacitor structure is then off-loaded from cluster tool 500 in load lock 

502. Wafers are shuttled from chamber to chamber by robotics in transfer chamber 50 I. 

[060] A capacitor structure produced according to the present invention could utilize 

thin film substrates loaded in a fixture such as fixture 400. Fixture 400 is then loaded into 
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load lock 503. Chamber 504 may still include deposition of the electrode layer. Chamber 

505 then includes deposition of a perovskite layer according to embodiments of the present 

invention. A second electrode layer can then be deposited in chamber 506. In this process, 

only low temperature anneal is utilized to increase crystallinity and the dielectric eonstant of 

the perovskite layer. 

[061] Another advantage of a thin film capacitor process is the ability to stack 

capacitor structures. In other words, substrates loaded into cluster tool 500 may traverse 

process chambers 504, 505, 506, 507, and 508 multiple times in order to produce multiply 

stacked capacitor structures. Figures 6A and 6B illustrate such structures. 

[062] Figure 6A illustrates a·parallel coupled stacking. As shown in Figure 6A, a 

substrate 30 I, which for example can be a high temperature plastic substrate, such as 

polyimide, is loaded into load lock 503. Electrode layer 303, for example, can be deposited 

in chamber 504. A dielectric perovsk:ite layer 302 is then deposited on electrode layer 303. 

Perovskite layer 302 can be about O. l to 1 µm and can be deposited in chamber 505 

according to .embod~ellts of the pr~ent inveµtion .. The wafer .can then be moved to 

chamber 506 where the next electrode layer 304 of thickness of about 0.1 µm or more is 

deposited. A second capacitor stack can then be deposited over the first capacitor stack 

formed by first electrode layer 303, perovskite layer 302, and second electrode layer 304. 

This capacitor stack includes second perovskite layer 305 and third electrode layer 306. In 

some embodiments, further stacks can be formed. In some embodiments, metal layers 303, 

304, and 306 differ in the mask utilized in deposition so that tabs are formed for electrical 

coupling of layers. 

[063 J As discussed above, any number of individual capacitor stacks can be. formed 

· siich that parallel capacitor formations are formed. Such a parallel arrangement of capacitor 
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stacking structure can be formed of alternating layers of electrode and perovskite dielectric 

layers and can have any number of dielectric layers. 

[064] To form the structures shown in Figure 6, substrates are rotated again through 

the chambers of cluster tool 500 in order to deposit the multiple sets of capacitors. In 

general, a stack of any number of capacitors can be deposited in this fashion. 

[065] Tables I and II illustrate some examples depositions of perovskite material, for 

example BST, according to the pr~ent invention. In these examples, the BST film is 

deposited using an AKT-1600 PVD { 400 X 500 mm substrate size) system from Applied 

Komatsu. The power supply is an ENI 13.56 MHz RF power supply with a ENI matchbox. 

The target material is BST with resistivity in the range of kns or less. The target material 

can, for example, be sintered. Silicon wafers are used for initial experiments. 0.1-1 microns 

of BST films are deposited on Si wafers with various bottom electrode materials such as: n++ 

Si, Ir, Pt, Ir02 and also T407, ThOs, Nb, Os. The Oxygen to Argon ratio ranges from 0 to 

50%. Process pressure ranges from 3-10 mT. RF bias is applied to substrates for some of 

the examples. The dielectric constant of as deposited film nmge. from 13 to 123 and increases 

after post-deposition anneal to more than 1000. 

[066] One skilled in the art will recognize variations and modifications of the 

examples specifically discussed in this disclosure. These variations and modifications are 

intended to be within the scope and spirit of this disclosure. As such, the scope is limited 

only by the following claims. 
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WHAT IS CLAIMED IS: 

1. A method of depositing a perovsk.ite layer on a substrate, comprising: 

placing the substrate into a reactor; 

flowing a gaseous mixture through the reactor; and 

providing power to a target formed of a perovskite material positioned 

opposite the substrate. 

2. The method of claim 1, wherein providing power to the conducting target includes 

applying pulsed-DC power to the conducting target. 

3.· The method of claim 2 :further including filtering the pulsed-DC power to protect a 

pulsed DC power supply from a bias power while allowing passage of the 

pulsed DC power through the filter. 

4. : The method of claim 2, :further including supplying an RF bias power to the substrate. 

5. The method of claim 1, wherein providing power to the conducting target includes 

applying RF power to the conducting target . 

. - ... -
6.- The method of claim 1, wherein a perovsk.ite layer is formed on the substrate. 

7. The method of claim 6, wherein the perovsk.ite layer is a barium strontium titanite 

(BST) layer. 

8. The method of claim 6, wherein the formed perovskite layer is more than about 0.1 

micron thick. 

9. The method of claim 6 wherein the formed perovskite layer is less than about 1 

micron thick. 

10. The method of claim 6, :further comprising annealing the perovskite layer formed on 

the_ substnite. 

23 
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11. The method of claim 10 wherein annealing the perovskite layer includes heating the 

perovskite layer to an anneal temperature of between about 500°C and about 

800°C. 

12. The method of claim 1, further comprising preheating the substrate before applying 

power to the conducting target. 

13. The method of claim 12, wherein preheating the substrate including heating the 

substrate to a temperature of about 400 °C for low temperature perovskite 

deposition. 

14. The method of claim 1, wherein the substrate is a low temperature substrate. 

15. The method of claim 14, wherein the low temperature substrate is one of a set of 

substrates including glass, plastic, metal foil, copper, and stainless steel. 

16. . The method of claim 1 wherein the conducting target is doped with a transition metal 

dopant, transition element, lanthanide, and/or amphotaric elements. 

17. The method of claim 16 wherein the target is doped with Manganese. 

18. . _ The method of claim 17 wherein a level.of Manganese in the target is .at.l~t 0.1 % ... 

19. The method of claim 1, wherein the perovskite target is a conductive target. 

20. A capacitor structure, comprising: 

a first conducting electrode layer; 

a dielectric perovskite layer deposited over the first conducting electrode 

layer; and 

a second conducting electrode layer deposited over the dielectric perovskite 

layer. 

21. The capacitor of claim 20, wherein the first conducting layer is a copper sheet. 

22. A stacked capacitor structure, comprising: 

24 
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one or more capacitor stacks deposited on a substrate, wherein each capacitor 

stack comprises: 

a bottom electrode layer, 

a dielectric perovskite layer deposited over the electrode layer, and 

a top electrode layer deposited over the one or more capacitor stacks. 

23. The stacked capacitor structure of claim 22, wherein the capacitor stacks form a 

parallel stacked capacitor structure. 

24. ·The stacked capacitor structure of claim 22, wherein the capacitor stacks form a series 

stacked capacitor structure. 

25. A method of producing a capacitor, comprising: 

loading a substrate into a cluster tool; 

depositing a dielectric perovskite layer over a substrate in a chamber of the 

cluster tool. 

26. The method of claim 25, wherein depositing the dielectric perovskite layer includes 

d~o~iting perovskite film.with a pulsed-DC PVD process. · -· · 

27. The method of claim 25, wherein depositing the dielectric perovskite layer includes 

depositing perovskite film with an RF sputtering PVD process. 

28. The method of claim 25, wherein depositing the dielectric perovskite layer includes 

depositing the perovskite material through a mask. 

29. The method of claim 25, further including 

depositing a bottom electrode layer on the substrate wherein the dielectric 

perovskite layer is .deposited over the bottom electrode fayer. 

31. The method of claim 25, further including depositing a top electrode layer over the 

dielectric perovskite layer. 

32. A fixture for holding a thin substrate, comprising: 

25 
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a top portion; and 

a bottom portion, wherein 

the thin substrate is held when the top portion is attached to the bottom 

portion. 

26 
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7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1. 121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 · Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) ~ Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) IZJ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 1012107. 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 

6) 0 Other: _·_. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20071110 
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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid; the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 10/2/07 

has been entered. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 10-13, 21, 40-45 and 51-60 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. {6, 117,279) in view of Fu et al. (6,306,265), and 

further in view of Liu et al. (6,086, 730) . 

