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Customer Number 22,852 

Attorney Docket No. 9140.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 · 

Prior Application Art Unit: 2823 Prior Application Examiner: ESTRADA, Michelle 
SIR: This is a request for filing a 

0 Continuation 0 Continuation-in-Part [2J Divisional Application under 37 C.F.R. § l .53(b) of pending prior Application No. 10/101,863 filed March 16, 2002, ofHongmei ZHANG, Mukundan NARASINHAN, Ravi B. MULLAPUDI, and Richard E. DEMARAY for BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS. 

1. 

2. 

3. 

Enclosed is a complete copy of the prior application including the oath or Declaration and drawings, if any, as originally filed. I hereby verify that the attached papers are a true copy of prior Application No. 10/101,863 as originally filed on March 16, 2002, which is incorporated herein by reference. 
A Preliminary Amendment is enclosed. 

The filing fee is calculated on the basis of the claims existing in the prior application as amended in the Preliminary Amendment filed herewith. 
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Basic Utility Application Filing Fee $300 $ 300.00 
Search Fee $500 500.00 
Examination Fee $200 200.00 

Number of Claims Basic Extra 
Total Claims 7 - 20 0 x $ 50 0 
Independent Claims 2 - 3 0 x $200 0 
LJ Presentation of Multiple Dep. Claim(s) +$360 0 
Total Application Pages If over 100 pages, add $250 for 
(specification, drawings, and printed 66 each additional 50 pages or 0 sequence or computer listing) fraction thereof. 
Subtotal 

$ 1,000.00 
Reduction by 1/2 if small entity - 0 
TOTAL APPLICATION FILING FEE $ 1,000.00 

4. ~ The Commissioner is hereby authorized to charge the fee of$1,000.00 to Deposit Account No. 06-0916. 

5. ~ The Commissioner is hereby authorized to charge any fees which may be required including fees due under 37 C.F.R. § 1.16 and any other fees due under 37 C.F.R. § 1.17, or credit any overpayment during the pend ency of this application to 
Deposit Account No. 06-0916. 

6. [2J The prior application is assigned ofrecord to: Symmorphix, Inc. 

7. [2J The power of attorney in the prior application is to FINNEGAN, HENDERSON, 
FARABOW, GARRETT & DUNNER, L.L.P., Customer No. 22,852 

8. [g]. Since the power does not appear in the original declaration, a copy of the power in the prior application is enclosed. 

9. ~ Please address all correspondence to FINNEGAN, HENDERSON, FARABOW, GARRETT and DUNNER, L.L.P., Customer Number 22,852. 

10. ~ Also enclosed are an Information Disclosure Statement, Form PTO/SB/08, and one cited reference. 
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PETITION FOR EXTENSION. If any extension of time is necessary for the filing of this 
application, including any extension in parent Application No. 10/101,863, filed March 16, 2002, 
for the purpose of maintaining copendency betWeen the parent application and this application, 
and such extension has not otherwise been requested, such an extension is hereby requested, and 
the Commissioner is authorized to charge necessary fees for such an extension to our Deposit 
Account No. 06-0916. A duplicate copy of this paper is enclosed for use in charging the deposit 
account. 

Dated: September 16, 2005 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & DUNNER L.L.P. 

901 New York Avenue, N.W. 
Washington, D.C. 20001-4413 
(650) 849-6622 

EXPRESS MAIL LABEL NO. 
EV 708643040 US 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & D R, L.L.P. 
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Biased Pulse DC Reactive Sputtering of Oxide Films 

1. Field of the Invention 

Hongmei 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, ~d 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, ver)r 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 diflerence in refractive index, ~n, between ~he regions. Particularly for passiye 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 s_uch 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 
ofrequiring 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 efoctrode coupled to an RF power supply. A substrate m~mnted 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 

-3-
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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, N1, 02, 
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 compo~ition and flow rate of the process gasses, the p~wer 
supplied to the target and the substrate, and the temperature of the substrate. For example, the 
index ofrefraction 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 IA and 
lB. 

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

-4-
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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 presei:it 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 fu:riction 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] Figur~ 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. 

[003~] 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 calcul~tion of the planarizati.on time for a particular deposition 
process. 

[0037] Figures 23 through 25 through illus.trate 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 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 ~c 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. 091903,050 (the '050 
application) by Demaray etal., entitled "Planar Optical Devices and Methods for Their 
Manufacture," assigned to the same assignee as is the pres.ent 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 Docke! 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 

-7-

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 14 of 473



· .. ~ 

.. ·.• 

.1 

·1 

·l -I 
'I 

I I 
! 

I 
I 

M-12245 US 

852923 vi 

.) 

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 vacui.lm transport chamber. These Komatsu reactors can be modified such that 

pulsed DC power is Supplied to the target arid RF power is supplied to the substrate during 

deposition of a material film. 

[0050) Apparatus I 0 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 

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

Substrate 16 is capacitively coup~ed 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 pow~r 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 d.imension 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 chamb.er· 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 A.KT 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 unifonnity. 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 Figlire 2 indicates the area below which both physically and chemically 
uniform deposition can be achieved, where physical and chemical unifonnity provide refractive 
index uniformity, for example. Figure 2 indicates that region 52 of target 12 that provides 
thfokness 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 IA 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 ~uch as, for 

example, combinations of Al aIJ.d 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 fom1ed, 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 30mounted on a cooled backplate 25. In order to form 

a wide area target of an alloy target material, the cop.solidated 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 
-10-
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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), (50/501010), (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, th~ 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 iii 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 cari be chemically 

uniform and of uniform thickness over an extended area. 

[0064] Target 12 can be a c9mposite 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 surfa¢e. 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 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 nonunifomuty 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 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 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. lA, 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 re~;ulting 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 b.e added to the sputtering gas. Other gasses such 

as N1, 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 rnillitorr. 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 pbase 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 distance d, 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 
-13-
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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 1s 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 materiai is deposite.d 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 etal. (J. Vac. Sci. Technol.12., 1105 (1978)). When power is applied to the subsj:rate, 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 pla$ma 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 :chm; 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 SOOC. 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 po~er 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 la ye~ is formed. Operating in the poison mode results 

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

pulsing frequency range fQrpower 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. P,ower 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 ofrefractioh 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 of ~.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 1 O 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 of 2.3 micro seconds. The Argon gas flow 

was set ~t 60 seem a,nd 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 dU.ring 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 co11dition 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 I 0. 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, ;:illowing charge neutralization of the sU.rface of target 12, increasing the 

steady state sputter and deposition rates as well as decreasing the rate of micro-arcing. 
-17-
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(0088) 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 stoicheo'inetry 

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 c9ndition 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 substantfally 

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 ()Il 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 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 concentratfon 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 refraqtion 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 pgwer, frequency, and reverse pulsing time. In 

step 408, then, a filni 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. 

-19-

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 26 of 473



I 

.. ; 
; 

M-12245 US 

852923 vi 

[0095] Figure 9 shows a chart of various deposition parameters according to the present 

invention for various embodiments of target 12 and the indices ofrefraction, 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 oh 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_ l 0 shows the dependence of the index of refraction of silica layers deposited 

according to the present invention with process conditions. Figure 11 shows th.e 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 ca:n be utilized to adjust the index ofre:fraction 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 ofre:fraction 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 ofrefraction 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 subs~rate 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 depqsited film 1601 show that the film is ammorphous through the 

thickness of the ~lm. The diffraction patterns of Figures 19B, 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 prisni 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 c:<xample 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 ofreverse 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 1801and1802 is 11.4 µm. Waveguide structures 1801and1802 

are 8.20 µm high waveguides ~d 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, 

inregion 1901, will be angled from the hori~ontal 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 8. 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. 

[Oi 05] The time for planarization can be estimated as 

w . 
-tana+H 

' t p = -=----
amin 

a ---
flat COS<X 

where Wis the width of structure 2201, His the height of structure 2201, aaat 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 ci 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 l:>ias 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 corners 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 OJ 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. w afer·bowing of substrate 16 can be reduced, reducing the stress in a film 

deposited on substrat~ 16, by, for example, depositing a film. on the backside Qf 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 l(i 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, 4L4 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 120K.Hz 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 lOOW 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 transitioft 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 irt the metallic mode. Then target is then 

conditioned in poison mode with the oxygen flow mu.ch higher thari the flow required at the 

transition region. 

[0115) Tables IA 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 (KHzJ Pulsing (532nrn) 
(KW) Time (us) 
6 30/42 200 2.3 0 1973 1.5142 
6 30/36 200 2.3 0 2358 1.5215 
6 60130 200 2.3 0 3I57 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 .I6 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) PUum 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 

substr(fte I 6 is varied. 
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Table lC 

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) ·PUum Index 
Pulsing 
Time (us) 

(532nm) 

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 run 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 Alumina-Silicate film was deposited onto a 6 inch wafer of substrate 16 which 

. includes a 10 µm thick thermal oxide substrate, which can be purcha5ed 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 substr.ate 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 pattemcan 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 abouf3.7%. 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 1 Ocm 

. and the width was about 1.5 to 8 ~tm. 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 

b.oth 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 '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 µrn for the active ~ore 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 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 µm. The amplifier formed.by this process is then annealed at 

725° C for about 30 min. 

[0127] The as-deposited Erbiwn 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 pfilameter &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·ofthis 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 ~bout 30min before deposition. 

(0131) The active core film was deposited onto a 6 inch thermal oxide wafer, which has b<;:len 

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

lO. l 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 Is measurements for the deposited active 

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

EXAMPLES 

[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 burn 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 result& 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 rec.ondition 

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

mode to condition target 12. The burn 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. · 

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.% AI, 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. Tab.le 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 PUum · 
(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 l532nm)/um 

72! 3 7000 

771 3 7000 

800 • 7500 

82t 4.i 8560 

850 5.8 10000 

.900 6.9 1700( 

[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 frequency120KRz, bias 1oow; reverse time 2.3us, Argon and Oxygen flow are 60 seem 

and 30sccm respectively. The active core thickness is deposited to a thickness about L2µm, 

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

deposition. A straight waveguide pattern i~ then formed by standard photolithography 

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

cleaning. Next, a 10µ.m 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 obseryed from this waveguide since the passive loss was foo 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 

K.J+z, 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 flow rates was set at 20 

seem while the 02 flow rate was varied between about 5 and about 20 seem and the N2 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 vaned. 

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 ab-out 60 kHz and 200 kHz. The reverse time was set at 2.5 µs. 

A~ain, no bias power was supplied to substrate 16. The 0 2 flow rat_e was varied from about 20 

to about 35 seem, with particular de_positions 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 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 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 aeposition. 

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 ex.emplary 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 opposit~ the target; 

providing process gas between the target arid the sub~trate, 

wherein th_e filter protects a pulsed DC power supply :froin the bias power. 

2. The method bf 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 freq~ency of between 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 I, wherein the film is an upper cladding layer of a waveguide s~cture 
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 ofrefraction 
of the film. 

10. The method of Claim 8, wher~in 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 ofClaim 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 Cfaim ~·further including depositing a film on the backside of target 12. 

15. 

16. 

17. 

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. 

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

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; 

prepanng 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 refract.ion of the film. 

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

in order to adjust the index pfrefraction of the film. 
·. 

24. The me~od 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 concentratic:n ofrare-earth ions opposite the substrate; 

sup~lying process. gas between the target and the substrate; 

applying pulsed DC power thro~gh a filter to the target to deposit a film; 

· patterning the :J?:lm to form a core; 

depositing an uppercladding layer over t~e 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 Clrum 25, wherein providing a target includes providing a target having a 

concentration of up to about 5 cat. %ofrare earth ions. 
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28. The method of Claim 27, wherein providing a target includes providing a target of Al arid 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 inclu'des 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 lh:e magnet extends beyond the target in a second 

direction perpendicularto 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 re~ctor for sputtering of oxide films is presented. The biased pulse 

DC reactor couples pulseciDC 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 th~ index of 

refraction. Optical components such as waveguide amplifiers and multiplexers can be (abricated 

using processes performed on a reactor according to the present inention . 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140.0016 
. (fonnerlyM-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 

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 hereo£ 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, 

FARA.BOW, 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. 26,69i; C.Larry O'Rourke, Reg. No. 26,014; Albert J. 

·Santorelli, Reg. No. 22,61 O; M.ichael 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; Jam~s 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; ChristopherP. Isaac, Reg. No. 32,616; Bryan C. 

Diner, Reg. No. 32,409; M. Paul Barker, Reg. No. 32,013; Andrew Chariho 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. Panitch, 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. N(). 

36,743; MichaelR. Kelly, Reg. No. 33, 921; James B. Monroe, Reg. No. 33,971; Doris Johnson 

Hiries, 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. Warnement, 

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. Laveriue; Reg. No. 46,859; Christine E. Lehman, Reg. ~o. 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(n.J l ~ 

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 Technical Officer 
Symmorphix, Inc. 
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. -u.s: DEPARTMENT Of COMMERCE •. 
- :~ATENi- AND TRADEMARK OFFICE 
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09/2-1/2905 F"ETEKI1 00000020 060916 . 11228834 

01 FC:1011 ·300.00 DA 
· 02 FC:UU 500.00 DA 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: Not Yet Assigned 

Filed: September 16, 2005 

For: 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: Not Yet Assigned 
) 
) Examiner: Not Yet Assigned 
) 
) 
) 
) Confirmation No.: Not Yet Assigned 
) 

PRELIMINARY AMENDMENT 

Please amend the above-identified patent application as follows: 

Amendments to the Specification are included in this paper. 

Amendments to the Claims are reflected in the listing of claims in this paper. 

1 
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AMENDMENTS TO THE SPECIFICATION: 

Please amend this application on page 1, line 1, by inserting the following new 

paragraph: 

This is a division of Application No. 10/101,863, filed March 16, 2002, which is 

incorporated herein by reference. 

2 
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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.-14. (Canceled) 

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

surface area of the substrate. 

17. (Original) The reactor of Claim 15, further including a scanning magnet which provides 

uniform erosion of the target. 

18. (Original) 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. Original) The reactor of Claim 18, wherein the magnet extends beyond the target in the 

second direction. 

20.-37. (Canceled) 

38. (Original) A sputtering apparatus, comprising: 

means for providing pulsed DC power to a target; and 

means for providing bias power to a substrate. 

39. (Original) The apparatus of Claim 38, further including 

3 
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means for providing process gas between the target and the substrate. 

4 
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REMARKS 

The application has been amended to insert the required reference to the parent 

applications, for which benefit is claimed, of this new divisional application. 

