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of 51 ohms/sq. The roughness illustrated in Figure 9C can be characterized by an 

Ra=0.88 run and a Rmax of 19.8 nm. 

[0052) Figure 9D was deposited using 1.5 kW RF power, 300 W bias, 0 seem Qi, 

30 seem Ar at a temperature of 280 C. The layer grew to a thickness of 580 A in 100 

seconds of deposition time and exhibited a sheet resistance of 106 ohms/sq. The 

roughness illustrated in Figure 9C can be characterized by an Ra=0.45 nm and an 

Rmax of 4.6 nm. 

(0053) Utilizing the example depositions described herein, the roughness and 

resistivity of a transparent oxide film can be tuned to particular applications. In 

general, particularly high resistivities can be obtained, which are useful for touch 

sensitive devices. As shown in Table 3, the sheet resistance ranged from about 39 

0/sq for trial# 14 to a high of 12,284 0/sq for trial #1. Careful variation of the 

process parametf!'rs, therefore, allow control of sheet resistance over an e,i,.1remely 

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 utiliz.ed 

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 

deveJoped. For example, deposition of zinc oxide films. Fw1her, as can be seen in 

the examples shown in Table 3, low temperature depositions can be performed. For 

example, transparent conductive oxides according to the present invention can be 

deposited at temperatures as low as about 100 °C. Such low temperature depositions 

can be important for depositions on temperature sensitive materials such as plastics. 

(0056) Other thin film layers according to the present invention include deposition 

of other metal oxides to form conducting and semi-conducting films. Thin films 

12 
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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. 

[0057) 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 folJowing claims. 
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. Table I 

Slot# 

14 
15 
17 
19 
21 
1 
2 
3 
4 
5 
6 

Process 

1.51..-w/l 00w/200khz/2.2us/300s/20Ar/8002 
l.Skw/100w/200khz/2.2us/300s/20Ar/4002 
l.5kw/100w/200khz/2.2us/300s/20Ar/4002 
1.Skw/100w/200khz/2.2us/300s/20Ar/3602 
l .Skw/100w/200khz/2.2us/300s/20Ar/300,, 
1kw/100w/200khz/2.2us/300s/20Ar/ 8002 
1 kw/I 00w/200khz/2.21J,S/300s/20Ar/ 360,, 
lkw/1 OOw/200khz/2.2w300s/20Ar/ 320z 
l kw/1 OOw/200khz/2.2us/300s/20Ar/ 2802 
lkw/100w/200khz/2.2us/300s/20Ar/ 2402 
1kw/100w/200khz/2.2us/300s/20Ar/ 2802 

Tar2et Voltaee (V) 

Min Max 

244 252 
254 263 
252 260 
254 263 
255 268 
224 233 

· 231 243 
232 242 
237 243 
233 243 
231 245 

Target Current (Amps) 

Mix Max 

5.94 6.14 
5.7 5.9 
5.16 5.96 
5.72 5.92 
5.76 5.9 
4.32 4.5 

. 4.12 4.3 
4.12 4.28 
4.1 4.22 
4.1 4.34 
4.12 4.3 

~ 
0 
N 
C 

~ ... 
= °' '.It 
00 -

',:j 
I") 

~ 
00 
N = f 
c$ ... ... 
'.h 

t 
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Tablell 

Slot 
# 

Process 

1.5kw/100w/200khz/2.2µsi 
14 300s/20Ar/8002 

l.5kw/100w/200khz/2.2µs/ 
15 300s/20Ar/4002 

1;5kw/100w/200khz/2.2f.lSJ 
17 300s/20Ar/4002 

l.5kw/100w/200khz/2.2µsJ 
19 300s/20Ar/3602 

l.5kw/100w/200khz/2.2µs/ 
21 300s/20Ar/3002 

lkw/100w/200khz/2.2µs/ 
1 300s/20Ar/8002 

llcw/100w/200khz/2.2µs/ 
2 300s/20Ar/3602 

lkw/100w/200khz/2.2µs/ 
3 300s/20Ar/3202 

lkw/100w/200khz/2.2µs/ 
4 300s/20Ar/2802 

lkw/100w/200khz/2.2µs/ 
5 300s/20Ar/2402 

lkw/100w/200khz/2.2µs/ 
6 300s/20Ar/2802 

Rs 
Rs unif 

(Ohms/ % 
Th (nm) 

Sq) 

38.59 

94112 2 57.28 

33927 60.282 58.48 

7335.32 72.49 67.75 

22.3507 2.995 80 

26.69 

36.4 

39.3 

44.02 

58.1031 7.467 so 

58.0992 10.566 45 

Bulk Rho 
Th std lsig 

(µOhm-an) 
R.I (@632nm) 