With respect to claims 21, 40, 43 and 51, Smolanoff et al. disclose providing 

pulsed DC power (21) through a filter (22) to a target (16) (Col. 5, lines 50-55); providing 

RF bias power to a substrate (15) positioned opposite the target {Col. 5, lines 60-65); 

providing process gas between the target and the substrate (Col. 7, lines 25-28); 
., 

wherein the filter protects a pulsed DC power supply {21) from the bias power, and 
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wherein a plasma is created by application of the pulsed DC power to the target (Col. 6, 

lines 8-13); and wherein the film is deposited by exposure of the substrate to the plasma 

(Col. 6, lines 30-33); using an specific type of filter is a matter of design choice 

depending on the quality of product needed, and it is obvious that the filter is going to 

work at certain frequencies. Furthermore, if it is a band rejection, band pass, low-pass, 

high-pass, or stop band filter, this is a matter of design choice depending on what it is 

intended or needed for the desired final product or device. It is obvious that the filter is 

going to work at certain frequencies. 

Smolanoff et al. do not clearly disclose wherein conditioning the target includes 

sputtering with the target in a metallic mode to remove the surface of the target and 

sputtering with the target in a poisonous mode to prepare the surface. 

Fu et al. disclose wherein conditioning the target includes sputtering with the 

target in a metallic mode to remove the surface of the target and sputtering with the 

target in a poisonous mode to prepare the surface (Col. 19, lines 35-40). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Fu et al. to enable the conditioning step of 

Smolanoff et al. to be performed according to the teachings of Fu et al. because one of 

ordinary skill in the art would have been motivated to look to alternative suitable 

methods of performing the disclosed conditioning step of Smolanoff et al. and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 
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The combination of Smolanoff et al. and Fu et al. does not clearly disclose 

applying pulsed DC power to the target such that a target voltage oscillates between 

positive and negative voltages. 

Liu et al. disclose applying pulsed DC power to the target such that a target 

voltage oscillates between positive and negative voltages (Col. 8, lines 1-5 and Figs. 

4B-4C). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Fu et al. and Liu et al. to enable the pulsed DC power 

application step of the combination to be performed according to the teachings of Liu et 

al. because one of ordinary skill in the art would have been motivated to look to 

alternative suitable methods of performing the disclosed pulsed DC power application 

step of the combination and art recognized suitability for an intended purpose has been 

recognized to be motivation to combine. See MPEP 2144.07. 

With respect to claims 8 and 52, Smolanoff et al. disclose wherein the process 

gas includes a mixture of oxygen and argon (Col. 7, lines 21-27). 

With respect to claim 10, Smolanoff et al. disclose wherein the process gas 

further includes nitrogen (Col. 7, lines 25-26). 

With respect to claim 11, Smolanoff et al. disclose wherein providing pulsed DC 

power to a target includes providing pulsed DC power to a target which has an area 

larger than that of the substrate (See fig. 1 ). 
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With respect to claims 12, 49 and 55, Smolanoff et al. disclose further including 

uniformly sweeping the target with a magnetic field (Col. 6, lines 1-7). 

With respect to claims 13 and 50, Smolanoff et al. disclose wherein uniformly 

sweeping the target with a magnetic field includes sweeping a magnet in one direction 

across the target where the magnet extends beyond the target in the opposite direction 

(Col. 6, lines 1-6). 

With respect to claims 56-60, One of ordinary skill in the art would have been led 

to the recited time pulse, bias power and frequency to routine experimentation to 

achieve a desire layer thickness, device dimension, device associated characteristics 

and device density on the finished wafer in view of the range of values disclosed. 

In addition, the selection of time pulse, bias power and frequency, its obvious 

because it is a matter of determining optimum process conditions by routine 

experimentation with a limited number of species of result effective variables. These 

claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 {CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 
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(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed time pulse, bias power and frequency or any unexpected results arising 

therefrom. Where patentability is said to be based upon particular chosen time pulse, 

bias power and frequency or upon another variable recited in a claim, the Applicant 

must show that the chosen time pulse, bias power and frequency are critical. In re 

Woodruf, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Claims 2-4, 6 and 22-24 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. in view of Fu et al. and Liu et al. as applied to claims 

10-13, 21, 40-45 and 51-60 above, and further in view of the following comments. 

With respect to claims 2-4, 6 and 22-24, 41, 42, 44-48, One of ordinary skill in the 

art would have been led to the recited temperature, DC power, gas flow, time pulse and 

bias power to routine experimentation to achieve a desire layer thickness, device 

dimension, device associated characteristics and device density on the finished wafer in 

view of the range of values disclosed. 

In addition, the selection of temperature, DC power, gas flow, time pulse and bias 

power, its obvious because it is a matter of determining optimum process conditions by 

routine experimentation with a limited number of species of result effective variables. 

These claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 
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1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 {CCPA) {discovery of optimum value of result effective 

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 

{CCPA 1995) (selection of optimum ranges within . prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed temperature, DC power, gas flow, time pulse and bias power or any 

unexpected· results arising therefrom. Where patentability is said to be based upon 

particular chosen temperature, DC power, gas flow, time pulse and bias power or upon 

another variable recited in a claim, the Applicant . must show that the chosen 

temperature, DC power, gas flow, time pulse and bias power are critical. In re Woodruf, 

919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Claims 7 and 9 are rejected under 35 U.S.C. 103{a) as being unpatentable over 

Smolanoff et al. in view of Fu et al. and Liu et al. as applied to claims 10-13, 21, 40-45 

and 51-60 above, and further in view of Le et al. (2003/0077914). 

The combination of Smolanoff et al. and Fu et al. does not disclose wherein the film 

is an upper cladding layer of a waveguide structure and the bias power is optimized to 

provide planarization. 
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With respect to claim 7, Le et al. disclose wherein the film is an upper cladding 

layer of a waveguide structure and the bias power is optimized to provide planarization 

Page 5, Paragraph [0075]. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Fu et al., Liu et al. and Le et al. to enable the film 

material of Smolanoff et al. to be the same according to the teachings of Le et al. 

because one of ordinary skill in the art would have been motivated to look to alternative 

suitable film materials for the disclosed film formation step. of Smolanoff et al. and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to 

adjust the index of refraction of the film (Page 5, Paragraph [0076]). 

Response to Arguments 

Applicant's arguments, filed 10/2/07, with respect to the rejection(s) of claim(s) 

21, 43 and 51 under 35 USC 103 have been fully considered and are persuasive. 

Therefore, the rejection has been withdrawn. However, upon further consideration, a 

new ground(s) of rejection is made in view of Liu et al. 
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Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
November 13, 2007 

- ~ ~Estrada 
Primary Examiner 

Art Unit 2823 
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For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 6938 
) 
) 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT UNDER 
37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97( c ), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Supplemental Information Disclosure 

Statement is being filed after the events recited in Section l .97(b) but, to the undersigned's 

knowledge, before the mailing date of either a Final action, Quayle action, or a Notice of 

Allowance. Under the provisions of 37 C.F.R. § l.97(c), this Supplemental Information 

Disclosure Statement includes a certification as specified by Section l.97(e). 

Based on reasonable inquiry, no document listed in this Supplemental Information 

Disclosure Statement was cited in a communication from a foreign patent office in a counterpart 

foreign application, and no document listed in this Supplemental Information Disclosure 

Statement was known to any individual designated in 37 C.F.R. § l.56(c) more than three 

months prior to the filing date of this Supplemental Information Disclosure Statement. 
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U.S. Application No. 101101,863 
Attorney Docket No. 10655.0016-00 

Copies of the listed non-patent literature documents are attached. A copy of the U.S. 

patent is not enclosed. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to Deposit Account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & NNER, L.L.P. 

Dated: November 27, 2007 

EXPRESS MAIL LABEL NO. 
EM 074696455 US 

-2-
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Customer ~O _0 
Attorney Docket No. 106 . 16 0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei ZHANG et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed November 15, 2007, please amend the 

above-identified application as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper be g
1
nn

1
ng 

on page 2. 