Applicants herein choose to prosecute Group II claims, claims 15-19 and 38-39, from the 

Restriction Requirement mailed in the parent application on October 2, 2003. Claims 1-14 and 

20-37 have been canceled. No new matter has been added. 

Please grant any extensions of time required to enter this paper and charge any additional 

required fees to our deposit account 06-0916. 

Dated: September 16, 2005 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER L.L.P. 

901 New York Avenue, N.W. 
Washington, D.C. 20001-4413 
(650) 849-6622 

EXPRESS MAIL LABEL NO. 
EV 708643040 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:vbfiJ{~ 
Reg. No. 41,008 

5 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: Not Yet Assigned 

Filed: September 16, 2005 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: Not Yet Assigned 
) 
) Examiner: Not Yet Assigned 
) 
) 
) 
) Confirmation No.: Not Yet Assigned 
) 

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 within three months of the filing date of the above-referenced application. 

A copy of one of the references is enclosed. 

The listed documents are of record in prior application no. 10/101,863, filing date March 

16, 2002, upon which applicants rely for the benefits provided in 35 U.S.C. § 120, and 

accordingly copies 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 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 fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Dated: September 16, 2005 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER L.L.P. 

901 New York Avenue, N.W. 
Washington, D.C. 20001-4413 
( 650) 849-6622 

EXPRESS MAIL LABEL NO. 
EV 708643040 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~t!:f 
Reg. No. 41,008 

-2-
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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 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 104 of 473



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: September 30, 2005 

EXPRESS MAIL LABEL NO. 
EV 708642472 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By:~Jw~ 
Reg. No. 41,008 

-2-
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IDS Form PTO/SB/08: Substitute for form 1449N 

INFORMATION DISCL 
STATEMENT BY APPL 

(Use as many sheets as necessary) 

Sheet of 

pp/ication Number 
iling Date 

Art Unit 
Examiner Name 

Attorney Docket Number 

Complete if Known 
11/228,834 

September 16, 2005 

ZHANG, Hongmei 

Not Yet Assigned 

Not Yet Assigned 

9140.0016-02 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examin!;r Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 

No.1 Initials 
Number-Kind Code2 

(if known) 
Publication Date Applicant of Cited Document Relevant Passages or Relevant 
MM-DD-YYYY Figures Appear 

5,478,456 12-26-1995 Humpal et al. 

6,846, 765 B2 01-25-2005 Imamura et al. 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

FOREIGN PATENT DOCUMENTS 
Examiner Cite Publication Date Name of Patentee or Pages, Columns, Lines, Translation6 

Initials' No.1 
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 

Examin~r 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 on August 4, 2005, in U.S. Serial No. 10/101,863 (Attorney 
Docket No. 09140-0016-00). 
Office Action issued on August 8, 2005 in U.S. Serial No. 10/101,341 (Attorney Docket 
No. 09140-0017-00). 

EXPRESS MAIL LABEL NO. 
EV 708642472 US 

I Examiner ~ignature 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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8 UNITED STATES PATENT AND TRADEMARK OFFICE 

Page I of 2 

UNITED STATES DEPARTMENT OF COMMERCE 
Uuited State• Patent and Trademark Office 
Addr .. s: CC>M.MISSIONJ::R f'OR PATl!:N1'S 

P.O. B<>x 14$0 
Al""'1ndrio, Vugiulo 22313-14~0 
WWV\.'.Uflp10.gi>'J' 

APPLICATION NUMBER FILINGOR371 (c)DATE FIRST NAMED APPLICANT A TIORNEY DOCKET NUMBER 

11/228,834 0911612005 Hongmei Zhang 

22852 
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 
901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 

9140.0016-02 

CONFIRMATION NO. 9006 

FORMALITIES 
LEITER 

Date Mailed: 10/11 /2005 

NOTICE TO FILE CORRECTED APPLICAJ"ION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application is informal since it 
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from 
the date of this Notice within which to correct the informalities indicated below. 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 required item(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings 
submitted are not acceptable because: 

• The drawings must be reasonably free from erasures and must be free from 
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 7, 8, 14, 
15, 17, & 33. 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

Items Required To Avoid Processing Delavs: 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A new oath or declaration, identifying this application number is required. The oath or declaration does not 
comply with 37 CFR 1.63 in that it: 

• does not state whether the inventor is a sole or joint inventor. 
• does not state that the person making the oath or declaration has reviewed and understands the contents 

of the specification, including the claims, as amended by any amendment specifically referred to in the oath 
or declaration. 

Replies should be mailed to: Mail Stop Missing Parts 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 

A copy of this notice MUST be returned with the reply. 

Office of Initial Patent Examination (571) 272-4000, or 1-800-PT0-9199, or 1-800-972-6382 
PART 3 - OFFICE COPY 
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i UNITED STATES PATENT AND TRADEM'ARK OFFICE 

Page I of 2 

UNITED STATES DEPARTMENT OF COMMERCE 
UnitC>d States Pat .. ut and Trademark Clltice 
Address: COM.MJSSIONEH FOR PATENTS 

P.O. Box 1450 
Aloocandci>t, VU¥iJU. 22313-14~0 
W\\'l\'.Ufj)10.gi>11' 

APPLICATION NUMBER FILING OR 371 (c) DA TE FIRST NAMED APPLICANT I ATTORNEY DOCKET NUMBER 

111228,834 0911612005 Hongmei Zhang 

22852 
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 
901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 

9140.0016-02 

CONFIRMATION NO. 9006 

FORMALITIES 
LETTER 

Date Mailed: 10/11/2005 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application is informal since it 
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from · 
the date of this Notice within which to correct the informalities indicated below. 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 required item(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings 
submitted are not acceptable because: 

• The drawings must be reasonably free from erasures and must be free from 
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 7, 8, 14, 
15, 17, & 33. 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

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. 

• A new oath or declaration, identifying this application number is required. The oath or declaration does not 
comply with 37 CFR 1.63 in that it: 

• does not state whether the inventor is a sole or joint inventor. 
• does not state that the person making the oath or declaration has reviewed and understands the contents 

of the specification, including the claims, as amended by any amendment specifically referred to in the oath 
or declaration. 

Replies should be mailed to: Mail Stop Missing Parts 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 

A copy of this notice MUST be returned with the reply. 

Office of Initial Patent Examination (571) 272-4000, or 1-800-PT0-9199, or 1-800-972-6382 
PART 2 ~COPY TO BE RETURNED WITH RESPONSE 
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Nt'W '> R 100~ ~ 

\~~ 
PATENT 

Customer No. 22,852 
Attorney Docket No. 9140.0016-02 

IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 11/228,834 

Filed: September 16, 2005 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP MISSING PARTS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 1753 
) 
) Examiner: Not Yet Assigned 
) 
) 
) Confirmation No.: 9006 
) 
) 

RESPONSE TO NOTICE TO FILE 
CORRECTED APPLICATION PAPERS 

In response to the communication of October 11, 2005, Applicants submit twenty-seven 

(27) sheets ofreplacement drawings (Figs. lA-lB, 2-15, 16A-l 6D, and 17-33), copy of the 

Declaration and Power of Attorney from corresponding U.S. Patent Application No. 10/101,863, and a 

copy of the Notice of To File Corrected Application Papers. 

Please grant any extensions of time required to enter this response, and charge any 

required fees to our deposit account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & R, L.L.P. 

Dated: November 28, 2005 

EXPRESS MAIL LABEL NO. 
EV 678997735 US 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 11/228,834 

Filed: September 16, 2005 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP MISSING PARTS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 1753 
) 
) Examiner: Not Yet Assigned 
) 
) Confirmation No.: 9006 
) 
) 
) 

SECOND 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 on the merits for 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. 

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 
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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: November 28, 2005 

EXPRESS MAIL LABEL NO. 
EV 678997735 US 

-2-
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Application Number 11/228,834 

Filing Date September 16, 2005 

First Named Inventor ZHANG, Hongmei 

Art Unit 1753 
(Use as many sheets as necessary) Examiner Name Not Yet Assigned 

of Attorney Docket Number 9140.0016-02 

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 

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required. 

FOREIGN PATENT DOCUMENTS 
Examiner Cite Publication Date Name of Patentee or Pages, Columns, Lines, 

Initials' No.1 
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 

Examin!!!r Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 
Initials No.1 (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 

publisher, city and/or country where published. 

Office Action issued September 21, 2005 in U.S. Application No. 11/100,856 (Attorney 
Docket No. 09140.0015-01 ). 
Office Action issued on October 25, 2005, in U.S. Appl. No. 10/954, 182 (Attorney 
Docket No. 09140-0016-01000). 
Office Action issued on October 3, 2005 in U.S. Application No. 10/650,461 (Attorney 
Docket No. 09140-0025-00). 

EXPRESS MAIL LABEL NO. 
EV 678997735 US 

I Examiner 
Signature 

I Date 
Considered 

Translation" 

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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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 11/228,834 

Filed: September 16, 2005 

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: 1753 
) 
) Examiner: MCDONALD, Rodney Glenn 
) 
) 
) Confirmation No.: 9006 
) 
) 

THIRD 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 on the merits for 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 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 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: November 7, 2006 

EXPRESS MAIL LABEL NO. 
EV 746095967 US 

-2-
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Response to Office Action filed on October 17, 2005 in U.S. Application No. 
10/291,179 (Atty. Docket No. 09140.0001-00). 
Final Office Action issued on December 14, 2005 in U.S. Application No. 
10/291,179 (Atty. Docket No. 09140.0001-00). 
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). 
Response to Office Action filed July 27, 2006, in U.S. Appl. No. 10/291,179 
(Atty. Docket No. 9140.0001-00). 
Final Office Action dated October 12, 2006, in U.S. Application No. 10,291, 179 
(Attorney Docket No. 9140.0001-00). 
Response to Final Office Action mailed November 3, 2006, in U.S. Application 
No. 10,291,179 (Attorney Docket No. 9140.0001-00). 
Office Action issued November 28, 2001, for US Patent No. 6,506,289 (Atty. 
Docket No. 09140.0002-01 ). 
Response to Office Action filed February 20, 2002, for US Patent No. 
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Office Action issued April 17, 2002, for US Patent No. 6,506,289 (Atty. Docket 
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(Atty. Docket No. 09140.0002-01 ). 
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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 
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NOVELTY - 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( 10) is composed of a support plate(l Oa) combined with a crankshaft 
with pressing and fitting a ring gear(l 1); a coverplate(lOb) fixed to the support plate and bent to 
form the storage space; an insert plate(l Oc) fastened inside the cover plate; and a friction piate(l Od) 
contacted to the insert plate and inserted to the cover plate to receive clamping load from a clutch 
plate in operating the clutch. The durability is improved by preventing crack from burst force in the 
flywheel and radiating friction heat from clamping load. 
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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 
~ recording layer (5), having a melting point Tmp is sandwiched between a first (3) and a second (7) dielectric layer. A crystallization· 

accelerating 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 T ms at least 250 °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). 
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Optical recordhlg 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 T mp 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 cryst~line 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. 

10 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 Risc+RW, 

where RW refers to the rewritability of such discs, and Digital Video Recording optical 

storage discs, where red and blue refer to the used laser wavelength. For these new discs the 

15 complete erasure time (CE1) 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 GB 

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 oflayers 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 of layers 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 _the medium by 

means of a laser-light beam. 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 for at least 103 recording and erasing cycles. 

This object is achieved in accordance \\'.ith 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 

5 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 T mp for a recording layer with a T mp of S S0°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 Tmg of the G-layer has to be above this 

maximum 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, taking into consideration a 

safety margin. 

Preferred materials, which may be used as. 0-layer, are Pb Te, Agi Te, CrTe, Ge 

and Si. 

In an embodiment of the recording medium the 0-layer is arranged between 

20 the recording layer and the second dielectric layer. The thickness of the 0-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 0-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 Omn, 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 

manufactwing 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 Qa lnb She Ted (in atomic percentages), 

15 wherein Q is selected .from the group consisting of Ag and Ge; 

25a:S9 

0<b:S6 

. 55 :Sc :S 80 

16 :S d :S 30; a+ b + c + d = 100. 

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 fonnula 

GesoxSb4CHOx Te60-1ox (in atomic percentages), wherein 0.166 :S x :S 0.444; 

the recording layer having a thickness of 5 to 3 S nm; 

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 Ge2Sb2Tes (x = 4/9), GeSb2Te4 (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)20. The layers may alternatively be made of Si02, Ti02, Ta20s, 

ZnS, AlN and/or SbN4. The dielectric layer through which the laser light enters the stack 

preferably has a thickness of70 to (70+A/2n) nm wherein n is the refractive index of the first 

dielectric layer and A. is the wavelength of the read/write laser-light beam. If the total 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 171 of 473



WO 01/82297 PCT/EPOl/04028 

6 

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 of a 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 

I 0 smaller than (70+A.12n) run. 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 nm. 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 prefera~ly smaller than 40 nm. 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 perfonnance. 

20 The reflective layer may comprise metals such as Al, Ti, Au, Ni, Cu, Ag and 

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. 

25 Optionally an outermost 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 information 

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 

S 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 permit at least this recording 

velocity. The important parameter is the CET (in ns ), 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 polyole:fin 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 mm 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 formed 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 run 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 nm 

and 20 nm respectively. A crystallization accelerating layer 6, abbreviated as G-Iayer, 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 aluminium 

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 ofGe6.2ln3.2Sb11.1Te19.6, 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 medium 

10 through the substrate 1. This beam is diagrammatically illustrated by means of an arrow 10 in 

Fig. 1. 

In this embodiment, when using Pb Te as G-layer, which has a thickness of 3 

nm, 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 Agi Te, CrTe, Ge or Si. The melting points 

Tmg of bulk PbTe, AgzTe, 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 relati.ve 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 noti.ceable, 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 Ge6.2In3.2Sb11.1 Te19.6 is heated to a 

30 temperature of about 750°C, well above its melting temperature, which is about 550°C. The 

temperature during recording is below the melting temperature of the G-layer 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 Te3, which has a melting point of 618°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 W·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. Ge2Sln 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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CLAIMS: 

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) 

10 

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 

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, AgiTe, 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 1, 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 

10 

the recording layer (5) comprises an alloy of Ge, Sb and Te. 

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 dielectri~ 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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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, ~erein incorporated by 

reference in its entirety. 

Background 

l. 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 sensitive MEMS 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 ooncentration 

issues, that can cause lealcage. Further, asperities in the resulting film can induc;ie 

lifetime dependent defects in nearest neighbor films .that can shorten device lifetimes. 
Additionally, the brightness of the emergent light from the OLEO 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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problelilS, 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 fonnation, 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 traraparency. 