Remarks/ Arguments follow the amendment sections of this paper beginning on page 8 -
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AMENDMENTS TO THE CLAIMS: 

U.S. Application N . /101, 
Attorney Docket No. 10655.0016-00 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1. (Canceled). 

-. (Pr-· iously presented): The method of Claim 21, further including holding the temperature 

of the substrate substantially constant. 

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC power through 

the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz 

and about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

5. (Canceled). 

6. (Previously presented): The method of claim 4, wherein the RF bias power is zero. 

7. (Previously presented): The method of Claim 21, wherein the RF bias power is optimized to 

provide planarization. 

8. (Previously presented): The method of Claim 21, wherein a process gas of the process gas 

flow includes a mixture of Oxygen and Argon. 

9. (Previously presented): The method of Claim 8, wherein the mixture is adjusted to adjust the 

index of refraction of the film. 

-2-
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10. (Previously presented): The method of Claim 8, wherein the mixture further includes 

nitrogen. 

11. (Previously presented): The method of Claim 21, wherein applying pulsed DC power to the 

target includes adjusting pulsed DC power to a target which has an area larger than that of the 

substrate. 

12. (Previously presented): The method of Claim 21, further including uniformly sweeping the 

target with a magnetic field. 

13. (Previously presented): The method of Claim 12, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 

14-20. (Canceled). 

21. (Currently amended): A method of depositing an insulating oxide film on a substrate, 

comprising: 

conditioning a target; 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; and 

applying pulsed DC power to the target such that a tafget voltage on the target oscillates 

between positive and negative voltages to create a plasma and deposit the oxide film; and 

narrow band rejection filtering the DC power at a frequency of the bias power before 

applying the DC power to the target, 
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wherein conditioning the target includes sputtering with the target in a metallic mode to 

remove the surface of the target and then sputtering with the target in poisonous mode to prepare 

the surface. 

22. (Previously presented): The method of Claim 21, wherein setting the process gas flow 

includes adjusting constituents in order to adjust the index of refraction of the film. 

23. (Previously presented): The method of Claim 21, wherein applying pulsed DC power 

includes setting the frequency in order to adjust the index of refraction of the film. 

24. (Previously presented): The method of Claim 21, further including adjusting a temperature 

of the substrate in order to adjust the index of refraction of the film. 

25-40. (Canceled). 

41. (Previously presented): The method of claim 21, wherein a bandwidth of the narrow band 

rejection filter is about 100 kHz. 

42. (Previously presented): The method of claim 21, wherein the frequency of the RF bias is 

about2MHz. 

43. (Currently amended): A method of depositing an insulating oxide film on a substrate, 

comprising: 

preparing the substrate; 

adjusting an RF bias power to the substrate; 

setting a process gas flow; 

applying pulsed DC power to a target such that a tafget-voltage on the target oscillates 

-4-
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between positive and negative voltages and an oxide film is deposited on the substrate; and 

narrow band rejection filtering the DC power at a frequency of the bias power before 

applying the DC power to the target. 

44. (Previously presented): The method of claim 43, wherein band rejection filtering the DC 

power includes utilizing a band rejection filter with a bandwidth of less than about 100 kHz. 

45. (Previously presented): The method of claim 43, wherein the frequency of the RF bias is 

about2MHz. 

46. (Previously presented): The method of Claim 43, wherein applying pulsed D- po·· er 

includes supplying up to about 10 kW of power at a frequency of between about 40 kHz and 

about 350 kHz and a reverse time pulse between about 1.3 and 5 µs. 

·1. (P-- · iously presented): The method of Claim 43, further including holding the temperature 

of the substrate substantially constant. 

48. (Previously presented): The method of Claim 43, wherein adjusting an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

49. (Previously presented): The method of Claim 43, further including uniformly sweeping the 

target with a magnetic field. 

50. (Previously presented): The method of Claim 49, wherein uniformly sweeping the target 

with a magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction. 
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51. (Currently amended): A method of depositing an insulating oxide film on a substrate, 

comprising: 

providing a process gas between the substrate and a target; 

applying an RF bias power to the substrate; 

applying pulsed DC power to the target such that a targeE-voltage on the target oscillates 

between positive and negative voltages; and 

narrow band rejection filtering the pulsed DC power at a frequency of the bias power 

before applying pulsed DC power to the target, 

wherein the oxide film is deposited on the substrate. 

52. (Previously presented): The method of claim 51, wherein the process gas includes one or 

more gasses chosen from the group consisting of Ar, N1, 02, C2F6, C02, CO, NH3, NO, and 

halide containing gasses. 

53. (Previously presented): The method of claim 51, wherein the target is a metallic target. 

54. (Previously presented): The method of claim 51, wherein the target is an intermetllic target. 

55. (Previously presented). The method of claim 51, further including sweeping the target with 

a magnetic field. 

56. (Previously presented): The method of claim 51, wherein the pulsed DC power is supplied 

with a reverse time pulse between about 1.3 and 5 µs. 

57. (Previously presented): The method of Claim 51, wherein applying an RF bias power to the 

substrate includes supplying up to 1000 W of RF power to the substrate. 

-6-
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58. (Previously presented) The method of claims 21, wherein applying pulsed DC power 

includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about 

350kHz. 

59. (Previously presented) The method of claim 43, wherein applying pulsed DC power 

includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about 

350kHz. 

60. (Previously presented) The method of claim 51, wherein applying pulsed DC power 

includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about 

350kHz. 

-7-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1454 of 1543



REMARKS 

U.S. Application No. 101101,863 
Attorney Docket No. 10655.0016-00 

Claims 2-13, 21-24, and 40-60 are pending in the above-identified application. The 

Examiner has rejected claims 2-13, 21-24, and 40-60. In this application, claims 21, 43, and 51 

are amended as discussed during an interview with the Examiner on December 11, 2007. Claim 

40 is canceled. 

Examiner's Interview 

Applicant thanks the Examiner for meeting with us on December 11, 2007 (the 

"Interview"). In attendance at the Interview were Examiner Michelle Estrada, Inventor R. Ernest 

Demaray, and Applicant's representative Gary J. Edwards. During the interview, all of the 

claims were discussed as well as the art that has been cited against the claims. Agreement with 

respect to the claims was reached. In this Amendment, the claims have been amended as 

discussed during the interview. The Examiner indicated in the Interview Summary that the 

proposed language for the claims "would overcome the rejection on record." 

The substance of the discussion with the Examiner with respect to the claims and the art 

is provided below. 

Claim Rejections Under 35 U.S.C. § 103(a) 

Claims 10-13. 21. 40-45. and 51-60 

Claims 10-13, 21, 40-45, and 51-60 were rejected under 35 U.S.C. § 103(a) as being 

unpatentable over U.S. Patent No. 6,117,279 to Smolanoff et al. ("Smolanoff') in view of U.S. 

Patent No. 6,306,265 to Fu et al. ("Fu"), and in further view of U.S. Patent No. 6,086,730 to Liu 

et al. ("Liu"). Claims 21, 43, and 51 are independent claims. As discussed during the Interview, 

-8-
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Smolanoff, Fu, and Liu, either separately or in combination, do not teach or suggest "adjusting 

an RF bias power to the substrate" in combination with "applying pulsed DC power to the target 

such that a voltage on the target oscillates between positive and negative voltages to create a 

plasma and deposit the oxide film" as is recited in claim 21; "adjusting an RF bias power to the 

substrate" in combination with "applying pulsed DC power to a target such that a voltage on the 

target oscillates between positive and negative voltages and an oxide film is deposited on the 

substrate," as is recited in claim 43; or "applying an RF bias power to the substrate" in 

combination with "applying pulsed DC power to the target such that a voltage on the target 

oscillates between positive and negative voltages," as is recited in claim 51. 

Further, both Smolanoff and Liu teach away from aspects of the claimed invention. As a 

result, there is no reason to combine Smolanoff or Liu with any other art in order to find claims 

21, 43, or 51 obvious under 35 U.S.C. § 103 (a). 

I. Smolanoff does not teach, and in fact teaches away from, "applying pulsed DC power to the 
target such that a voltage on the target oscillates between positive and negative voltages. " 

As discussed during the Interview, Smolanoff teaches away from a system where the 

target voltage becomes positive, as is recited in each of claims 21, 43, and 51. Smolanoff 

teaches a directed ion metal vapor source for deposition of conductive films. Although 

Smolanoff states that the DC source can be a pulsed DC source, Smolanoff also states that 

"[p]ower from the steady or pulsed DC power supply 21 and/or RF generator 24 produces a 

negative potential on the target 16." (Smolanoff, col. 5, line 66, -col. 6, line 1) (emphasis 

added). In every disclosure of target voltage, Smolanoff teaches that the target voltage must be 

negative. (See, e.g. col. 5, lines 39-44 ("[t]he magnet structure 20 preferably includes magnets 

that produce a closed magnetic tunnel over the surface of the target 16 that traps electrons given 

-9-

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1456 of 1543



U.S. Application No. 10/101,863 
Attorney Docket No. 10655.0016-00 

off into the chamber 12 by the cathode assembly 17 when the cathode assembly 17 is electrically 

energized to a negative potential as is familiar to one skilled in the art"); col. 6, lines 9-12 

("[t]his main plasma in the region 23 becomes a source of positive ions of gas that are 

accelerated toward, and collide against, the negatively charged surface of the target 16, 

thereby ejecting particles of coating material from the target 16") (emphasis added)). 

Smolanoff never teaches that the target can be positive and, in accordance with the 

teachings of Smolanoff, the target voltage must always be negative. Therefore. Smolanoff 

teaches away from "applying pulsed DC power to the target such that a voltage on the target 

oscillates between positive and negative voltages," as is recited in each of claims 21. 43, and 51. 

Smolanoff, then, also teaches away from "adjusting an RF bias power to the substrate" in 

combination with "applying pulsed DC power to the target such that a voltage on the target 

oscillates between positive and negative voltages to create a plasma and deposit the oxide film" 

as is recited in claim 21; "adjusting an RF bias power to the substrate" in combination with 

"applying pulsed DC power to a target such that a voltage on the target oscillates between 

positive and negative voltages and an oxide film is deposited on the substrate," as is recited in 

claim 43; or "applying an RF bias power to the substrate" in combination with "applying pulsed 

DC power to the target such that a voltage on the target oscillates between positive and negative 

voltages," as is recited in claim 51. 

In addition, the Examiner indicated, with regard to the filter, that "if it is a band rejection, 

band pass, low-pass, high-pass, or stop band filter, this is a matter of design choice depending on 

what it is intended or needed for the desired final product or device." and then opined that "[i]t is 

obvious that the filter is going to work at certain frequencies." However, as explained during the 

Interview, that is not the case. The filter allows the combination of pulsed-DC power to the 

-10-
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target (where the target voltage is oscillated between positive and negative voltages) and an RF 

bias on the substrate. A filter that blocks too many of the constituent frequencies of the pulsed 

DC waveform results in the target voltage not attaining a positive voltage. A filter that does not .. 

block the RF bias voltage can result in failure of the DC power supply. Smolanoff does not 

teach the "narrow band rejection filtering" recited in each of claims 21, 43, and 51. 

II. Liu does not teach, and in fact teaches away from, the combination of pulsed DC voltage 
(where a voltage on the target oscillates between positive and negative voltages) and applying 
RF bias to the substrate. 

The Examiner stated that "[t]he combination of Smolanoff et al. and Fu et al. does not 

clearly disclose applying pulsed DC power to the target such that a target voltage oscillates 

between positive and negative voltages." (Office Action, page 4). The Examiner then relies on 

Liu to teach this aspect of claims 21, 43, and 51. As discussed above, Smolanoff teaches away 

from applying voltage to the target that causes the target voltage to become positive. Therefore, 
1 

there is no reason to combine Smolanoff with Liu as suggested. Further, as discussed below, Lit 

also teaches away from combining a pulsed DC voltage to the target where the target voltage 
) 

becomes positive and any bias voltage applied to the substrate except for a DC voltage applied tc 

a conducting substrate. 

Liu teaches deposition of conductive, diamond-like carbon thin films by sputtering with l 

pulsed-DC process. (See, e.g., Liu, Abstract). Liu teaches that the carbon film is deposited by "a 

special type of pulsed DC power supply," (Liu, col. 6, lines 21-26), where the pulse 

characteristics provide "a positive potential to the target, by as much as, e.g. 300 volts positive," 

(Liu, col. 6, lines 44-45), and then "a negative potential to the target," (Liu, col. 6, line 50). 

-11-
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However, Liu teaches away from applying any bias to the substrate that is not a DC bias, and 

then only if the substrate is a conducting substrate. As taught in Liu, 

In addition to the pulsed DC sputtering with above mentioned 
characteristics, the substrate can also be biased in order to enhance 
the ta-C:H characteristics of the carbon film. Although this can 
only be done with conductive substrates, the effect is 
pronounced and useful. Nominally, the substrate is biased 
negative to the ground .... 

(Liu, col. 6, line 66, to col. 7, line 3). Liu further teaches only DC bias voltages. (See, Liu, col. 

7, lines 2-11). 

Therefore, Liu does not teach the combination of pulsed DC where a voltage on the target 

oscillates between positive and negative voltages and applying an RF bias to the substrate, and in 

fact teaches away from such a combination especially as it applies to insulating films. As a 

result, Liu can not teach "adjusting an RF bias power to the substrate" in combination with 

"applying pulsed DC power to the target such that a voltage on the target oscillates between 

positive and negative voltages to create a plasma and deposit the oxide film" as is recited in 

claim 21; "adjusting an RF bias power to the substrate" in combination with "applying pulsed 

DC power to a target such that a voltage on the target oscillates between positive and negative 

voltages and an oxide film is deposited on the substrate," as is recited in claim 43; or "applying 

an RF bias power to the substrate" in combination with "applying pulsed DC power to the target 

such that a voltage on the target oscillates between positive and negative voltages," as is recited 

in claim 51. 

There would be no reason to combine Smolanoff and Liu as suggested by the Examiner 

because each of these references teaches away from "adjusting an RF bias power to the 

substrate" in combination with "applying pulsed DC power to the target such that a voltage on 

the target oscillates between positive and negative voltages to create a plasma and deposit the 

-12-
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oxide film" as is recited in claim 21; "adjusting an RF bias power to the substrate" in 

combination with "applying pulsed DC power to a target such that a voltage on the target 

oscillates between positive and negative voltages and an oxide film is deposited on the 

substrate," as is recited in claim 43; or "applying an RF bias power to the substrate" in 

combination with "applying pulsed DC power to the target such that a voltage on the target 

oscillates between positive and negative voltages," as is recited in claim 51. 

Ill. Fu does not teach or suggest the claimed invention, and further Fu does not teach the 
elements for which it is being cited. 

The Examiner stated that "Smolanoff et al. do not clearly disclose wherein conditioning 

the target includes sputtering with the target in a metallic mode to remove the surface of the 

target and sputtering with the target in a poisonous mode to prepare the surface." (Office Action' 

page 3). Fu is relied upon to disclose "wherein conditioning the target includes sputtering with 

the target in a metallic mode to remove the surface of the target and sputtering with the target in 

a poisonous mode to prepare the surface (Col. 19, lines 35-40)." (Office Action, page 3). 

As discussed above, there is no reason to combine either of Smolanoff and Liu with Fu 

because both Smolanoff and Liu teach away from the combination of pulsed-DC voltage to the 

target where the voltage on the target oscillates between positive and negative voltages and an 

RF bias applied to the substrate, as is recited in claims 21, 43, and 51. Additionally, Fu does not 

teach the elements for which it is relied or itself teach the combination of pulsed-DC power and 

RF bias recited in the claims. 