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 smootlmess 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 IA and IB 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 IA 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 S 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 o""-ygen flow. 

(0019] Figure 7 shows the thickness change in layers of ITO according to . 

embodiments of the present invention as a function of oxygen flow. 

(0020) Figure 8 illustrates the relation.ship between oxygen flow and oxygen 

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. 

3 
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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 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 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 ofa reactor apparatus 10 for sputtering material 

from a target 12 according to the present invention. In some embodiments, apparatus 

l 0 may, for example, be adapted from an AKT-1600 PVD (400 X 500 unn 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 co1U1ected 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 ftmctions 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, 

4 
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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, 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 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 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 SOO 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 

s 
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apparatus 10 at a rate up to about 200 seem while the pressure in the chamber of 

apparatus l 0 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 A.KT 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 unifonn deposition can be achieved, for example where 

physical and chemical uniformity provide refractive indeK. 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 coa-tensive. 

[0033) In some embodiments, magnet 20 extends beyond area 52 in one direction, for 

example the Y direction in Figure 2, so that scarming 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 scmined over the entire 

ex.tent 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, 

6 
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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 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 fonn intennetallics. 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 ofnon

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 betw~ adjacent ones 

of tiles 30. The distance between tiles of target 12 and the dark space anode or grolDld 

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 

(0037) 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 ex1ends under the entire target 12. A 

central region 52 of target 12 can experience a condition of uniform sputter erosion. 

As discussed further bel6w, 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 unifonnity 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<>i, 

water vapor, hydrogen, N20, fluorine, helium, and cesium. Additionally, a feedback 

. control system can be incorporated to control the OX')'gen partial pressure in the 

reactive chamber. Therefore, a wide range of ox')' gen 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 plasma53. 

[0039) In some embodiments, transparent conductive oxides c.an 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 colunm of Table I are in the format (pulsed DC 

power/RF bias power/pulsing frequency/reverse time/deposition time/ Ar flow 

(sccms)/Ch 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. i'0/101,863 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 
of the separate depositions, each defined by a "Slot,. number in the first cohmm, the 

target voltage, and target current ranges 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 nwnber 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 unifonnity of each of 

the films deposited by the indicated process is indicated in the fifth and sb...1h coluums. 

The bulk resistance of selected ones of the films, p, is also ipdicated. Additionally, 

the refractive index taken at 632 nm 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 this · 

particular oxygen :flow and the film rouglmess 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 rouglmess 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 d~cribed 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 smootlmess 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 function 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 I and 2. 

(0044) Figure 5 shows the variation of the sheet resistance of an ITO film as 

function of the Q2. 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. This 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 function of 

oxygen flow rate in seem The thiclmess of the film increases as the oxygen flow 

decreases but this could make opaque metallic films and so choosing the correct 

0:11."}'gen flow and utilizing an oxygen flow feedbaclc control system to control material 

characteristics such as, for example, transparency or conductivity can be desirable. 

(0047) In some embodiments. instead of O~"}'gen flow rate, oxygen partial pressure 

can be controlled with a feedback system 20 (see Ff gure lA). 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 feedbaclc 

loop controller 20 that controls the oxygen flow in order to maintain a desired partial 

pressure of 0:11.-ygen in the plasma Such a controller can be the mESS system. that 
can be purchased from Advanced Energy, Inc., Ft Collins, Colorado. It has been 

10 
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found that film parameters such as resistivity, smootJmess, 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 of a 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 9A through 9D 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 SCCIIl Di and 60 

seem Ar at a temperature of 280 °C. The layer grew to a thickness of 1200 A in l 00 

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 RMs of 21 

. nm. 

[0050) The ITO film shown in Figure 9B was deposited using 3 kW RF power, 

300 W bias, 3 seem Oz 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 of39 ohms/sq. The roughness illustrated in Figure 9B 

is characterized by an Ra=l.1 run and Rmax of13 run. 

[0051) The ITO film shown in Figure 9C was deposited using 3 kW RF power, 

300 W bias, 3 seem O:z. 30 seem Ar at a temperature 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 Rmax of 19.8 run. 

(0052) Figure 90 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 I 00 

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 of4.6 nm. 

· 10053] 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 

ntsq for trial# 14 to a high of 12,284 ntsq for trial #1. Careful variation of the 

process parameters, therefore, allow control of sheet resistance over an a1remely 

broad range. Low resistivities can be obtained by adjusting the process parameters for 

uses in devices such as OLEOS 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 cerium, 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 performed. For 

example, transparent conductive oxides according to 1he 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. 

10057) 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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Claims 

We claim: 

1. A method of forming a transparent conductive oxide film. comprising: 

depositing the transparent conductive oxide film in a pulsed DC reactive ion 

process wi1h 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 claim 1, wherein controlling at least one process parameter includes 

controlling the o-,..')'gen partial pressure. 

3. The method of claim 1, wherein the transparent conductive oxide film includes 

indiuim-tin oxide. 

4. The method of claim I, wherein the at least one characteristic includes sheet 

resistance. 

S. The method of claim I, wherein the at least one characteristic includes film 

roughness. 

6. The method of cJaim 5, wherein the transparent conductive oxide film includes an 
indium-tin oxide film and the film roughness is characterized by R. less than about 10 

nm with Rms ofless 1han about 20 nm 

7. The method of claim 4, wherein the bulk resistance can be varied between about 

2x104 micro-oJuns-cm to about 0.1 micro-ohms-cm 

8. The method of claim 1, 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 claim 1, 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 1, further including supplying a metallic target. 

18 
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14. The method of claim l, :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 detennined 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 pressme. 

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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~ (54) Title: ENERGY CONVERSION AND STORAGE foll.MS AND DEVICES BY PHYSICAL VAPOR DEPOSl'nON OFTI
..-4 TANTUM AND TITANlUM OXIDES AND SUB-OXIDES ...._ 
~ . O (57) Ahlllrad: High density oxide films are deposited by a pulsed-DC, biased reactive spullcring process from a titanium containing 
O 1arge1 10 form high quali1y 1itanium containing oxide films. A method of forming a titanium based layer or film according to 1hc 
M presenl invention includes deposiling a layer of titanium con1aining oxide by pulsed-DC, biased reactive spullering process on a sub-
0 slr.ite. In some embodiments, the layer is 'nOi. In some embodiment..~. the layer is a sub-oxide of Titanium. ln some embodimcnls, 
> 1he layer is 11,01 wherein xis between about land abou14 and y is between abou1 I and aboul 7. In some embodiment..~. !he layer can 
,_,.. be doped with one or more rare-earth ions. Such layers are useful in energy and charge storage, and energy conversion technologies. 
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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 large 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, Th0:3, which can 

be 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, T40, 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 offabricating 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 cond~ctor 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 100 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 pentoxide can 

be utilized for the capacitor layer. These materials typically have dielectric constants 

k ofless 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 I 00. 

See; e.g., RB. van Dover, "Amorphous Lanthanide-Doped Ti02 Dielectric Films," 
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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 thiclmess. 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, r~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 betwee°: 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 
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embodiments, the protective layer can be a catalytic layer. 

[0012) In some embodiments of the invention, the layer and a Ti<h layer can be 

deposited between conducting layers to form a capacitor with decreased roll-off 

characteristics with decreasing thickness of the Ti(h 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 lB 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 IB. 

[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 M layers 

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 T407 target 

obtained from Ebonex™ and an SEM cross section of the T406.8 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 100/o 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 
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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 AKT4300 (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 I 0 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 AB Pinnacle plus 1 OK 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 O 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 SOOC by introduction of back-side gas in a physical or electrostatic 

clamping of the substrate, thermoMelectric 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 l O 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 AKT 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 

IA and lB, magnet 20 can be scanned over the entire ex.tent of target 12, which is 

larger than region 52 of uniform sputter ero~ion. 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 highlyuhlform. 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 ofln and Sn. Therefore, in some embodiments, 

8 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 222 of 473



--
WO 2004/106582 PCT/US2004/0l4524 

target 12 includes a metallic target material formed from intermetallic compounds of 

optical elements such as S~ 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 in~ermetallics. See U.S. Application 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 0.010" 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 show.n 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, 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 ofrefraction. 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 ofa planar surface. 
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[0046] Figure 3A 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 ofTiOy. 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 I 03 can be a titanium 

or other conducting layer. Layer 103 is deposited on substrate 101. 

[0047] The fabrication of high density capacitor and resistor arrays as well as high 

energy storage solid state devices can be accomplished 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 l 02 can be an amorphous film of Ti02, 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 T~O, 

between a conducting layer of titanium, which is substrate 101, and the dielectric 

Ti~ 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 fabrication 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 102 

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 oftitania 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 photocatytitically 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 T401 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, T40? 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 T40?. An 

example is the catalytic ofH2 and 02 to make water and electricity. 

[00541 In this disclosure, an amorphous coating layer according to embodiments 

of the present invention, derived from a crystalline target ofT4Ch, can obtain a 

similar composition as described above, measured as Ti406.8. 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 Tt2 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 metallic 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 levels 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 of Figure 3B, deposited according to some embodiments of the present 

invention, then can be erbium doped Ti(h and therefore displays very high level of 

breakdown and yery low leakage under electrical stress. Additionally, a capacitor can 

be formed by deposition of conductors as layers 103 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 of Figure lA, 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 fashion. 
I 

[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 oflayers 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] In general, layer 102 can be formed of any TixOy layer or rare earth doped 

TixOy layer according to th~ present invention. As illustrat~d 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 laye.: 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 stnicture 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 

15 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 229 of 473



WO 2004/106582 PCT/US2004/014524 

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, T401 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 

T407 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 Sµs 

depending on the pulsing frequency. Target power was fixed at 2 KW and pulsing 

frequency was 200KHz during deposition, Ar flow rate is 1 OOsccm. The deposition 

rate at this condition is 14.A!sec over a 40 by 50 cm substrate 101. A 100 Wat 2 

1.1Hz 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 101 of 150mm p-type Si wafer. The sheet resistance was measured using 

4 point probe to be 140 ohms/sq, with film thickness of 1.68µm. The resisti~ty 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 2JMHz 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 1.3µs to Sµs depending on the pulsing 

16 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 230 of 473



WO 2004/106582 PCT/US2004/014524 

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 2xl 0·1 Torr. The substrate 

temperature was below 200°C during deposition. 

[0068) A systematic DOE (design of experiments) were carried out on botb n++ 

type bare Si wafers and Al metallized wafers. All n++ wafers were HF cleaned just 

before loading into the chamber for deposition. A series of 150nm 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 O:z 

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 W at 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 T401 layer, and layer 104 is 

Ti02. Figure 7 shows the thickness dependence of the dielectric constant of layer 

102, showing the roll off effect. The capacitance of the layer stack 1O1, 103, 102, and 

104 was measured with a mercury electrode impressed upon layer 104 and coupled to 

layer 103. ,The precise thickness of diel~tric layer 104 was measured optically. The 

dielectric constant of layer 104 was then calculated from the measured capacitance. 

As shown in Figure 7, the Ti02 film thicl"lless decreases, so does the dielectric 

constant of the TiO:z 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-Ti.i07 deposited as layer 102 of Figure 3B. 
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Example 3. Deposition ofTiOa, on Ti-Tio.hi Cx<2) film Stack 

(0072] A layer ofTi02 was deposited on a titanium coated substrate. About 2000 

A of Ti metal was deposited at 7KW ofPDC target power, with Ar flow of 100 seem 

and bias power of200W. After Ti deposition, Ti02 was deposited in the same 

chamber without oxide bum in. This process resulted in a Ti-TiOy -Ti~ (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 Ti407 Ebonex™ 

target (Figure 9A) and an SEM cross section of the T406.8 layer (Figure 9B) 

deposited from the Ebonex™ target according to the present invention. The deposited 

film shows smooth deposition of the layer. The EbonexTM 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 Kim 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 

TiO:z 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 o~n++ 

silicon wafer. Layer 102 is formed ofTi02 deposited according to the present 

invention. As shown in the SEM cross-section, the Ti02 layer shows several layers. 

A layer 1201 is formed ofSi02 formed on substrate 101 and is formed about 20 A 

thick. An amorphous layer 1202 of thickness about 250 A is then formed above l~yer · 

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 tetpperature 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 TI 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 

19 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 233 of 473



WO 2004/l 06582 PCT/US2004/0U524 

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 Vw 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 th~ substrate in an amount sufficient to provide 

continuously amorphous Ti~ films. 

(0081) Figure 13 shows a comparison of the leakage current for Ti~ 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 1 O at. % Er doped TiO target. The target was electrically 
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conductive. One example of the 10% doped film of I 000 A thickness was formed 

with 60 seem AI, 6 seem 02, with a target power of 3 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 lXl 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 I 02 is the erbium doped Ti02 

layer, and layer 20 I 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 Ti~ deposited from a I 0% erbium doped TiO conductive target and a 

photoluminescence signal measured from the same layer after a 30 minute 250 °C 

anneal, respectively. Table m shows similar data for several layers deposited from 

the erbium·doped TiO conductive target. 

Table ill 

. Thickness Before Anneal Anneal (°C) After Anneal 

5000A 6704 150 5809 

5000A 6493 200 4042 

5000A 6669 250 2736 

soooA 6493 300 3983 

I µm 6884 150 6743 

1 µm 5197 200 3685 

1 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 
21 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 235 of 473



WO 2004/106582 PCT/US2004/0U524 

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 ID. 

(0085) As can be seen from the data in Table III, 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 100;;; doped film of2,032 angstroms was 60 seem Ar, 6 seem 0 2, with 

a target power of 3 kW, bias power of l 00 W, with a deposition time of 300 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 1 S dB gain for signals as weak as -40dB at the 1. S 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 (l\1lM) 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 fonn 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. AB such, the invention is limited only by the 

following claims. 
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Claims 

We claim: 

1. 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 greater than 50. 

4. The method of clrum 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. 

10. 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 ljght-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 clai~ 14, wherein the laye~ 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 xis 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 x is 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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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 CUITent collectors, a cathode, an anode, and an electrolyte. The thin films 

can be deposited utiHzing 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 zirconimn), ceramic such as 

alumina, or other material capable of withstanding subsequent high temperature processing in 
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the presence of the LiCoO:z, which can experience significant interfacial reactions with most 

materials utilized in a battery during these temperature cycles. 

[004] Other lithium containing mixed metal oxides besides LiCoOi, 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 transforms 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 incompatJ.ole 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 thermal budget to allow production of fimctional structures on low temperature 

materials such as stainless steel, aluminum, or copper foil. 