Fu teaches high density, magnetic field enhanced ionized metal vapor deposition of 

conducting films. (See Fu, abstract). Fu, however, teaches utilization of a DC power supply (Fu, 

col. 1, lines 30-32) in combination with an RF bias applied to the substrate (Fu, col. 2, lines 36-

-13-
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41). Therefore, Fu fails to teach "adjusting an RF bias power to the substrate" in combination 

with "applying pulsed DC power to the target such that a voltage on the target oscillates between 

positive and negative voltages to create a plasma and deposit the oxide film" as is recited in 

claim 21; "adjusting an RF bias power to the substrate" in combination with "applying pulsed 

DC power to a target such that a voltage on the target oscillates between positive and negative 

voltages and an oxide film is deposited on the substrate," as is recited in claim 43; or "applying 

an RF bias power to the substrate" in combination with "applying pulsed DC power to the target 

such that a voltage on the target oscillates between positive and negative voltages," as is recited 

in claim 51. 

Fu does teach operation in the poison mode and operation in the metallic mode as applied 

to TiN deposition, .but does not teach "wherein conditioning the target includes sputtering with 

the target in a metallic mode to remove the surface of the target and then sputtering with the 

target in poison mode to prepare the surface," as is recited in claim 21. As stated by Fu, 

Reactive sputtering to produce TiN is known to operate in two 
modes, metallic mode and poison mode. Metallic mode produces a 
high-density, gold-colored film on the wafer. Poison mode, which 
is often associated with a high nitrogen flow, produces a 
purple/brown film which advantageously has low stress. However, 
the poison-mode film has many grain boundaries, and film defects 
severely reduce chip yield. Furthermore, the deposition rate in 
poison mode is typically only one-quarter of the rate in metallic 
mode. It is generally believed that in poison mode the nitrogen 
reacts with the target to form a TiN surface on the Ti target while 
in metallic mode the target surf ace remains clean and TiN forms 
only the wafer. 

(Fu, col. 19, lines 28-30). Fu teaches operation in either metallic mode or poison mode, and does 

not teach "wherein conditioning the target includes sputtering with the target in a metallic mode 

to remove the surf ace of the target and then sputtering with the target in poisonous mode to 

-14-
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prepare the surface," as is recited in claim 21. Independent claims 43 and 51 do not mclude tlns 

limitation. 

IV. Summary 

As discussed above, claims 21, 43, and 51 are allowable over the combination of 

Smolanoff, Fu, and Liu. Claims 10-13, 41-42, and 58 depend from claim 21 and are therefore 

allowable over the combination of Smolanoff, Fu, and Liu for at least the same reasons as is 

claim 21. Claim 40 has been canceled. Claims 44-45 and 59 depend from claim 43 and are 

allowable over the combination of Smolanoff, Fu, and Liu for at least the same reasons as is 

claim 43. Claims 52-57 and 60 depend from claim 51 and are allowable over the combination of 

Smolanoff, Fu, and Liu for at least the same reasons as is claim 51. 

Claims 2-4. 6. and 22-24 

Claims 2-4, 6, and 22-24 are rejected under 35 U.S.C. § 103(a) as being unpatentable 

over Smolanoff in view of Fu and Liu, as applied to claims 10-13, 21, 40-45, and 51-60. 

Claims 2-4, 6, and 22-24 depend from claim 21. As discussed above, claim 21 is 

allowable over the combination of Smolanoff, Fu, and Liu. Therefore, claims 2-4, 6, and 22-24 

are all- ··able over the combination of Smolanoff, Fu, and Liu for at least the same reasons as is 

claim 21. 

-15-
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Claims 7 and 9 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 

Smolanoff in view of Fu and Liu, as applied to claims 10-13, 21, 40-45, and 51-60, and in further 

view of U.S. Patent Publication No. 2003/0077914 to Le et al. ("Le"). 

Claims 7 and 9 depend from claim 21. As discussed above, claim 21 is allowable over 

the combination of Smolanoff, Fu, and Liu. Le does not cure the defects in the teachings of 

Smolanoff, Fu, and Liu. Further, there is no reason to combine Smolanoff and Liu with any 

other art in order to find claim 21 obvious because both Smolanoff and Liu teach away from 

"adjusting an RF bias power to the substrate" in combination with "applying pulsed DC power to 

the target such that a voltage on the target oscillates between positive and negative voltages to 

create a plasma and deposit the oxide film" as is recited in claim 21. 

Le teaches deposition of an anti-reflective coating by pulsing a DC source with no bias 

applied to the substrate. As taught in Le, 

The pulsed DC power source 22 applies a pulsed DC (direct 
current) voltage to the target 14. The pulsed DC voltage may be 
oscillated between negative and positive states. In one version, the 
pulsed DC voltage is pulsed between "on" and "off' states .... 

(Le, par. 0071). As further stated, "[t]he pulsed DC voltage alleviates this problem by 

maintaining "on" and "off' states during each pulse cycle." (Le, par. 0072). Therefore, Le does 

not teach that the target voltage goes positive, and only teaches that the DC voltage is pulsed. 

Further, there is no teaching of a bias applied to the substrate. Therefore, Le does not teach 

"adjusting an RF bias power to the substrate" in combination with "applying pulsed DC power to 

the target such that a voltage on the target oscillates between positive and negative voltages to 

create a plasma and deposit the oxide film" as is recited in claim 21. 

-16-
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Further, Le was apparently presented to teach "wherein the RF bias power is optimized to 

provide planarization," as is recited in claim 7. However, Le does not teach RF bias or 

planarization of a cladding layer. 

Therefore, claims 7 and 9 are allowable over the cited art for at least the same reasons as 

is claim 21. 

Conclusion 

In view of the foregoing amendments, which are discussed during the Interview, and the 

remarks, which provides the substance of the discussion during the Interview, Applicant 

respectfully requests the timely allowance of the pending claims, which the Examiner indicated 

would be allowable after the amendments provided herein. If the Examiner has any questions or 

concerns regarding this Amendment or these Remarks, the Examiner is invited to call 

Applicant's representative. 

Please grant any extensions of time required to enter this response and charge any 

additional required fees to our deposit account 06-0916. 

Dated: December 18, 2007 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

B4A~ 
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Reg. No. 41,008 
(650) 849-6622 
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UNITED STA TES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
l\ddros.: COMMISSIONER FOR PATENTS 

P.O. Bo• 1450 
Ale•andria, Virginia 22313·1450 
WWW,UNpto.g:ov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

22852 7590 01/25/2008 
EXAMINER 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 

ESTRADA, MICHELLE 

901 NEW YORK A VENUE, NW 
W ASHJNGTON, DC 20001-4413 

ART UNIT 

2823 

DATE MAILED: 01/25/2008 

PAPER NUMBER 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFLRJIJA TION NO. 

J0/101,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938 

TITLE OF INVENTION: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional YES $720 $300 $0 $1020 04/25/2008 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUlRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF TIDS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box Sb on Part B • 
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the fonn should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PART B - FEE(S) TRANSMITTAL 

Complete.and send this form, together with applicable fee(s), to: Mail 

or Fax 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This fonn should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indjcated unless cor_recte? below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for · 
maintenance fee not1ficat10ns. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change ofaddres.<) Note: A certificate of ma1hng can only be used for domestic ma1hngs ot the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

22852 7590 01/25/2008 
Certificate of Mailing or Transmission 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER-iereby certifv that this Fee(s) Transmittal is being deposited with the United 
LLP States Postal Service with sufficient postage for first class mail in an envelor.e 

addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
901 NEW YORK A VENUE, NW transmitted to the USPTO (571) 273-2885, on the date indicated below. 

WASHINGTON, DC 20001-4413 (Depo.-:itor's name) 

(Signature) 

(Date) 

APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

I 0/ I 01,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938 

TITLE OF INVENTION: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS 

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional YES $720 

EXAMINER ART UNIT 

ESTRADA, MICHELLE 2823 

I. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of corres.r,ondence address (or Change of Correspondence 
Address fonn PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication fonn 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

438-788000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$1020 

DATE DUE 

04/25/2008 

(2) the name of a single finn (having as a member a 2 _____________ _ 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 3 
listea, no name will be printed. --------------

3. ASSIGNEE NAMEAND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STA TE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 
0 Publication Fee (No small entity discount permitted) 

0 Advance Order· #of Copies----------

5. Change in Entity Status (from status indicated above) 

0 a. Applican~ claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 
0 Payment by credit card. Fonn PT0-2038 is attached. 
0The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 

overpayment, to Deposit Account Number (enclose an extra copy of this fonn). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR J .27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. · 

Authorized Signature _____________________ _ 

Typed or printed name--------------------- Registration No.---------------

This collection ofinfonnation is required by 37 CFR 1.311. The infonnation is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR J.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
submitting the completed application fonn to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this fonn and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P .0. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infonnation unless it displays a valid OMB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 08/3 J/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Case 5:20-cv-09341-EJD   Document 138-6   Filed 03/18/22   Page 1470 of 1543



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

101101,863 03/16/2002 Hongmei Zhang 

22852 7590 01125/2008 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 
90 l NEW YORK A VENUE, NW 
WASHINGTON, DC 20001-4413 

UNITED ST ATES DEPARTMENT OF COMMERCE 
United Stales Patent and Trademark Office 
Address: COMMISSIONER' FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

10655.0016-00 6938 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

DATE MAILED: 01/25/2008 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Tenn Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Tenn Adjustment will be 0 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that. 
determines Patent Tenn Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Tenn Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571)-272-4200. 
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Application No. 

10/101,863 
Notice of Allowability Examiner 

Michelle Estrada 

. Applicant(s) 

ZHANG ET AL. 
Art Unit 

2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 

NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.31. 3 and MPEP 1308. 

1. ~ This communication is responsive to 12118107. 

2. ~ The allowed claim(s) is/are 2-4.6-13.21-24 and 41-60. 

3. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 0 All b) 0 Some* c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

I 
5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) 0 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) 0 hereto or 2) D to Paper No./Mail Date 

(b) 0 including changes required by the attached Examiner's Amendment I Comment or in the Office action of 

Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. 0 Notice of Draftperson's Patent Drawing Review. (PT0-948) 

3. ~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 11/27/07 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

5. 0 Notice of Informal Patent Application 

6. 0 Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenVComment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

U.S. Patent and Trademark Office 
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20080117 
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MATION DISCLOSURE 
EMENT BY APPLICANT 

(Use as many sheets as necessary) 

1 · of 

Application Number 
Filing Date 
First Named Inventor 
Art·Unit 
Examiner Name 
Attorney Docket Number 

Complete if Known 
10/101,863 
March 16, 2002 
Hongmei ZHANG 
2823 
Michelle ESTRADA 
10655.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 
Initials' No.1 

Number-Kind Code2 
(If knOwn) 

Publication Date Applicant of Cited Document Relevant Passages or Relevant 
. MM·DD·YYYY Figures Appear 

I fl/fl US-7,262, 131 08-28-2007 Narasimhan et al. 

r---. US· 

us:-----
US· --- ......._ 
US· ----~ US· 

-------US· ·------
US· -

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications 1s not required. 

FOREIGN PATENT DOCUMENTS 
Examiner Cite Publication Date Name of Patentee or Pages, Columns, Lines, Translation8 

Initials' No.' Foreign Patent Document MM·DD-YYYY Applicant of Cited Document Where Relevant Passages 
or Relevant Figures 

--- Country Code3 Number' Kind Code5 (if knOwn) Appear 

------ ----i-- - r-----_ - r----......._ 

NONPATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of the author (In CAPITAL LETTERS), title of the article (when appropriate), title of the item Translation8 

Initials No.' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 

"'~ 
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Commissioner for Patents 
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Alexandria, VA 22313-1450 
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UNDER 37 C.F.R. § 1.97(d) 
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Examiner the documents on the attached listing. This Supplemental Information Disclosure 

Statement is being filed after a Notice of Allowance but before payment of the issue fee and the 

Commissioner is authorized to charge the fee of $180.00 to Deposit Account No. 06-0916, as 

specified under§ l.17(p) and a statement as specified under§ l.97(e). 
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Application No. 10/101,863 

Attorney Docket No. 10655.0016-00 

Copies of the listed non-patent literature documents are attached. Applicants respectfully 

request that the Examiner consider the listed documents and indicate that they were considered 

by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any additional fee due in connection with the filing of this Statement, please 

charge the fee to Deposit Account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & UNNER, L.L.P. 

Dated: February 13, 2008 
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MAIL STOP AMENDMENT 
Cqmmissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
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) Group Art Unit: 2823 
) 
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Examiner: ESTRADA, Michelle 

Confirmation No.: 6938 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(b) 

Pursliant to 37 C.F.R. §§ 1.56 and l.97(b), applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed before the mailing date of a first Office Action after the filing of a Request for Continued 

Examination in the above-referenced application. Applicants respectfully request that the 
'-. 

Examiner consider the listed documents and indicate that they were considered by making 

appropriate notations on the attached form. 

Based on reasonable inquiry, no document listed in this Information Disclosure Statement 

was cited in a communication from a foreign patent office in a counterpart foreign application, 

and no document listed in this Information Disclosure Statement was known to any individual 
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designated in 37 C.F.R. § 1.56(c) more than three months prior to the filing date of this 

Information Disclosure Statement. 

Copies of the listed foreign patents and non-patent literature documents are attached. 

Copies of the U.S. patents and patent publications are not enclosed. 

Applicants respectfully request that the Examiner consider the listed documents and 
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This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and applicants determine that the cited documents do not constitute 

"prior art" under United States law, applicant reserves the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Dated: July 28, 2005 

EXPRESS MAIL LABEL NO. 
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Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
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GARRETT & UNNER, L.L.P. 
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(Attorney Docket No. 09140-0014-00). 
Response to Office Action filed on June 17, 2005 in U.S. Serial No. 09/903,081 
(Attorney Docket No. 09140-0014-00). 
Office Action issued on July 8, 2005 in U.S. Serial No. 09/903,081 
(Attorney Docket No. 09140-0014-00). 
Office Action issued on May 14, 2003 in U.S. Serial No. 10/101,492 
(Attorney Docket No. 09140-0015-00). 
Response to Office Action filed on August 14, 2003 in U.S. Serial No. 10/101,492 
(Attorney Docket No. 09140-0015-00). 
Response to Office Action filed on March 3, 2004 in U.S. Serial No. 10/101,492 
(Attorney Docket No. 09140-0015-00). 
Response to Office Action filed on February 23, 2004 in U.S. Serial No. 10/1O1,341 
(Attorney Docket No. 09140-0017-00). 
Response to Office Action filed on December 08, 2004 in U.S. Serial No. 10/101,341 
(Attorney Docket No. 09140-0017-00). 
Office Action issued on March 14, 2005 in U.S. Serial No. 10/789,953 
(Attorney Docket No. 09140-0030-00). 

Office Action issued March 24, 2005 in U.S. Application No. 10/851,542 (Attorney 
Docket No. 09140.0033-00). 

/Michelle Estrada/ Date 
Considered 

02/21/2008 
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citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 
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Customer No. 22,852 

Attorney Docket No. 9140.0016-00 

4 7JtAO~~ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 --" 
For: BIASED PULSE DC REACTIVE 

SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 6938 
) 

TENTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Tenth Supplemental Informatfon 

Disclosure Statement is being filed after the events recited in Section l .97(b) but, to the 

undersigned's knowledge, before the mailing date of either a Final action, Quayle action, or a 

Notice of Allowance. Under the provisions of 37 C.F.R. § l.97(c), the Commissioner is hereby 

authorized to charge the fee of $180.00 to Deposit Account No. 06-0916 as specified by 

Section 1.17(p ). 

Copies of the listed foreign and non-patent literature documents are attached. Copies of 

the U.S. patents and patent publications are not enclosed. 
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Appl. No. 10/101,863 

Atty. Docket No. 9140.0016-00 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in. connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & D ER, L.L.P. 