[005] It is known that crystallizati.on of amorphous LiCo<JJ on precious metals can 

be achieved. An example of this crystallization is discussed in Kim et al., where a 

conventional furnace anneal at 700°C for 20 minutes of an amorphous layer of LiCoOi on a 

precious metal achieves crystallization of the LiCoOi material, as shown by x-ray diffraction 

data. Kim, Han-Ki and Yoon, Young Soo, "Characteristics of rapid-therm.al-annealed 

LiCoC>i, cathode film for an all-solid·state thin film microbattery," J. Vac. Sci. Techn. A 

22(4), Jul/Aug 2004. In Kim et al., the LiCoC>i 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 
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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 temperatme, 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 LiCo0:2 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 sideion beam or o.ther ion source side-J>y-side with a 

deposition source so as to obtain a region of overlap of the flux of ions with the flux of 

LiCoOi 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 oflow 

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 

distn'butions 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. 
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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 dist:n'bution from two separate front side somces 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 LiCo(h material, onto a substrate. 

SUMMARY 

(011] In accordance with the present invention, deposition ofLiCoOi layers in a 

pulsed-de physical vapor deposition proce.ss is presented. Such a deposition can provide a 

low-temperature, high deposition rate deposition of a crystalline layer of LiCoOi with a 

desired <101> orientation. Some embodiments of the deposition address the need for high 

rate deposition of LiCoO:z 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 LiCoC>i 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 LiCo(h positioned opposite the substrate. In some embodiments, a LiCoO:z layer 

is fonned 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 struc1me 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 LiCo(h layer over the conducting layer in a second chamber of the 

cluster tool; depositing a LiPON layer over the LiCoOi 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 fhin substrate is held when the top portion is attached to the bottom 

portion. 

[016] These and other embodiments of the invention are finther 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 

regardin.8, the deposition or performance of certain layers during deposition processes or in 

the performance of devices incorporating 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 T1!E DRAWINGS 

[017] Figures lA 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 2 shows an example of a target that can be utilized in the reactor 

illustrated in Figures lA and IB. 

[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 LiCo(h film deposited according to embodiments of the present invention. 

[021] Figures SA through SF show SEM photographs of LiCo(h films according to 

some embodiments of the present invention. 

[022] Figure SG shows x-ray diffraction data corresponding to the depositions 

shown in Figures SB-SF. 

[023] Figure 6A illustrates a layer of LiCo(h deposited according to some 

embodiments of the present invention on a thin substrate. 

[024] Figure 6B illustrates a layer of LiCo()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 mount and mask 

arrangement that can be utilized in the deposition of LiCo(h layers deposited according to 

some embodiments of the ~ent invention. 

[026] Figure 8 illustrates a cluster tool that can be utilized. to fonn batteries with 

LiCo(h layers deposited according to some embodiments of the present invention. 
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[027] Figures 9A and 9B illustrate examples of stacked batter structures with 

LiCo(h layers deposited according to some embodiments of the present invention. 

[028] Figures 1 OA through 1 OD illustrate deposition and anneal steps for LiCoOi 

deposited over an iridium layer on a silicon wafer. 

[029] Figures 11A through 1 lD 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 

LiCo(h layers deposited according to the present invention. 

[032] Figures 14A through 14D illustrate several anneal processes utilized with a 

.............. _. _____ ........... LiCo02 film deposited according to embodiments of the present invention. 

[033] Figures lSA and lSB illustrate the effects of ramp-time in a rapid thermal 

anneal of LiCo{}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 fo1D1ed 

utilizing a LiCo(h film according to some embodiments of the present invention. 

[036] In the figures, elements having the same designation have the same or similar 

functions. 

DETAILED DESCRIPTION 

[037] In accordance with embodiments of the present invention, LiCoOi 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(h 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<h films can be 

easily ripened to very high crystalline condition by anneal at about 700 °C for as little as S 

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 descn'bed which has 

been scaled to 400mm X SOOmm for production achieving a LiCoCh 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(h film was deposited utilizing a conductive 

ceramic LiCo(h target as described herein, with pulsed-de power of 4 kW, no bias, with 60 

seem Ar and 20 seem ~ gas flows. A 3000 Angstrom layer of crystalline LiCo<h was 

deposited on a substrate area of 400 X 500 mm. As demonstrated in Figure 16, film 

thickness uniformity was located at about 2S 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 interfemmetry was utilized to measure the film thickness in each location by measuring 

the step height from the substrate to film surface. All 25 thickness measurements 

demonstrated a 3% on~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 µ.m 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 fiJm. 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 substrates 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 LiCoQi layers, but do not deposit crystalline LiCo0.2 layers. 

Surprisingly, depositions according to some embodiment of the present invention, deposit a 

LiCoOz layer with substantial crystallinity readily measured by x-ray diffraction techniques. 

In some embodiments, the crystallinity of the as-deposited LiCoOz layers is sufficient to be 

utilized in a battery structure with no further thermal processing. In some embodiments, 

crystallinity of the as-deposited LiCoOi layers are improved by thermal processes with low 

thermal budgets, which can be compatJ.ole with films deposited on low-temperature 

substrates. 

[043] Further, as-deposited the stoichiometry of some LiCoOz 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 LiCo(h film with 

crystallinity and with sufficient stoichiometry, a battery utilizing as-deposited LiCoOz films 
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can be produced. Heat treating the LiCo(h layers may improve the crystallinity and lower 

the impedance. 

[044] In some embodiments, a crystalline layer ofLiCo(h 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 arm.eat or 

precious-metal layers to crystallize and orient the film. Removing the high temperature 

anneal allows for formation of battery 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 LiC.oO:z layer can be 

deposited on a precious metal la~, such as platinum or iridium, resulting in a further 

significant lowering of the ripening thermal budget required to improve crysta.llinity. 

[045] Deposition of materials by pulsed-DC biased reactive ion deposition is 

descnbed 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 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 descnbed 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 de8cribed 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 AKT-1600 PVD (400 X 500 mm 

substrate size) system from.Applied Komatsu or anAKT-4300 (600 X 720 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 AKT 

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 ID PVD cluster tool made by Symmoiphix, 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 1 O, 

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. 
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(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. 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 S~, Co. 

[051] 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 and allow passage of the pulsed-de power and frequency. 

[052] Pulsed DC deposited films are not fully dense and may have columnar 

structures. Columnar structures can be debimental to thin film applications such as banier 

films and dielectric films, where high density is important, due to the bmmdaries 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 curient, ionic current, gas, or other 

chemical agents such as water. In the case of a solid state battery, a cohmmar 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 

bmmdaries 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 a.cross target 12 at a rate ofless than about 20-30 sec-Jscan. 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 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, 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 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. 
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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 elec1rical, mechanical, 

or optical properties such as index of refraction, stoichiometry, density, transmission, or 

absorptivity. 

[057] Target 12 can be formed of any materials that provide the coirect 

stoichiometry for LiCo02 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 

LiCoOifor deposition of LiCoQi 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 packed array 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 edgo-wise non-contact, tile to tile, less than 

about O.OlO"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 ground shield 19 in Figure lB 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] 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 herein, 

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 

some embodiments, target 12 is substantially planar in order to provide unifonnity 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 LlCoO:z layer deposited according 

to some embodiments of the present invention. As shown in Figure 3, a metallic current 

collection layer 302 is deposited on a substrate 301. In some embodiments, current collection 

layer 302 can be patterned in various ways before deposition of a LlCoQi layer 303. Also 

according to some embodiments, LlCoQi layer 303 can be a deposited crystalline layer. In 

some embodiments of the invention, layer 303 is crystalline without the necessity of a 

crystalUzing heat treatment Therefore, substrate 301 can be a silicon wafer, titanium metal, 

alumina, or other conventional high temperature substrate, but may also be a low temperature 

material 8uch as plastic, glass, or other material which could be susceptible to damage from 

the high temperature crysta11izing heat treatment. 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 LiCoO:z 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] AB further shown in Figure 3, a LiPON layer 304 (LixPOyNZJ) is deposited 

over LiCoOi layer 303. LiPON layer 304 is the electrolyte for battery 300 while LiCoOz 

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 lithium metal. Other materials such as, for example, 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 cmrent collector 302 in order to hold the voltage between 

current collector 306 and cmrent 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 LiCo(h layer 303. Li transport throu&l?- bulk cathode LlCo(h 

layer 303 in a thin film battery occurs by the way of grains or grain boundaries. Without 

being restricted in this disclosme to any particular theory of transport, it is believed that the 

grains with their planes parallel to substmte 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) tacilitate the Li diffusion. Therefore, in order to provide a high-cw:rent battery 
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structure, LiCoO:i 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 

subs1rate 302 with a pulsed-DC biased PVD system as was descdbed above. In addition, an 

AK.T 1600 PVD system can be modified to provide an RF bias, which is available in the 

Phoenix system, and an Advanced 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. A target of densified LiCoQi tiles having a resistivity in the range of about 3 to 

about 10 kn can be utilized with de-sputtering. 

[066] In some embodiments, LiCoO:z 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 applied 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 QVAr ratio as well as 

substrate bias. 

[067] Table I illustrates some example depositions of LiCoQi 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 mn. The dominant crystal orientation appears to be 

sensitive to the Oi/Ar ratio. For certain Oi/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~ film 

was deposited on Si wafer with 2kW of target power, a frequency of 300 kHz, with 60 seem 

Ar and 20 seem of Oi for a substrate with an initial temperature of about 30°C. As shown in 

the XRD analysis of Figure 4A, a strong <101> peak is indicated showing a s1rong 

orientation of LiCoO:i crystals in the desired <101> crystallographic direction. The SEM 

cross section shown in Figure 4B further shows the columnar structure of the film having the 

<101> direction and the grain boundaries of the resulting LiCoO:i 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 corresponds to the 

example deposition Example 1 in Table I. In the deposition of the LiCoOi 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 1.45 µm/hr was achieved over 

the full substrate area of 400 X 500 mm. Further, as is indicated in the cross section shown in 

Figure SA, a <101> orientation of the LiCoOi 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 Li Co~ oxide 

sputter target A target resistance of 10 kOhms 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 

manufiwture of the 3 micron or thicker LiCo~ 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 500 kn 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 kn 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 µmlhr, 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 LiCoO:z layer shown in Figure SB is deposited llllder the conditions 

listed as Example 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 µmlhr. Further, although a <101> crystallinity 

can be discerned, that <101> crystallinity is not as pronounced as that exlu'bited in the 

deposition of the film shown in Figure SA. 

[072] The LiCoO:i 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 seem, and an oxygen flow rate of 8 seem was utilized. The deposition 

rate was about 0.67 µmlhr. Therefore, the application of bias in comparison with the LiCoO,, 

film shown in Figure SB further reduced the deposition rate (from 0.85 µ.m/hr of the example 

shown in Figure SB to 0.67 µm/br of the example shown in Figure SC). Further, the desired 

<101> directionality of formed crystals appears to be further degraded. 

[073] The LiCoQz film shown in Figure SD corresponds to Example 4 in Table I. 

In 1his deposition, the Ar/O:i ratio was increased. A3 is shown in Figure SD, increasing the 

Ar/O,, ratio improves crystallinity. With respect to the example illustrated in Figure SC, the 

deposition illustrated in Figure SD was performed with an argon flow 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(h deposition rate was improved to 0. 79 µm/hr from a rate of 0.67 µm/br illustrated in 

Figure SC. 

[074] In the example deposition illus1rated in Figure SE corresponding to Example 

S 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 fl.ow 

rate was set at about 4 seem. The resulting deposition rate for the LiCoOz 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 LiCoOz deposition rate of about 0.67 µmlhr. 

Therefore, increasing both argon and oxygen flow rate over the deposition illustrated in 

Figure SE resulted in a lower deposition rate. 

[076] Figure SO illustrates XRD data conaponding to Figures SF, SD, SC, SE, and 

SB, ~ectively. As illustrated in Figure 50, as-deposited crystalline LiCo(h is deposited in 

these processes. 

[077] The data show clearly that an as-deposited crystalline film of LiCoO:z 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 fur the process conditions according to embodiments of the present invention. 

[078] Figure 6A illustrates a layer of LiCoO:z 602 deposited on a thin substrate 601 

according to some embodiments of the present invention. Higher lithium-ion mobilities can 

be achieved utilizing crystalline LiCoOz 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., aluminum, 
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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 LiCoO:i layer 602. 

[079] Depositing materials on a thin substrate involves holding and positioning the 

substrate dwing deposition. Figures 7 A, 7B, 7C, and 7D illustrate a reusable fixture 700 for 

holding a thin film substrate. 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 mBSk 

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 7D, fixture 700 and mask 712 can be positioned 

relative to mount 710. Mount 710, for example, can be a susceptor, mount, or an electrostatic 

chuck of a processing chamber such as that shown in Figures lA and 1 B. Fixtme 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 70. 

[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 

substrates 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 LiCo()i 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 LiCoOi deposition performed in chamber 805. The substrate is then removed through 

load lock 803 for an in-air heat treatment external to cluster tool 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 LiCo(h 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 LiCo~ 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 

~bers 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 Figme 9A, a 

substrate 601, which for example can be a plastic substrate, is loaded into load lock 803. A 

conducting layer 603, for example about 2 µm of aluminum, copper, iridium 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 LiCo<h layer 602 is then deposited on conducting layer 603. 

LiCoO? 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 

UPON 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 then be deposited over the first battery stack formed by 

metal layer 603, LiCo02 layer 602, LiPON layer 901, lithium layer 902, and current 

collection conduction layer 903. Over cumm.t collection conducting layer 903, another 

lithium layer 902 is formed. Another LiPON layer 901 is formed over lithium layer 902. 

Another LiCo02 layer 602 is fOimed over Li.PON layer 901 and finally another metal layer 

603 is formed over LiCo02 layer 602. In some embodiments, :further stackings can be 

formed. 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/cwrent collector/LiCo02 .•. /cummt collector. Figure 9B 

illustrates an alternative stacking corre,,ponding to the battery structure current 

collector/LiCo02/LiPON/anode/cmrent collector/LiCo02/LiPON/anode/cmrent collector ... 

/current collector. In this case, a series arrangement battery stacking structure is formed 

because the individual battery stacks share anodes. 

(090] To form 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 fashion. 
• 
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[091] In some embodiments, stoichiometric LiCoOi can be deposited on iridium. 

Figures lOA through 100 illustrate an anneal procedure for Li-Co deposition over an iridium 

layer that has been deposited on a Si wafer. The LiCoCh 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 Ch flow, with no pre-heat for 

7200 sec. As a result, a layer of LiCo(h 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 20 = 18.85° denoting a <003> orient.a.ti.on of 

crystalline LiCo(h, 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> LiCo(h peak indicates that the 

<l 01> LiCo(h peak is nonstoicbiometric LiCo(h. In order to be useful as a battery layer, 

stoichiometric LiCo<h provides for the best Li transport. One of ordinary skill in the art will 

notice that careful adjustment of deposition parameters can provide stoichiometric LiCoOi of 

desired orient.a.ti.on. 