Dated: July 13, 2006 

EXPRESS MAIL LABEL NO. 
EV 860818417 US 
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Sheet of 2 

10101863 - GAU: 2823 

Complete if Known 

10/101,863 
March 16, 2002 
ZHANG, Hongmei 

2823 
Examiner Name ESTRADA, Michelle 
Attorney Docket Number 9140.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 
Initials" No. 1 

Number-Kind Code2 
(if kno"n) 

Publication Date Applicant of Cited Document Relevant Passages or Relevant 
MM-DD-YYYY Figures Appear 

us 4,710,940 12-01-1987 Sipes, Jr. 

us 4,785,459 11-15-1988 Baer 

us 5,435,826 07-25-1995 Sakakibara et al. 

us 5,512,147 04-30-1996 Bates et al. 

us 5,569,520 10-29-1996 Bates 

us 5,597,660 01-28-1997 Bates et al. 

us 5,612,152 03-18-1997 Bates 

US 6,168,884 Bl 01-02-2001 Neudecker et al. 

US 6,236,793 B 1 05-22-2001 Lawrence et al. 

US 6,242,132 Bl 06-05-2001 Neudecker et al. 

US 6,365,300 Bl 04-02-2002 Ota et al. 

US 6,760,520 Bl 07-06-2004 Medin et al. 

US 6,818,356 Bl 11-16-2004 Bates 

US 2001/0031122 Al 10-18-2001 Lackritz et al. 

US 2003/0185266 Al 10-02-2003 Henrichs 

US 2006/0134522 Al 06-22-2006 Zhang et al. 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examiner 
Initials· 

Examiner 
Signature 

Cite 
No. 1 

FOREIGN PATENT DOCUMENTS 
Publication Date 

Foreign Patent Document MM-DD-YYYY 

Counby Code3 Numbcr4 Kind Code5 
(if kno"n) 

/Michelle Estrada/ 

Name of Patentee or 
Applicant of Cited Document 

Date 
Considered 

Pages, Columns, Lines, Translation6 

Where Relevant Passages or 
Relevant Figures Appear 

02/21/2008 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not 
in conformance and not considered. Include copy of this form with next communication to applicant. 
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Application Number 10/101,863 

INFORMATION DISCLOSURE Filing Date March 16, 2002 

STATEMENT 1l_Y APPLICANT First Named Inventor ZHANG, Hongmei 

Art Unit 2823 

Sheet 

Examiner 
Initials' 

Examiner 
Signature 

I 

Cite 
No. 1 

ruse,4:vfi;~S ~saryJ Examiner Name ESTRADA, Michelle 

I 
I 2 I ·~or I 2 Attorney Docket Number 9140.0016-00 

-

"" 
JUL i.-31UUI> ~I 

\.'&... .tt1t-'J/ NON PATENT LITERATURE DOCUMENTS 
h~ .a n.~2the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 

country where published. 

COCORULLO, G. et al., "Amorphous silicon waveguides and light modulators for integrated 
photonics realized by low-temperature plasma-enhanced chemical-vapor deposition," Optics 
Lett. 21(24):2002-2004 (1996). 

Notice of Allowance mailed August 6, 2002, for US Patent No. 6,506,289 (Atty. Docket No. 
09140.0002-0 l ). 

Final Office Action mailed June 9, 2006 in U.S. Appl. No. l l/100,856 (Atty. Docket No. 
09140.0015-01). 

Office Action issued on March 23, 2006, in U.S. Application No. 10/650,461 (Atty. Docket 
No. 09140-0025-00). 

Specification as filed September 2, 2005, for U.S. Appl. No. l l/218,652 (Atty. Docket No. 
09140.0052-00000). 

/Michelle Estrada/ Date 
Considered 

Translation6 
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Ravi B. Mullapudi, San Jose, CA; 
Richard E. Demaray, Portola Valley, CA; 

"'* CONTINUING DATA ************************* 

•• FOREIGN APPLICATIONS ******************** 

CLASS 
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Adtlrea: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Al"'811dria, Vi1girtis 22313-l 4SO 
www:arpto.gov 

CONFIRMATION NO. 6938 

GROUP ART UNIT 
ATTORNEY 

DOCKET NO. 
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10655.0016~00 

IF REQUIRED, FOREIGN FILING LICENSE GRANTED •• SMALL ENTITY** 
** 05/17/2002 

Foreign Priority claimed CJ yes CJ no 
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STATE OR SHEETS TOTAL 
COUNTRY DRAWING CLAIMS CLAIMS 

met Allowance 
CA 27 39 5 !Verified and 

Acknowledaed Examiner's Sianature Initials 

ADDRESS 
122852 

irlTLE 

BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS 

ICJ All Fees I 
ICJ 1.16 Fees (Filing) I 
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101101,863 03/16/2002 Hongmei Zhang 

22852 7590 03/13/2008 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 
901 NEW YORK A VENUE, NW 
WASHINGTON, DC 20001-4413 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

10655.0016-00 6938 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

MAILDATE DELIVERY MODE 

03/13/2008 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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FILING DATE 
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UNITED STATES DEPARTMENT OF COMMERCE 
U.S. Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

FIRST NAMED INVENTOR I 
PATENT IN REEXAMINATION 

ZHANG ET AL. 

ATTORNEY DOCKET NO. 

10655.0016-00 

EXAMINER 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP Michelle Estrada 

901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 ART UNIT I PAPER 

2823 20080304 

DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
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Commissioner for Patents 
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Primary Examiner, Art Unit 2823 
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Application Number 10/101,863 

Filing Date March 16, 2002 

First Named Inventor Hongmei ZHANG 

Art Unit 2823 
Examiner Name Michelle ESTRADA 

Attorney Docket Number 10655.0016-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 

Initials No. 1 

Number-Kind Code
2 

(ff known) 
Publication Date Applicant of Cited -Document Relevant Passages or Relevant 
MM-DD-YYYY Figures Appear 

US-

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

Examiner 
Initials 

Examiner 
Initials 

Examiner 
Signature 

Cite 
No.1 

Cite 
No. 1 

FOREIGN PATENT DOCUMENTS 
Publication Date Name of Patentee or Pages, Columns, Lines, 

Foreign Patent Document MM-DD-YYYY Applicant of Cited Document Where Relevant Passages 
or Relevant Figures 

Country Code3 Number' Kind Code5 
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NONPATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 
(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 

publisher, city and/or country where published. 

Response to Office Action dated November 21, 2007, in U.S. Appl. No. 10/291, 179 (Attorney Docket No. 
9140.0001-00). 

Response to Office Action dated December 5, 2007, in U.S. Application No. 09/903,081 (Attorney Docket 
No. 9140.0014-00). 

Final Office Action dated January 29, 2008, in U.S. Application No. 09/903,081 (Attorney Docket No. 
9140.0014-00). 

Office Action dated January 25, 2008, in U.S. Application No. 11/100,856 (Attorney Docket No. 9140.0015-
01). 

Response to Office Action dated December 18, 2007, in U.S. Application No. 10/954, 182 (Attorney Docket 
No. 9140.0016-01). 

Notice of Allowance dated February 1, 2008, in U.S. Application No. 10/954, 182 (Attorney Docket No. 
9140.0016-01). 

Office Action dated November 16, 2007, in U.S. Application No. 10/650,461 (Attorney Docket No. 
10655.0025-00). 

/Michelle Estrada/ Date 
Considered 

03/04i2008 

Translation6 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 
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Art Unit 
Examiner Name 
Attomay Docket Number 

Complete if Known 

10/650,461 

August27.2003 
DAWES, David 
2883 
DUPUIS, Derek L. 
10655.0025-00 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 

Cite Document Number Issue or Name of Patentee or Pages. Columns. Unes. Where 
No.' 

Number-Kind Code2 
(lknawn) 

. Publlcallon Date Applicant of Cited Document Relevant Passages or Relevant 
MM-00-YYYY Rgures Appear 

Note: Submission of copies of U.S. Patents and published U.S. Patent Appllcatlons Is not required. 

FOREIGN PATENT DOCUMENTS 

Examiner Cite Publlcatlon Date Name of Patentee or Pages, Columns. Unes, Translation• 

1n1t1a1s" No.' Foreign Paten! Document MM-00-YYYY Applcant of Cited DoaJment Where Relevant Passages 
or Relevant Rgures 

Co\lntfY COcle3 Nwmer4 Kind Code5 (If larown) AsiPear 

NON PATENT LITERATURE DOCUMENTS 

Exam In pr Cite Include name of lhe author (In CAPITAL LETTERS), title of the ar11de (\\t\en approprtate), title of the item Translatton° 
Initials No.' (book, magazine, joumal, serial, symposium, catalog, etc.), date, page(s), volume-Issue numbet{s), 

publisher, city and/or country where published. 

/OLD/ Amendment/Ree filed August 9, 2007, In U.S. AppUcation No. 091903,081 (Attomey Docket No. 9140.0014--
00). 

/OLD/ 
Office Action dated September 5, 2007, In U.S. Application No. 09/903,081 (Attomey Docket No. 
9140.0014--00). 

/OLD/ Anal Office Action dated September 7, 2007, In U.S. Application No. 11/100,856 (Attorney Docket No. 
9140.0015-01). 

/OLD/ Response to Anal Office Action filed October 2. 2007, in U.S. Appllcatlon No. 10/101,863 (Attomey Docket 
No. 9140.0016-00). 

/OLD/ Final Office Action dated July 24, 2007, In U.S. Appllcalion No. 10/954, 182 (Attomey Docket No. 
9140.0016-01 ). 

/Derek Dupuis/ 11/12/2007 

EXAMINER: Initial if reference considered, whether or not citation is In conformance with MPEP 609. Draw One through 
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Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This fo hould be used smitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be ompleted where 
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papers. Each additional paper, such as an assiipiment or formal drawing, must 
have its own certificate of mailing or transmission. 
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5!2oo8 CERTIFICATE OF EXPRESS MAILING 
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP I hereby certify that this correspondence is being deposited with the United States 

Postal Service's "Express Mail Post Office to Addressee" service under 37 CFR § 

901 NEW YORK A VENUE, NW I. I 0, in an envelope addressed to: Mail Stop Issue Fee, Commissioner for Patents 

WASHINGTON, DC 20001-4413 P.O. Box 1450, Alexandria, VA 22313-1450 on March 12 2008 

03/14/2008 RKEBRAH1 00000018 060916 10101863 Express Mail~No.: ~M 7306 US 

01 FC:2S01 720.00 DA Signed: ____ «..;;....---'---------
02 FC:1S04 300.00 DA .. Annie Wong 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/JOl,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938 

TITLE OF INVENTION: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS 

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional YES $720 

EXAMINER ART UNIT 

ESTRADA, MICHELLE 2823 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of corresJ>ondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

438-788000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. Ifno name is 
listed, no name will be printed. 

$1020 04/2512008 

Finnegan, Henderson, 

Farabow, Garrett & 
2--------~----
3 Dunner, L.L.P. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.1 I. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

SpringWorks, LLC Minnetonka, Minnesota 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual l:KJ Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

IKJ Issue Fee 
III Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies---------

5. Change in Entity Status (from status indicated above) 

0 a. Appli~t claims SMALL ENTITY status. See 3 7 CFR 1.2 7. 

4b. Payment ofFee(s): (Please first reapply any previously paid Issue fee shown above) 

0 A check is t:nclosed. 

0 Payment by credit card. Form PT0.2038 is attached. and 

IKJThe Director is hereby ~uthorized to charge.IM rc;qpjr.ed fee(s), any deficiency, tl!'"Credi~ any 
overpayment, to Deposit Account Number Ub-V':J 1 b _(enclose an extra copy ofth1s form). 

IKJ b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR J .27(gX2). 

NOTE: Tile Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of e United States ent and Trademark Office. 

Date~~~M_a_r_c_h~1_2_,~2_0_0_8~~~~~-

Registration No. ___ 4_l_, _o_o_s _______ _ 

This collection of information is required by 3 7 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 3 7 CFR I .I 4. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
subautting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P .0. Box 1450, 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENTNO. : 7,378,356B2 
APPLICATIONNO. : 10/101863 
DATED : May 27, 2008 
INVENTOR(S) : Hongmei Zhang et al. 

Page 1 ~f 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

On the title page, item (57), Abstract, penultimate line or 9, insert -- using -- before 
"processes". 

In claim 29, col. 24, line 43, "intermetllic" should read -- intermetallic --. 

In claim 33, column 24, line 52, "claims" should read -- claim--. 

Signed and Sealed this 

Fifth Day of August, 2008 

JONW.DUDAS 
Director of the United States Patent and Trademark Office · 
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PATENT 
Attorney Docket No. 10655.0016-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei ZHANG et al. 

Application No.: 10/101,863 

Filed: March 16, 2002 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: Michelle ESTRADA 
) 
) 
) 
) Confirmation No.: 6938 
) 
) 

REQUEST FOR WITHDRAWAL AS ATTORNEY OR AGENT AND 
CHANGE OF CORRESPONDENCE ADDRESS 

I hereby apply to withdraw myself and the practitioners associated with Customer 

Number 22,852 as attorney or agent for the above-identified patent application. 

The reasons for this request are: The Assignee of Record has requested that this 

application be transferred to another law firm for further prosecution, therefore this request is 

made under the provision of 37 CFR 10.40(b)(4). 

Please change the correspondence address and direct all future correspondence to: 

Haynes & Boone, LLP, USPTO Customer Number 27,683. 

Dated: July 2f , 2009 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By~ 
L c. LarryO'OUrke 

Reg. No. 26,014 
(650) 849-6600 
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Total Files Size (in bytes) 11918 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

ViaEFS-Web 
COMMISSIONER FOR PA TENTS 
P.O. Box 1450 
Alexandria, VA 22313-1450 

POWER OF ATTORNEY TO PROSECUTE APPLIATIONS BEFORE THE USPTO 

Dear Sir: 

I hereby appoint practitioners associated with Haynes and Boone Customer Number 

27683, as my/our attomey(s) or agent(s) to prosecute the applications identified in Attachment 

A, and to transact all business in the United States Patent and Trademark Office connected 

therewith. 

Please recognize or change the correspondence address for the applications listed in 

Attachment A to Customer Number 27683. 

SpringWorks, LLC, is the Assignee ofrecord of the entire interest in the applications 

identified in Attachment A by virtue of the assignment recorded in the Reel and Frame numbers 

listed, or for which a copy therefore is attached, in Attachment A. 

SPRINGWORKS, LLC 

By: . 

N~l~A.~ 
Title: i2e ( e \\{~ · 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Power of Attorney 1 1 

Assignee showing of ownership per 37 CFR 3.73(b). 2 4 

Warnings: 

Information: 

298818 

2 Change of Address 43668_ 17 _COA.pdf no 2 
93b76369c0b54a23b201 bfd7181 Ofc3dfbfb 

e4b5 

Warnings: 

Information: 

Total Files Size (in bytes) 780912 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATION NUMBER 

10/101,863 

27683 
HAYNES AND BOONE, LLP 
IP Section 
2323 Victory Avenue 
Suite 700 
Dallas, TX 75219 

FILING OR 3 71 (C) DATE 

03/16/2002 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Hongmei Zhang 43668.17 
CONFIRMATION NO. 6938 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!1]~~1~~1~~1~~1~ ~I~~~ ~I] 11111111111111111111111 

Date Mailed: 12/10/2009 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/02/2009. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/mnguyen/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/101,863 03/16/2002 

22852 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Hongmei Zhang 43668.17 
CONFIRMATION NO. 6938 

POWER OF ATTORNEY NOTICE 
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 111111111111111111111111]~!1]~~1~~1~~1~~1~ ~1~~H] 11111111111111111111111 
901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 

Date Mailed: 12/10/2009 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/02/2009. 

•The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/mnguyen/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 37l(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID 

10/101,863 03/16/2002 Hongmei Zhang 48604.18 

Acknowledgement of Change to Small Entity Status 

The entity status change request below filed through Private PAIR on 08/06/2019 has been accepted. 

CERTIFICATIONS: 

Change of Entity Status: 

X Applicant asserting small entity status. See 37 CFR 1.27. 
NOIB: If the application was previously under micro entity status, checking this box will be taken to be a notification of 
loss of entitlement to micro entity status. 

93175 

This portion must be completed by the signatory or signatories making the entity status change in accordance 
with 37 CFR 1.4( d)( 4). 

Signature: !Gary Edwards/ 

Name: Gary Edwards 

Registration Number: 41008 
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