[093] Figure lOB shows an XRD analysis of the sample shown in figure lOA ~er 

a 300°C anneal in air for 2 hours. A3 shown in Figure 1 OB, the XRD peak corresponding to 

<003> LiCoOi grows, indicating crysta.Uization ofLiCoOi into the <003> direction. Further, 

the <101> peak ofLiCoOi shifts slightly to 20 = 38.53°, indicating a more stoichiometric 

crystallization of the <101> LiCo02. However, the crystalline LiCo<h is still not 

stoichiometric after this anneal. 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<h layers with anneal temperatures 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 1 OC, more of the LiCoOi crystalizes 

into the <003> layer. Further, the <101> LiCoOi peak shifts again to 20 = 39.08°, indicating 

crystallization of a <012> layer of LiCoOi. In this case, the <012> LiCo02 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 LiCoOi 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 of700°C in air for 2 hours. As shown in Figure lOD, the <003> LiCoOi peak 

disappears, but the <012> LiCoOi peak remains relatively the same as that shown in the 500° 

anneal illustrated in Figme 1 OC. 

[096] Figures IOA through IOD demonstrate depositionof<tol> LiCoOi at low 

temperature over an iridium layer. Subsequent anneals to 500°C may be desired to change 

the stoichiometry of the <101> LiCoOi 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 subs1rate material. Anneal temperatures ofless than 500°C but greater than 

300°C or lengthening the time oflower temperature ann~ may also re.mlt in desired 

orientations of stoichiometric crystalline LiCoOi. 

[097) Figures l lA through 1 lD illustrate formation of a single-layer battery 

according t.o some embodiments of the present invention. As shown in Figure 1 lA, a lift-off 

layer 1102 can be deposited on a substrate 1101. Further, an iridium layer 1103 can be 

26 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 285 of 473



WO 2006/063308 PCT/US2005/044781 

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.aff layers are well known. Iridium layer 1103 can be from about 500 A or more. 

[098] As shown in Figure 1 lB, a LiCoO.Z 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 LiCo(h 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 LiCoO:i 

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, LiCoO.Z layer 1104, LiPON layer 1105, Li layer 1106, and electrode layer 

1107 can be ''lifted off'' 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 known to have the potential of energy storage of greater than 

about 1 kW-hr/liter. 

[0101] As an alternative to alift.affprocess as described in Figures llA through 

1 lD, a substrate may be removed dwing anneal leaving a single.layer battery. Further, in 

some embodiments, substrate 1101 can be removed by a solvent, etching, or a photo process. 

Further, 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 LiCo(h 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 as-deposited LiCo(h film on 

A}iOJ substrate (Example 32 in Table I). A broad <003> crystalline LiCoO:i peak is 

observed. The remaining peaks in the analysis, which are not labeled in Figure 12A, result 

from the Ah03 substrate. The <003> peak is characteristic of the layered structure in the as

deposited crystalline LiCoO:i 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. A3 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 12J 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 I. 
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(0107] Figures 13A through 13J illustrate rapid thermal anneal processes applied to 

a LiCoO:z layer as in Example 49 of Table I. Jn that example, LiCoOi is deposited on 

al\llllina 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 

Example 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 atmosphere. 

Ramp-up time (room temperature to 700 °C) is 45 sec and ramp-down time (700 °C to about 

300 °C) OCCUITed over 10 min. At 300 °C, the sample is removed from the rapid-thennal

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 described 

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 crystallinityis 

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:z film after the RTA illustrated in 

Figure 13A. Figures 13E and 13F show the granularity of the LiCo°-2 film after the RTA 

illustrated in Figure 13B. As is observed, the granularity shown in Figures 13C and 130 

(which differ in magnification) is better than that shown in Figures 13E and 13F (which also 

differ in magnification). 

[0109] Figures 14A through 140 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 flow of 20 seem.. 

[0110] Figure 14A shows an SEM photo of an as-deposited LiCoOz film according 

to the process illustrated in Example 37 of Table I. Figure 14B shows an SEM photo of 
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LiCo02 film according to the process illustrated in Example 37 of 'Fable I, annealed 

conventionally with a two-hour 700 °C anneal. Figmes 14C and 14D show SEM photos of a 

LiCo~ film according to the process illustrated 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~ fi1m 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 l 4C 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 therm.al-budget RTA process 

allows for deposition of such films on low temperature substrates. 

[0111] Figures lSA and lSB show SEM photos of a LiCoO,. 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 LiCoC>.i film was deposited on an alumina substrate according to 

the process described as Example S 1 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 fi1m shown in 

Figure 158 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 lSA and 15B, it is clear that a short 

anneal ramp-up times yield better granularity than longer ramp-up times. 

[0112] Figure 17 illustrates battery charge and discharge profiles of a battery 

structure funned utilizing LiCoC>.i films according to embodiments of the present invention. 

The LiCoO,. film in the battery profiled in Figure 17 was deposited according to Example 54 

in Table I. The LiCoOi film was deposited on an alumina substrate with a gold current 

collector. The LiCoOi film was annealed utilizing a fast-ramp (45 sec) RTA process as was 

descnbed 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. A3 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. ~ such, the scope is limited 

only by the following claims. 
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WHAT IS CLAIMED IS: 

1. A method of depositing a LiCoO:z 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 LiCoO:z positioned opposite the 

substrate, 

wherein a crystalline layer of LiCoO:z 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. 

S. The method of claim 1, 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 silico~ polymers, glasses, ceramics, and metals. 

7. The method of claim I, 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 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 294 of 473



( 
WO 2006/063308 PCT/US2005/044781 

13. The method of claim 1 wherein the target is a ceramic LiCoOi. sputter target with a 

resistancemeaslll'ed across about 4 cm of surface 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 LiCoOi layer at a 

temperature ofless than or equal to about 500°C. 

20. The method of claim 14, further including annealing the LiCoOi layer at a 

temperature ofless than or equal to about 400°C. 

21. A battery structure, 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 LiCoOi 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 UPON layer deposited over the 

LiCoOi layer. 

26. The structure of claim 21, further including a second conducting layer deposited 

over the LieoOi 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 oomprises: 

a conducting layer, 

a LiCo02 layer deposited as a crystalline layer over the oonducting layer, 

a LiPON layer deposited over the crystalline LiCo~ 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 fonn a 

parallel stacked battery structure. 

29. The stacked battery structure of claim 27, wher~ 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 ~d other 

nickel or cobalt based super alloy. 
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36. A method of producing a battery, comprising: 

loading a substrate into a cluster tool; 

PCTIUSlOOS/044781 

depositing a crystalline LiCoO:z layer over a conducting layer in a chamber of 

the cluster tool with a pulsed-de PVD process. 

37. The method of chum 36, wherein depositing a crystalline LiCoO:z layer includes 

depositing crystalline LiCoO:z 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 UPON layer over the 

LiCoO:z 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 iridium layer. 

43. A fixtme 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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;;J 
PATENT 

Customer No. 22,852 
Attorney Docket No. 9140.0016-02 

IN THE UNITED PATENT AND TRADEMARK OFFICE 

ZHANG, Hongmei et al. 

Application No.: 111228,834 

Filed: September 16, 2005 

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: 1753 
) 
) Examiner: MCDONALD, Rodney Glenn 
) 
) 
) Confirmation No.: 9006 
) 
) 

SUPPLEMENTAL PRELIMINARY AMENDMENT 

Please amend the above-identified patent application as follows: 

Amendments to the Claims are reflected in the listing of claims in this paper beginning 

on page 2. 

Remarks 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.-14. (Canceled) 

15. (Currently amended) 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 coupled to the target area, the pulsed DC power supply 

providing alternating negative and positive voltages to the target; aB:0: 

[[a]] an RF bias power supply coupled to the substrate: and 

a narrow band-rejection filter that rejects at a frequency of the RF bias power supply 

coupled between the pulsed DC power supply and the target area. 

16. (Previously presented) The reactor of claim 15, wherein the target has a surface area 

greater than the surface area of the substrate. 

17. (Currently amended) The reactor of claim 15, further including a seaimiag magnet which 

provides HBiferm erosion of the target. 

18. (Currently amended) The reactor of claim 17, wherein the sca:r.niag magnet scans across 

the target in a first direction and extends in a second direction perpendicular to the first direction. 

2 
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19. (Currently amended) The reactor of claim 18, wherein the magnet extends beyond the 

target in the second direction. 

20.-37. (Canceled). 

38. (Previously presented) A sputtering apparatus, comprising: 

means for providing pulsed DC power to a target; and 

means for providing bias power to a substrate. 

39. (Previously presented) The apparatus of claim 38, further including means for providing 

process gas between the target and the substrate. 

40. (New) A reactor according to the present invention, comprising: 

a target area for receiving a target; 

a magnetic field generator supplying a magnetic field to the target; 

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

a pulsed DC power supply coupled to the target to provide alternating positive and 

negative voltages to the target; 

an RF bias power supply coupled to provide an RF bias to the substrate; and 

a narrow band rejection filter operating at a frequency of the RF bias power supply 

coupled between the pulsed DC power supply and the target, 

wherein a material is deposited on the substrate by exposure of the substrate to a plasma 

generated when pulsed DC power from the pulsed DC power supply is applied to the target in 

3 
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the presence of a process gas. 

41. (New) The reactor of claim 40, wherein the target is a metallic target. 

42. (New) The reactor of claim 40, wherein the process gas includes one or more of a set 

consisting of Ar, 0 2, N2, NH3, CO, NO, C02, C2F6. and halide containing gasses. 

43. (New) The reactor of claim 40, wherein the target is a ceramic target. 

44. (New) The reactor of claim 40, further including a temperature controller for holding the 

temperature of the substrate substantially constant. 

45. (New) The reactor of claim 40, wherein the target is an alloyed target. 

46. (New) The reactor of claim 45 wherein the alloyed target includes one or more rare-earth 

ions. 

47. (New) The reactor of claim 45 wherein the alloyed target includes one or more elements 

taken from a set consisting of Si, Al, Er, Yb, Zn, Ga, Ge, P, As, Sn, Sb, Pb, Ag, Au, Ce, Pr, Nd, 

Pm, Sm, Eu, Gd, Tb, Dy Ho, Tm, and Lu. 

48. (New) A reactor, comprising: 

a pulsed DC power supply; 

4 
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a narrow band rejection filter coupled to the pulsed DC power supply, wherein an oscillating 

negative and positive voltage can be supplied to from the pulsed DC power supply to the 

target; 

a substrate mount positioned opposite a target mount that holds the target; and 

a process gas system that allows process gas into an area between the substrate mount and the 

target mount. 

5 
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REMARKS 

Applicant has amended claims 15 and 17-19, and have added new claims 40-48 to further 

describe the invention. Applicants request that the Examiner examine the amended claims 

presented. 

The new claims and the additional limitations added to the previous claims are well 

. supported in the specification. Claim 15 has been amended to recite that "the pulsed DC power 

supply providing alternating negative and positive voltages to the target," which is disclosed, for 

example, in paragraph [0053] of the specification. Claim 15 has also been amended to recite "a 

narrow band-rejection filter that rejects at a frequency of the RF bias power supply coupled 

between the pulsed DC power supply and the target area," which is disclosed, for example, in 

paragraph [0056] of the specification. 

New claim 40 recites similar limitations to those disclosed in claim 15. Claim 15 further 

recites "a magnetic field generator," which is disclosed, for example, in paragraphs [0058]

[0059] of the specification. Claim 41 recites that "the target is a metallic target," which is 

disclosed, for example, in paragraph [0062]. Claim 42 recites that "the process gas includes one 

or more of a.set ... ,"which is disclosed, for example, in paragraphs [0015] and [0073]. Claim 

43 recites that "the target is a ceramic target," which is disclosed, for example, in paragraphs 

[0062] and [114]. Claim44 recites "a temperature controller ... ,"which is disclosed, for 

example, in paragraph [0058]. Claims 45-47 recite that "the target is an alloyed target," which is 

disclosed, for example, in paragraphs [0062] and [0064]. Claim 48 includes limitations to those 

previously discussed. 

6 
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Please grant any extensions of time required to enter this paper and charge any additional 

required fees to our deposit account 06-0916. 

Dated: February 6, 2007 

EXPRESS MAIL LABEL NO. 
EV 955594475 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARREIT & DUNNER, L.L.P. 

By:~a; 
ar I dwards 

Reg. No. 41,008 
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~ 
PATENT 

Customer No. 22,852 
Attorney Docket No. 9140.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 111228,834 

Filed: September 16, 2005 

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: 1753 
) 
) Examiner: MCDONALD, Rodney Glenn 
) 
) 
) Confirmation No.: 9006 
) 
) 

FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(b) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(b), Applicant brings 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 on the merits for the above-referenced 

application. 

Copies of the listed non-patent literature documents are attached. Copies of the U.S. 

patent 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. 

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 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 & UNNER, L.L.P. 

Dated: February 6, 2007 

EXPRESS MAIL LABEL NO. 
EV 955594475 US 

-2-
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FIFTH 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 listed documents on the attached PTO SB/08 Form. This Supplemental 

Information Disclosure Statement is being filed before the mailing date of a first Office Action 

on the merits for 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 

constitute "prior art." If the Examiner applies any of the documents as prior art against any claim 
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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 DUN ER, L.L.P. 

Dated: October 24, 2007 
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(54) Title: DEPOSITION OF PEROVSKITE AND OTHER COMPOUND CERAMIC FILMS FOR DIELECTRIC APPLICA-
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(57) Abstract: In accordance with
the present invention, deposition
of perovskite material, for example

~ bariu trontium titanite (BST)PEROVSKITE 302 film, by pulsed.dc physical vapor
SUBSTRATE —~—301 deposition process or by an RF 

sputtering process is presented. Such
a deposition can provide a high

AN deposition rate deposition of a layer of perovskite. Some embodiments of the deposition address the need for high rate deposition
of perovskite films, which can be utilized as a dielectric layer in capacitors, other energy storing devices and micro-electronic
applications. Embodiments of the process according to the present invention can eliminate the high temperature (>700 °C) annealwo step that js conventionally needed to crystallize the BST layer.
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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 of perovskites 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 post~processirig, and the related film structure .. For all o(the potential, tiilii: fll~ 
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 electrodes. 

[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 suitable for these applications have conventionally been high 

temperature materials capable .of withstanding at least one high 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 ofperovskite 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 devi~es (armed with. the layers. 

(005] Therefore, there is a need for a low temperature process for depositing 

crystalline material, for example perovskite materia.I 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 targetformed of conductive perovskite or ceramic oxide material, such as 

BST, positioned opposite 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 ofperovskite, 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~vid~s a ~nditjp:i;i of uniform target erosion. A uniform plasma condition can be created · · · 

without magnetic enhancement, termed 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, deposition 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, unifonn, highly dense, with low sintering temperatures and resulting high 

dielectric properties. 

3 
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[010] 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. 

[O 11] In some embodiments the perovskite layer formed 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 formed. 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 o~er the el~ctrode layer in a second 

chamber of the cluster tool; depositing a second electrode layer over the dielectric layer in a 
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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 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. 

(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 temperature 

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 IA 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 IC 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 IA, lB, and IC. 

(020] · Figures 3A and 3B illustrate a thin-film capacitor design according to some 

embodiments of the present invention. 
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[021] Figures 4A, 4B, 4C, and 4D illustrate a thin substrate mount and m~sk 

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 embodiment~ 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 

perovsk:ite, 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. I 0/101,341, 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. 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 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 AK.T-1600 reactor, for example, has three 

deposition chambers conn~ted by a vacuum_transport chamber. These AKT-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 l 0. 

[031) Pulsed DC power supply 14 can be any pulsed DC power supply, for example 

an AB Pinnacle plus I OK by Advanced Energy, Inc. W~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. Th~ 

reverse voltage can be 10% of the negative target vol~age. 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~ Filte~ ~ 5 prevents the ~ 9ias power from power supply 18 from couplinJ? 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 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 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 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 

<?fless 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 sputtering with a wide area target __ and.a.condition of uniform target erosion. An· 

example apparatus 30 for RF sputtering is.illustrated schematically in FIG. IC. 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 that 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 depo-sition 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. 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 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, of less 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 all 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. l B. 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 
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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 1 B 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 unifonnity. 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 U!llfonn 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. 

[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 unifonn 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 th~ half a millimeter so as to eliminate plasma processes that may 

occur bet:w~en adjacent ones of tiles 30. The distance between tiles of target 12 and the dark 

space anode or ground shield 19 in Figure 1 B cari be somewhat larger so as to provide non 

contact assembly or to provide for thermal 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 concentration8). 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 expalld the process window. Some examp~es of the gases 

that can be utilized for controlling surface oxidation are 0 2, water vapor, hyd.J:ogen, 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 or 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 be 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 capacitor 

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 ~ bias. an4 an Adyanced.Energy 

Pinnacle plus I 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·dc 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 3 50 kHz during deposition. RF bias can also be applied to the substrate. In many 

trials, the deposition rates varied from about 2 Angstrom/(k:W sec) to about 1 Angstrom/(k:W 

sec) depending on the Oz/Ar ratio as well as substrate bias. 

(052] Figure 31\ illustrates a !ayer ofperovskite 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 
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a planar condition and subsequently clamped as top portion 40 I is closed into bottom portion 

402. Substrate 301 can be easily held by fixture 400 so that substrate 30 I 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) As 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 travel 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 mount 410. Mount 410, for example, can be a susceptor, mount, or an electrostatic 

chuck of a processing chamber. such as that shown in F~gu~es 1 ~ and 1 B_. F:ix.twe 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 i:u 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 40 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 30 I, 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 IA, I B, and I 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~ 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 501. 

[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 constant 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 show.n in Figure 6A, a 

substrate 301, 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 perovskite layer 302 is then deposited on electrode layer 303. 

Perovskite layer 302 can be about 0.1 to 1 µm and can be deposited in chamber 505 

according to embodiments of the pr~sent invep.tion .. 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 e'Iectrode 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] As discussed above, any number of individual capacitor stacks can be formed 

. such 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 tq the pr~sent 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 k.Qs or less. The target material 

can, for example, be sintered. Silicon wafers are used for initial experiments. 0.1-1 microns 

ofBST films are deposited on Si wafers with various bottom electrode materials such as: n++ 

Si, Ir, Pt, Ir02 and also T407, Th05, 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 r.ange_ 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 perovskite 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 perovsk.ite 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 perovskite layer is formed on the substrate. 

7. The method of claim 6, wherein the perovskite layer is a bariwn 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 perovsk.ite layer formed on 

the_ substrc;ite. 

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-least 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 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 367 of 473



WO 2007/027535 PCT /US2006/033315 

one or more capacitor stacks deposited on a substrate, where~ 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 fonn 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 per<~vskite 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 meth.od 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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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 38 and 39 are rejected under 35 U.S.C. 102(b) as being anticipated by 

Sproul et al. (U.S. Pat. 5,942,089). 

Regarding claim 38, Sproul et al. teach a sputtering apparatus comprising means 

for providing pulsed DC power to a target. (Column 3 lines 66-67; Column 4 lines 1-3) 

Means for providing a bias power to a substrate. (Column 5 lines 9-21) 

Regarding claim 39, Sproul et al. teach means for providing process gas 

between the target and the substrate. (Column 4 lines 4-11) 

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. 

This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 
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under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

Claim 48 are rejected under 35 U.S.C. 103(a) as being unpatentable over Sproul 

et al. (U.S. Pat. 5,942,089) in view of Wang et al. (U.S. Pat. 6,413,382) or Lantsman 

(U.S. Pat. 5,830,330). 

Regarding claim 48, Sproul et al. teach a reactor comprising a pulsed DC power 

supply. The DC power having oscillating negative and positive voltages supplied form 

the pulsed DC power supply to the target. (Column 3 lines 66-67; Column 4 lines 1-3) 

A substrate mount positioned opposite a target mount that holds the target. (Column 3 

lines 56-58) A process gas system that allows process gas into an area between the 

substrate mount and the target mount. (Column 4 lines 4-7) 

The difference between Sproul et al. and the present claims is that using a filter 

is not discussed (Claim 48). 

Regarding the filter of claim 48, Wang et al. teach utilizing a filter connected to a 

pulsed DC power source. (Column 7 lines 61-67) 

The motivation for utilizing the features of Wang et al. is that it allows controlling 

the time constant of the pulse. (Column 7 lines 61-67) 

Regarding the filter of claim 48, Lantsman teach utilizing a filter 22 connected to 

a pulsed DC source. (Column 4 lines 27-30) 
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The motivation for utilizing the features of Lantsman is that it allows for filtering 

out RF energy. (Column 4 lines 27-30) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time the invention was made to have modified Sproul et al. by utilizing the features of 

Wang et al. or Lantsman because it allows for controlling the time constant of the pulse 

or filtering RF energy. 

Allowable Subject Matter 

Claims 15-19 and 40-47 are allowed. 

The following is a statement of reasons for the indication of allowable subject 

matter: 

Claims 15-19 are allowable over the prior art of record because the prior art of 

record does not teach the claimed reactor combined with the narrow band rejection filter 

that rejects at a frequency of the RF bias power supply coupled between the pulsed DC 

power supply and the target area. 

Claims 40-4 7 are allowable over the prior art of record because the prior art of 

record does not teach the claimed reactor combined with a narrow band rejection filter 

operating at a frequency of the RF bias power supply coupled between the pulsed DC 

power supply and the target. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Rodney G. McDonald whose telephone number is 571-

272-1340. The examiner can normally be reached on M-Th with every Friday off .. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Nam X. Nguyen can be reached on 571-272-1342. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

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). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

RM 
May 20, 2008 

/Rodney G. McDonald/ 
Primary Examiner, Art Unit 1795 

Rodney G. McDonald 
Primary Examiner 
Art Unit 1795 
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Notice of Allowance dated March 26, 2007, in U.S. Application No. 11/228,805 (Attorney 
Docket No. 9140.0030-01). 

Corrected Notice of Allowance dated June 7, 2007, in U.S. Application No. 11/228,805 
(Attorney Docket No. 9140.0030-01). 

Supplemental Notice of Allowance dated July 5, 2007, in U.S. Application No. 111228,805 
(Attorney Docket No. 9140.0030-01). 
Notice of Allowance dated February 22, 2007, in U.S. Application No. 10/851,542 (Attorney 
Docket No. 9140.0033-00). 

Supplemental Notice of Allowance dated March 15, 2007, in U.S. Application No. 10/851,542 
(Attorney Docket No. 9140.0033-00). 
Preliminary Amendment filed March 22, 2007, in U.S. Application No. 111726,972 (Attorney 
Docket No. 9140.0033-01). 
Voluntary Amendment filed March 8, 2007, in Taiwan Application No. 93114518 (Attorney 
Docket No. 9140.0033-270). 

\ I 
Second Supplemental Preliminary Amendment filed May 31, 2007, in U.S. Application No. 
11/297,057 (Attorney Docket No. 9140.0042-00). 

/Rr\t1/ PCT International Preliminary Report on Patentability dated June 21, 2007, in International 
Application No. PCT/US2005/044781 (Attorney Docket No. 9140.0042-304). 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 10655.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei ZHANG et al. 

Application No.: 11/228,834 

Filed: September 16, 2005 

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: 1795 
) 
) Examiner: Rodney Glenn MCDONALD 
) 
) 
) Confirmation No.: 9006 
) 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed May 29, 2008, the period for response having been 

extended to September 29, 2008 by a request for extension of one month and fee payment filed 

concurrently herewith, 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: 

Application No. 111228,834 
Attorney Docket No. 10655.0016-02 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

1.-14. (Canceled). 

15. (Previously presented) 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 coupled to the target area, the pulsed DC power supply 

providing alternating negative and positive voltages to the target; 

an RF bias power supply coupled to the substrate; and 

a narrow band-rejection filter that rejects at a frequency of the RF bias power supply 

coupled between the pulsed DC power supply and the target area. 

16. (Previously presented) The reactor of claim 15, wherein the target has a surface 

area greater than the surface area of the substrate. 

17. (Previously presented) The reactor of claim 15, further including a magnet which 

provides erosion of the target. 

18. (Previously presented) The reactor of claim 17, wherein the magnet scans across 

the target in a first direction and extends in a second direction perpendicular to the first direction. 

19. (Previously presented) The reactor of claim 18, wherein the magnet extends 

beyond the target in the second direction. 

-2-
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20.-39. (Canceled). 

Application No. 11/228,834 
Attorney Docket No. 10655.0016-02 

40. (Previously presented) A reactor according to the present invention, comprising: 

a target area for receiving a target; 

a magnetic field generator supplying a magnetic field to the target; 

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

a pulsed DC power supply coupled to the target to provide alternating positive and 

negative voltages to the target; 

an RF bias power supply coupled to provide an RF bias to the substrate; and 

a narrow band rejection filter operating at a frequency of the RF bias power supply 

coupled between the pulsed DC power supply and the target, 

wherein a material is deposited on the substrate by exposure of the substrate to a plasma 

generated when pulsed DC power from the pulsed DC power supply is applied to the target in 

the presence of a process gas. 

41. (Previously presented) The reactor of claim 40, wherein the target is a metallic 

target. 

42. (Previously presented) The reactor of claim 40, wherein the process gas includes 

one or more of a set consisting of Ar, 0 2, N2, NH3, CO, NO, C02, C2F6, and halide containing 

gasses. 

43. (Previously presented) The reactor of claim 40, wherein the target is a ceramic 

target. 

,.., 
-.)-
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Application No. 111228,834 
Attorney Docket No. 10655.0016-02 

44. (Previously presented) The reactor of claim 40, further including a temperature 

controller for holding the temperature of the substrate substantially constant. 

45. (Previously presented) The reactor of claim 40, wherein the target is an alloyed 

target. 

46. (Previously presented) The reactor of claim 45 wherein the alloyed target 

includes one or more rare-earth ions. 

47. (Previously presented) The reactor of claim 45 wherein the alloyed target 

includes one or more elements taken from a set consisting of Si, Al, Er, Yb, Zn, Ga, Ge, P, As, 

Sn, Sb, Pb, Ag, Au, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy Ho, Tm, and Lu. 

48. (Canceled) 

-4 -
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REMARKS 

Application No. 111228,834 
Attorney Docket No. 10655.0016-02 

Claims 15-19, and 38-48 are pending in the above identified application. The Examiner 

has rejected claims 38, 39, and 48. In this amendment, Applicants have canceled claims 38, 39, 

and 48. Therefore, the both the rejection of claims 38 and 39 under 35 U.S.C. § 102(b) and the 

rejection of claim 48 under 35 U.S.C. § 103(a) are moot. Applicants reserve the right to pursue 

claims 38, 39, and 48 in a subsequently filed application. 

Applicants thank the Examiner for indicating that claims 15-19 and 40-4 7 are allowable 

over the prior art. 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 our deposit account 06-0916. 

Dated: September 29, 2008 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARAB OW, 
GARRETT & DUNNER, L.L.P. 

By:---,."l''-l'h'""--';,,__----#/~'---"-'b't---71-t'V"-¥\;-""'"'--~~ 
a dwards 

-5-

Reg. No. 41,008 
(650) 849-6622 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 10655.0016-02 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei ZHANG et al. 

Application No.: 11/228,834 

Filed: September 16, 2005 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 1795 
) 
) Examiner: Rodney Glenn MCDONALD 
) 
) 
) 
) Confirmation No.: 9006 
) 

PETITION FOR EXTENSION OF TIME 

Applicant petitions for a one month extension of time to file a reply to the Office 

Action of May 29, 2008. A fee of $120.00 is enclosed. 

Please grant any additional extensions of time required to enter the attached 

reply and charge any additional required fees to Deposit Account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & NNER, L.L.P. 

Dated: September 29, 2008 
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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.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
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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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.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

10655.0016-02 9006 

EXAMINER 

MCDONALD, RODNEY GLENN 

ART UNIT PAPER NUMBER 

1795 

DATE MAILED: 12/30/2008 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 529 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 Term Adjustment will be 529 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term 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 Term 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. 

Page 3 of 3 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 

Case 5:20-cv-09341-EJD   Document 138-8   Filed 03/18/22   Page 433 of 473



Application No. Applicant(s) 

11/228,834 ZHANG ET AL. 
Notice of Allowability Art Unit Examiner 

Rodney G. McDonald 1795 

-- 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 1.313 and MPEP 1308. 

1. IZI This communication is responsive to September 29. 2008. 

2. IZ! The allowed claim(s) is/are 15-19 and 40-47. 

3. D 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 the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. 

5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D 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. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

/Rodney G. McDonald/ 
Primary Examiner, Art Unit 1795 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. [8J Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20081222 
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Application/Control Number: 11/228,834 

Art Unit: 1795 

REASONS FOR ALLOWANCE 

The following is an examiner's statement of reasons for allowance: 

Page 2 

Claims 15-19 are allowable over the prior art of record because the prior art of 

record does not teach the claimed reactor combined with the narrow band rejection filter 

that rejects at a frequency of the RF bias power supply coupled between the pulsed DC 

power supply and the target area. 

Claims 40-4 7 are allowable over the prior art of record because the prior art of 

record does not teach the claimed reactor combined with a narrow band rejection filter 

operating at a frequency of the RF bias power supply could between the pulsed DC 

power supply and the target. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Rodney G. McDonald whose telephone number is 571-

272-1340. The examiner can normally be reached on M-Th with every Friday off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Nam X. Nguyen can be reached on 571-272-1342. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Application/Control Number: 11/228,834 

Art Unit: 1795 

Page 3 

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). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

RM 
December 22, 2008 

/Rodney G. McDonald/ 
Primary Examiner, Art Unit 1795 

Rodney G. McDonald 
Primary Examiner 
Art Unit 1795 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together J .... applicable fee(s), to: Mail 

or Fax 

Mail Stop 1ssu._, . .«EE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 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 
indicated unless cor_recte~ below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
mamtenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of 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 12/30/2008 
Certificate of Mailing or Transmission 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNE&ereby certify that this Fee(s) Transmittal is being deposited with the United 
LLP States Postal Service with sufficient postage for first class mail in an enveloP.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 

(Depositor's name) 

(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

11/228,834 0911612005 Hongmei Zhang 10655.0016-02 9006 

TITLE OF INVENTION: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

EXAMINER ART UNIT 

MCDONALD, RODNEY GLENN 1795 

l. Change of correspondence address or indication of "Fee Address" (3 7 
CFR l.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/l 22) attached. 

D "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 

204-298080 

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. If no name is 
listed, no name will be printed. 

$1810 0313012009 

1 Finnegan, Henderson, 

2 Farabow, Garrett & 

3 
Dunner, LLP 

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 3.11. 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) : D Individual IXl Corporation or other private group entity D Government 

4a. The following fee(s) are submitted: 

lXl Issue Fee 

~ Publication Fee (No small entity discount permitted) 

D Advance Order - #of Copies----------

5. Change in Entity Status (from status indicated above) 

0 a. Applicant 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. Form PT0-2038 is attached. d 
lXJThe Director is hereby authorized to charge the;eq)liJ.ed fee(s), any deficiency,~B:redit any 

overpayment, to Deposit Account Number Uo-u~ 16 (enclose an extra copy of this form). 

D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l .27(g)(2). 

t be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
d Trademark Office. 

Date ___ F_e_b_r_u_a_r~y~_2_0~,_2_0_0_9 __ _ 

Typed or printed name ___ G_a_r_y~_J_. _E_d_w_a_r_d_s _________ _ Registration No. ___ 4_1_,_0_0_8 ______ _ 

This collection of information is required by 37 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 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
submitting the completed applicat10n form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chieflnformation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandna, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
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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Electronic Patent Application Fee Transmittal 

Application Number: 11228834 

Filing Date: 16-Sep-2005 

Title of Invention: BIASED PULSE DC REACTIVE SPUTIERING OF OXIDE FILMS 

First Named Inventor/Applicant Name: Hongmei Zhang 

Filer: Gary James Edwards/Annie Wong 

Attorney Docket Number: 10655.0016-02 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1510 1510 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1810 
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Electronic Acknowledgement Receipt 

EFSID: 4830133 

Application Number: 11228834 

International Application Number: 

Confirmation Number: 9006 

Title of Invention: BIASED PULSE DC REACTIVE SPUTIERING OF OXIDE FILMS 

First Named Inventor/Applicant Name: Hongmei Zhang 

Customer Number: 22852 

Filer: Gary James Edwards/Annie Wong 

Filer Authorized By: Gary James Edwards 

Attorney Docket Number: 10655.0016-02 

Receipt Date: 20-FEB-2009 

Filing Date: 16-SEP-2005 

Time Stamp: 14:55:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1810 
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File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1 Issue Fee Payment (PT0-85B) 
lssue_Fee_ Transmittal_20Feb2 

009_ 11228834.pdf 

42782 

no 1 
45b 1 037d84bf585103aa1 f09214195b1 c6fl: 

Sfcb 

Warnings: 

Information: 

32268 

2 Fee Worksheet (PT0-06) fee-info.pdf no 2 
5fd4296af24fc4ecded997090fd532a2f4440 

6ff 

Warnings: 

Information: 

Total Files Size (in bytes) 75050 

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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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

111228,834 09/16/2005 Hongmei Zhang 

22852 7590 04/23/2009 

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. 

10655.0016-02 9006 

EXAMINER 

MCDONALD, RODNEY GLENN 

ART UNIT PAPER NUMBER 

1795 

MAILDATE DELIVERY MODE 

04/23/2009 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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Supplemental 
Notice of Allowability 

Application No. 

11/228,834 
Examiner 

Rodney G. McDonald 

Applicant(s) 

ZHANG ET AL. 
Art Unit 

1795 

-- 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 1.313 and MPEP 1308. 

1. IZI This communication is responsive to September 29. 2008. 

2. IZ! The allowed claim(s) is/are 15-19 and 40-47. 

3. D 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 the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. 

5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D 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. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. [8J Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20090421 
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APPLICATION NO./ 
CONTROL NO. 
11228834 

FILING DATE 

9/16/05 

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. 

10655.0016-02 

EXAMINER 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP Rodney G .. McDonald 

901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 ART UNIT 

1795 

DATE MAILED: 

I PAPER 

20090421 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner for Patents 

The attached IDS document is being supplied to indicate that all the references were considered by the examiner. The application 
remains allowed for reasons of record. 

/Rodney G. McDonald/ 
Primary Examiner, Art Unit 1795 

PT0-90C (Rev.04-03) 
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Application/Control Number: 11/228,834 

Art Unit: 1795 

REASONS FOR ALLOWANCE 

The following is an examiner's statement of reasons for allowance: 

Page 2 

Claims 15-19 are allowable over the prior art of record because the prior art of 

record does not teach the claimed reactor combined with the narrow band rejection filter 

that rejects at a frequency of the RF bias power supply coupled between the pulsed DC 

power supply and the target area. 

Claims 40-4 7 are allowable over the prior art of record because the prior art of 

record does not teach the claimed reactor combined with a narrow band rejection filter 

operating at a frequency of the RF bias power supply could between the pulsed DC 

power supply and the target. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Rodney G. McDonald whose telephone number is 571-

272-1340. The examiner can normally be reached on M-Th with every Friday off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Nam X. Nguyen can be reached on 571-272-1342. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Application/Control Number: 11/228,834 

Art Unit: 1795 

Page 3 

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). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

RM 
April 21, 2009 

/Rodney G. McDonald/ 
Primary Examiner, Art Unit 1795 

Rodney G. McDonald 
Primary Examiner 
Art Unit 1795 
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INFORMATION DISCL 
STATEMENT BY APPL 

(Use as many sheets as necessary) 

Sheet of 

pplication Number 

ilingDate 

Art Unit 

Examiner Name 

Attorney Docket Number 

Complete if Known 

11/228,834 

September 16, 2005 
ZHANG, Hongmei 

Not Yet Assigned 

Not Yet Assigned 

9140.0016-02 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examin~r 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-DO-YYYY Figures Appear 

/RM/ 5,478,456 12-26-1995 Humpal et al. 

/RM/ 6,846, 765 82 01-25-2005 Imamura et al. 

·--............. --Note: Submfs~ of U.S. Patents and published U.S. Patent Applications is not required. 

~OREIGN PATENT DOCUMENTS 
Examiner Cite 

-....,, 
~tionDate Name of Patentee or Pages, Columns, Lines, 

Initials No.1 
Foreign Patent Document MM·uu~ Applicant of Cited Document Where Relevant Passages 

~ 
or Relevant Figures 

Country Code3 Number' Kind Code5 {if known} Appear 

-.............. i-......._ 

~ 
~ 

NON PATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

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, RA., "Low temperature micromoulding of functional ceramic devices," Grant 
/RM/ summary for GR/S84156/01 for the UK Engineering and Physical Sciences Research 

Council, 2 pages (2004 ). 

/RM/ 
HOWSON, RP., "The reactive sputtering of oxides and nitrides," Pure & Appl. Chem. 
66(6):1311-1318 (1994). 

/RM/ Office Action issued on August 4, 2005, in U.S. Serial No. 10/101 ,863 (Attorney 
Docket No. 09140-0016-00). 

/RM/ Office Action issued on August 8, 2005 in U.S. Serial No. 10/101,341 (Attorney Docket 
No. 09140-0017-00). 

EXPRESS MAIL LABEL NO. 
EV 708642472 US 

Examiner 
Signature /Rodne Mcdonald/ 

Date 
Considered 04/21/2009 

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. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE PATENT NO. 

111228,834 0610912009 7544276 

22852 7590 0512012009 

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 .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

10655.0016-02 9006 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 529 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term 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 Term 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 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Hongmei Zhang, San Jose, CA; 
Mukundan Narasimhan, San Jose, CA; 
Ravi B. Mullapudi, San Jose, CA; 
Richard E. Demaray, Portola Valley, CA; 

IR103 (Rev. 11105) 
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PATENT 
Attorney Docket No. 10655.0016-02000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei ZHANG et al. 

Application No.: 11/228,834 

Filed: September 16, 2005 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Group Art Unit: 1795 

Examiner: Rodney G. MCDONALD 

Confirmation No.: 9006 

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 28" , 2009 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By~ 
Reg. No. 26,014 
(650) 849-6600 
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Electronic Acknowledgement Receipt 

EFSID: 5782216 

Application Number: 11228834 

International Application Number: 

Confirmation Number: 9006 

Title of Invention: BIASED PULSE DC REACTIVE SPUTIERING OF OXIDE FILMS 

First Named Inventor/Applicant Name: Hongmei Zhang 

Customer Number: 22852 

Filer: Aaron James Capron/Drew Herndon 

Filer Authorized By: Aaron James Capron 

Attorney Docket Number: 10655.0016-02 

Receipt Date: 28-JUL-2009 

Filing Date: 16-SEP-2005 

Time Stamp: 13:49:10 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

12275 

1 
Petition to withdraw attorney or agent Request_for_Withdrawal_ 1065 

no 1 
(SB83) 5-0016-02.PDF 

8725e234525bb8b540e4990c3566fcdb831 
62450 

Warnings: 

Information: 
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Total Files Size (in bytes) 12275 

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 
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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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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Attachment A 
Power of Attorney to Prosecute Applications Before the USPTO 

Applicant/Patent Owner: SpringWorks LLC hereby states that they are the assignee of the entire right, title and interest as listed below by virtue of an assignment 
from the inventor(s) of the patent application/patent. The assignment was recorded in the United States Patent and Trademark Office at the Reel and Frame number 
listed below or for which a copy therefore is attached. 

Application Appl. Assigment Recorded 
Attorney Number I Date/ Inventors Title Current Owner Chain of Title Reel/Frame Date Docket Patent Issued 
No. Number Date 

From Invento'.s Ol4766 I 0601 12/2/2003 H. Zhang Biased Pulse DC . to Symmorph1x _________________________ _ 
43668 3 111191 643 7/27/2005 M. Narasim~an Reactive Sputtering Of SpringWorks LLC ----Froln-syillll.i{;fililix ____ --;~~-;-~--;-~~~~ 11/19/2007 

· ' R. Mullapud1 Oxide Films to SpringWorks LLC 
R. Demaray 

T. Pan From Inventors 020035 I 0110 10/30/2007 
to Symmorph1x 

R. Demaray Mode Size Converter · W k LLC -- -------------------------- r----------. Spnng or s .---· . . 43668.4 11/100,856 4/6/2005 Y. C?en For A Planar Wavegmde From Symmorphtx 
2

0134 I 0102 11/19/2007 
Y. Xie to SpringWorks LLC 

R. Pethe From Inventors 014945 I 0661 8/4/2004 
T t C d t. to Svmmornh1x ________ _ R Demara ransparen on uc ive S · W rks LLC 1----::_.c::::_ __ =--,--- --------------------- ' 

43668.5 10/850 968 5/20/2004 M. N · Yh Oxides pnng ° From Symmorphtx 20134 / 0102 11119/2007 
' . aras1m an to SpnngWorks LLC 

. . From Inventors 014897 I 0768 1/16/2007 
Optically Couplmg Into . C ,__.!9__§J.'.!!!!!12!PBl~--- ------------------------ ---------------

43668.22 10/650,461 8/27/2003 D. Dawes Highly l!niform SprmgWorks LL From Symmorphix 20134 / 0102 11/19/2007 
Wavegmdes to SprmgWorks LLC 

Energy Conversion And From Inventors 014948; 0097 8/5/2004 
R. Demaray Storage Devices By to Symmorphix _______ ----------------
H. Zhang Physical Vapor . SpringWorks LLC .------- ----------------

43668.39 111726,972 3/22/2007 M. Narasimhan Deposition OfTitamum From Symmorphix 
201341

0102 11119/2007 
v. Milonopoulou And Titaniu~ Oxides to SpringWorks LLC 

And Sub-Oxides 

From Inventors 017196 I 0699 12/21/2006 
H. Zhang . . . ----~~-~l..1!!!!1.S1_1P.~~---- --------------------- ---------------------43668.44 11/297,057 1217/2005 R. Demaray Deposition OfL1Co02 SprmgWorks LLC From Symmorphix 20134 I 0102 11/19/2007 
M. Shao to SpnngWorks LLC 

Deposition Of From Inventors 016821 / 0220 11/28/2005 
Perovskite And Other to Symmorph1x 

H. Zhang Com ound Ceramic SpringWorks LLC -------------:--- -------------------------- ----------------
43668.53 11/218,652 9/2/2005 R. Demaray F'l PF D' 1 tric From Symmorphtx 

201341
0102 11/19/2007 

Im~ r?m 1e ec to SpringWorks LLC Apphcat1ons 

From Inventors 014756 / 0416 12/2/2003 
10/291, 179 Low temperature . ~------!?_~)_'~~~.P~!_". _______ ----------------------- _____________________ _ ISSUED - R. Demaray, zirconia based thermal SprmgWorks LLC S hix 

43668.6 US Pat No. 7129/08 v. Milonopoulou b . 1 b PVD From. ymmorp 20134 I 0102 11119/2007 
7,404,877 arner ayer Y to SpnngWorks LLC 

1 of3 Initial:~K 
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Attachment A 
Power of Attorney to Prosecute Applications Before the USPTO 

Applicant/Patent Owner: SpringWorks LLC hereby states that they are the assignee of the entire right, title and interest as listed below by virtue of an assignment 
from the inventor(s) of the patent application/patent. The assignment was recorded in the United States Patent and Trademark Office at the Reel and Frame number 
listed below or for which a copy therefore is attached. 

. . . Assigment Recorded A Apphcat10n Appl. . Current Owner Chain of Title Reel/Frame Date ttomey Number I Date/ Inventors Title 
Docket Patent Issued 

No. Numbor Dore From I"'mtorn 012010/0318 07110/2001 
R. Demaray, K. Wang, Planar optical devices . >---.!_~~~mmorp~~ _________ - --- - - ----- - - --

09/903,050 ISSUED - R. Mullapudi, D. and methods for their SprmgWorks LLC From Symmorphix 20134 I 0102 11119/2007 
43668.8 US Pat No. 1114/03 Stadtler, H Zhang, R. manufacture to SpringWorks LLC 

6,506,289 Peth Frominventors 
012

010/0318 07/10/2001 R D K 
Wang · 1 d · to Symmorphix _____________ _ . emaray, · ' Planar opt1ca ev1ces _________________________ -------------------- - -- -

10/288,278 ISSUED - R. Mullapudi, D. and methods for their SpringWorks LLC -----p;~m Synnnorphix 
20

134 I 0102 11/19/2007 
43668.9 US Pat No. 12/7/04 Stadtler, H Zhang, R. manufacture to SpringWorks LLC 6,827,826 Pethe 

From Inventors 011504 / 0738 01/19/2001 
Method of Producing to Symmorphix ____________________ _ 

091766.463 ISSUED - R. Dom.,ay' !. Shon. . "no'Pho~a ;~oon fo< Spd,,.W ocka LLC ---~;:;~·;,..,;.,;,~;;;_--- -2~;~~0~~~- I l/I 9/2007 
43668.13 U.S. Pat No. 3/18/03 K. Wang, R. Mullapud1 hard ma:id plt'cations to SpringWorks LLC 6,533,907 wavegm e ap 

As-deposited planar From Inventors 012010 I 0752 07/10/2001 
R. Demaray, K. Wang, optical waveguides with . C t~~~~~~~~~~~----- ---------------------- ----------- - -- -- - -

09/903,081 ISSUED - R. Mullapudi, Q. Zhu, low scattering l~ss and SpringWorks LL ---F~~m Symmorphix 

2013

4 I 0102 11/19/2007 
43668.14 US Pat No. 12/30/08 H. Zhang, H. Ackler, methods for thetr to SpringWorks LLC 

7.469 ,558 J_ Eg=ci~, R. Petho -ufaoture Frnm In""'o" 02003 51 0 II 0 10/30/2007 

. t~lllO!Q_ht~ __ ____ __ _ _ -- ----- - -- --10/101,492 ISSUED - T. Pan, R. De~aray, Mode size conv~rter for SpringWorks LLC ----Fiom Symmorphix 20134 I 0102 11/19/2007 
43668.15 US Pat No. 4126105 Y. Chen, Y. Xie, a planar wavegmde to SpringWorks LLC 

6,884,327 R. Pethe From Inventors 014766 / 0601 12/2/2003 
H. Zhang, Biased pulse DC . ___ _!?_ Symmorph1x. _____ --------------------- - --

10/101,863 ISSUED - M. Narasimhan, reactive sputtering of SpnngWorks LLC From Symmorphix 20134 / 0102 11/19/2007 
43668.17 US Pat No. 5/27 /08 R. Mullapudi, oxide films to Spring Works LLC 

7,378,356 R. Demaray From Inventors Ol4766 I 0601 12/2/2003 
H. Zhang, Biased pulse DC t{)_§~~_?!P~~- _ - - --- ---- -- - - - --- -- - - - - - - --- -

10/954,182 ISSUED - M. Narasimhan, reactive sputtering of SpringWorks LLC r----F~m Symmorphix 20134 I 0102 1111912007 
43668.21 US Pat No. 6130108 R. Mullapudi, oxide films to SpringWorks LLC 

7,381,657 R. Demaray From Inventors Ol4766./ 0601 12/2/2003 
H. Zhang, Biased pulse DC . _____ !{) __ ~~~111()!E_hiX _ __ _ ----- - -------- -- - - - -

111228,834 ISSUED_ M. Narasimhan, reactive sputtering of SpnngWorks LLC From Symmorphix 
2

0134 I 0102 11/19/2007 
43668.19 US Pat No. 619109 R. Mullapudi, oxide films to SpringWorks LLC 

7,544,276 R. Demaray 

2 of3 Initi~ 
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Attachment A 
Power of Attorney to Prosecute Applications Before the USPTO 

Applicant/Patent Owner: SpringWorks LLC hereby states that they are the assignee of the entire right, title and interest as listed below by virtue of an assignment 
from the inventor(s) of the patent application/patent. The assignment was recorded in the United States Patent and Trademark Office at the Reel and Frame number 
listed below or for which a copy therefore is attached. 

Appl. 
Assigment Recorded 

Application 

Current Owner Chain of Title 
Reel/Frame Date 

Attorney 
Number/ Date/ 

Inventors Title Docket 
Patent Issued No. 
Number Date 

From Inventors 
014766 I 0601 12/2/2003 

H. Zhang, 
Biased pulse DC to Symmorphix 

------- --- --- - - -- ---------
11/228,717 

M. Narasimhan, 
SpringWorks LLC ---------------------

ISSUED -
reactive sputtering of 

From Symmorphix 
20134 I 0102 11119/2007 

43668.20 U.S. Pat No. 
8/19/08 R. Mullapudi, oxide films 

to SpringWorks LLC 
7,413,998 

R.Demaray 

From Inventors 
014948 I 0111 08/05/2004 

t()_~)'!~!l11()!£.J:}i~-- - - -- --- --- -- ---- - -- - -- ----- -- - -- -

10/789,953 
ISSUED- M. Narasimhan, Dielectric Barrier Layer 

SpringWorks LLC ----From Synunorphix 
20134 I 0102 11/19/2007 

43668.25 US Pat No. 
4/17/07 P. Brooks, R. Demaray Films 

to SpringWorks LLC 
7,205,662 

From Inventors 
014948 I 0111 08/05/2004 

t()__~.Y_l!!!Il()!PJ~l.x ___ _ --- --- --- --- - - - ------ ------ - - - ---
11/228,805 

ISSUED- M. Narasimhan, Dielectric Barrier Layer 
SpringWorks LLC ----From Symmorphix 

20134 I 0102 11119/2007 

43668.32 US Pat No. 
8/28/07 P. Brooks, R. Demaray Films 

to SoringWorks LLC 
7,262,131 

Energy Conversion and 
From Inventors 

014948 I 0097 81512004 Storage Devices by 
to Sy1mnorphix 

- ----------
R. Demaray, H. Zhang, 

- -----------------------

10/851,542 
Physical Vapor 

Spring Works LLC ------------
ISSUED-

M. Narasimhan, 

From Symmorphix 
11/19/2007 

43668.34 US Pat No. 
Deposition of Titanium 

20134 I 0102 
7,238,628 

7/3/07 
V. Milonopoulou 

and Titanium Oxides 
to SpringWorks LLC 

and Sub-Oxides 

Bye I(~~ A.~ 
Name: ..---- _,,,, ,.~....., , •• • .,.......-, ,.__., • "' 

Title: 

3 of3 Initi:Jlil< 
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PTO/SB/122 (11-08) 
Approved for use through 11/30/2011. OMB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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. 

Application Number 11/228,834 

CHANGE OF 
CORRESPONDENCE ADDRESS FilinQ Date 

9-16-2005 

Application 
First Named Inventor H.Zhang 

Art Unit 1795 
Address to: 
Commissioner for Patents 

Examiner Name 
Rodney Glenn McDonald 

P.O. Box 1450 
Alexandria, VA 22313-1450 

Attorney Docket Number 43668.19 

Please change the Correspondence Address for the above-identified patent application to: 

0 The address associated with 

I I 
Customer Number: 27683 

OR 

D Firm or 
Individual Name 

Address 

City I State I Zip 

Country 

Telephone I Email 

This form cannot be used to change the data associated with a Customer Number. To change the 
data associated with an existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124). 

I am the: 

D ApplicanUlnventor 

D Assignee of record of the entire interest. 
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). 

0 Attorney or agent of record. Registration Number 41008 

D Registered practitioner named in the application transmittal letter in an application without an 
executed oath or declaration. See 37 CFR 1.33(a)(1 ). Registration Number 

Signature 
/gary j. edwards/ 

Typed or Printed 
Gary J. Edwards 

Name 

Date December 2, 2009 I Telephone408-660-4120 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple 
forms if more than one siqnature is required, see below*. 

ID *Total of forms are submitted. 

This collection of information is required by 37 CFR 1.33. 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 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U .S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the US PTO becomes aware of a violation or potential 
violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 6555152 

Application Number: 11228834 

International Application Number: 

Confirmation Number: 9006 

Title of Invention: BIASED PULSE DC REACTIVE SPUTIERING OF OXIDE FILMS 

First Named Inventor/Applicant Name: Hongmei Zhang 

Customer Number: 22852 

Filer: Gary James Edwards/Sheila Badon 

Filer Authorized By: Gary James Edwards 

Attorney Docket Number: 43668.19 

Receipt Date: 02-DEC-2009 

Filing Date: 16-SEP-2005 

Time Stamp: 12:36:01 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

482094 

1 43668_POA.pdf yes 4 
50be7508dee6f2cb790d6ae1 39f6af2655b5 

3fda 
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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: 

298836 

2 Change of Address 43668_ 19_COA.pdf no 2 

63d4b23d35241513314b0ddaf24228702c3 
fc133 

Warnings: 

Information: 

Total Files Size (in bytes) 780930 

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 FILING OR 3 71 (C) DATE 

11/228,834 09/16/2005 

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 43668.19 
CONFIRMATION NO. 9006 

POWER OF ATTORNEY NOTICE 
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
LLP 111111111111111111111111]~!1]~~1~~1~~1~~1~ ~IH~ ~t111111111111111111111111 
901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 

Date Mailed: 12/11/2009 

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 

page 1of1 
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APPLICATION NUMBER 

11/228,834 

27683 
HAYNES AND BOONE, LLP 
IP Section 
2323 Victory Avenue 
Suite 700 
Dallas, TX 75219 

FILING OR 3 71 (C) DATE 

09/16/2005 

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 43668.19 
CONFIRMATION NO. 9006 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!1]~~1~~1~~1~~1~ ~IHHll 11111111111111111111111 

Date Mailed: 12/11/2009 

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 

page 1of1 
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Attorney Docket No. 48604.20 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Assignee DEMARAY, LLC Conf. No. 9006 

Inventor: Hongmei Zhang et al. Examiner Rodney Glenn McDonald 

Serial No. 11/228,834 Art Unit 1795 

Title BIASED PULSE DC REACTIVE Filed September 16, 2005 
SPUTTERING OF OXIDE FILMS 

VIA EFS-WEB 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

Palo Alto, California 
November 7, 2019 

REQUEST FOR CERTIFICATE OF CORRECTION 
PTO'S ERROR 

Dear Commissioner: 

The Patentees submit herewith PTO Form PTO/SB/44 Certificate of Correction. This 

submission corrects errors by the U.S. Patent and Trademark Office (PTO). Accordingly, the 

Applicant/ Assignee requests a Certificate of Correction or an otherwise corrected patent at the 

expense of the PTO to correct this error. 

We believe that no fee is due. However, if a fee is required, please charge Deposit 

Account No. 08-1394. If any questions remain or anything additional is required to correct this 

patent copy, please contact the undersigned at (650) 687-8800. 

Dated: November 7, 2019 

Haynes and Boone, LLP 
IP Section 
2323 Victory A venue, Suite 700 
Dallas, Texas 75219 
Telephone: 650.687.8800 
Facsimile: 214.200.0853 
E-mail: i pdocketing @ha ynes boone. com 

Respectfully submitted, 

By: /Gary J. Edwards/ 
Gary J. Edwards 
Attorney for Applicant 
Reg. No. 41,008 

FILED VIA EFS 
CERTIFICATE OF TRANSMISSION 

I hereby certify that this correspondence is being transmitted to the 
United States Patent and Trademark Office (USPTO) via the USPTO's 
EFS-Web electronic filing system on November 7, 2019. 

/Ryan Bordon/ 
Ran Bordon 
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PTO/SB/44 (09-07) 
Approved for use through 01/31/2020. OMB 0651-0033 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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. 

!Also Form PT0-1050) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

7,544,276 

APPLICATION NO.: 11/228,834 

ISSUE DATE June 9, 2009 

Page _1_ of _1_ 

INVENTOR(S) Hongmei Zhang, Mukundan Narasimhan, Ravi B. Mullapudi, and Richard E. Demaray 

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

In the Claims: 

In Claim 1 Column 22, Line 49, change "RE" to --RF--. 

MAILING ADDRESS OF SENDER (Please do not use Customer Number below): 

Haynes and Boone LLP 
2323 Victory Avenue #700 
Dallas, TX 75219 

This collection of information is required by 37 CFR 1 .322, 1 .323, and 1 .324. 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 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 37691395 

Application Number: 11228834 

International Application Number: 

Confirmation Number: 9006 

Title of Invention: BIASED PULSE DC REACTIVE SPUTIERING OF OXIDE FILMS 

First Named Inventor/Applicant Name: Hongmei Zhang 

Customer Number: 27683 

Filer: Gary James Edwards/Ryan Bordon 

Filer Authorized By: Gary James Edwards 

Attorney Docket Number: 48604.20 

Receipt Date: 07-NOV-2019 

Filing Date: 16-SEP-2005 

Time Stamp: 19:00:49 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

177051 

1 Request for Certificate of Correction 
48604_20US01 _Request_for _ C 

no 3 
ertificate_of_Correction.pdf 

3 53f7 5494ab680d5 aS 19 b965 e9685 3 69a5 a 
50fd1 

Warnings: 
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Information: 

Total Files Size (in bytes)~ 177051 

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 
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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PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 7,544,276 B2 
: 111228834 
: June 9, 2009 
: Hongmei Zhang et al. 

Page 1of1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

In the Claims 

In Claim 1 Column 22, Line 49, change "RE" to --RF--. 

Signed and Sealed this 
Third Day of December, 2019 

~"""""'-..........,. 
Andrei Iancu 

Director of the United States Patent and Trademark Office 
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