0.16 1.980758 

0.51 539073.5 1.951452 

1.37 198405.1 1.936166 

1.03 49696.8 1.980746 

178.8 · 

0.32 1.980326 

0.13 1.980756 

0.15 1.980761 

0.24 1.98076 

290.5 

261.4· 

' ,, 

R.I Unif(%) Comments 

0.000005 transoarent 

0.029342 translucent 

0.040957 translucent 

0.000018 translucent 

metallic 

0.00096 transoarent 

0.000003 transoarent 

0 transparent 

0.000001 transoarent 

metallic 

metallic 

~ 
0 
N 

! 
0 
0\ 
'JI 
00 ... 

~ 
I") 

~ 
Y1 
N 
0 
0 
,la 

~ -,la 
'JI 
N w 

e 
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Tablefil 

Run 
Trial <sec) 

14 100 

16 100 

10 100 

4 100 

8 100 

2 100 

6 100 

12 100 

15 100 

7 100 

1 100 

~ 
Power ~ 
(kW) w 

3 300 

3 300 

3 100 

1.5 100 

1.5 300 

1.5 100 

1.5 300 

3 100 

3 300 

1.5 200 

1.5 100 

I.. Rs B.§ (nQn-
02 Ar (oC) (Ohm.::/Sn) unit) 

3 60 280 38.69 4.07%. 

3 30 280 56.90 7.94% 

3 60 280 50.98 11.89% 

3 30 280 383.62 21.72% 

3' 30 280 504.02 7.23% 

3 30 280 402.52 26.80% 

0 30 280 106.21 6.12% 

4 30 280 374.34 19.43% 

4 30 100 6264.69 58.18% 

4 30 100 7509.45 44.14% 

4 30 100 12284.82 112.55% 

Thie DepRa 
Bulk Rho kness te 

(uOhmcm) <A) n (A/sec) 
4.64E-04 1200 1.864 12 

6.98E-04 1227 1.888 12.27 

6.25E-04 1225 1.933 12.25 
543. 

2.09E-03 9 2.016 5.439 
483. 

2.44E-03 5 2.082 4.835 
520. 

2.lOE-03 7 2.056 5.207 
580. 

6.17E-04 5 1.945 5.805 

4.18E-03 1116 1.917 11.16 

6.81E-02 1087 1.897 10.87 
392. 

2.95E-02 3 2.149 3.923 
389. 

4.78E-02 1 2.236 3.891 

Target 
N 

288-
308 
265-
275 
238-
251 
239-
250 
225- . 
239 
237-
250 
285-
300 
282-
304 
237-
250 
238-
250 

.. 

Tarnet/1 

9.86-
10.42 
10.92-
11.36 

5.98-6.32 

5.98-6.33 

6.46-6.68 

5.98-6.38 
9.98-
10.52 
10.00-
10.62 

6.02-632 

6.04-632 

~ 
0 
N 
Q 

~ -Q 
Ch 
•Jt 
Oil ... 

.,, 
n 
~ 
en 
N 
Q 

f 
<:> ... ... 
'Jt 

t 

e 
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Table m (Cont) 

11 100 

9 100 

5 100 

3 100 

13 100 

18 100 

17 100 

19 100 

3 100 

3 100 

. 1.5 200 

1.5 100 

3 200 

2.25 100 

1.5 150 

2.25 150 

3 60 100 631.77 

0 30 100 43.78 

3 60 100 1293.53 

4 60 100 4154.43 

0 60 100 49.05 

3 30 100 1476.79 

0 60 100 157.23 

·3 60 100 526.72 . 

~ 

49.40% 7.30E-03 1155 1.958 11.55 

7.47% S.55E-04 1268 1.945 12.68 

14.82% 5.88E-03 454.8 2.149 4.548 

28.25% 1.78E-02 428.8 2.211 4.288 

7.24% 6.16E-04 .1256 1.913 12.56 

21.54% 1.IOE-02 744.5 2.044 7.445 

8.83% 9.9IE-04 630.5 1.931 6.305 

13.01% 4.29E-03 814.2 2.021 8.142 

266- 10.96-
273 11.38 
288- 9.78-
307 10.42 
225-
235 6.46-6.68 
226-
235 6.44-6.64 
264- 10.96-
275 11.38 
263-
277 8.08-8.56 
225-
231 6.48-6.74 
247-
255 8.78-9.14 

! 
N 
C 

~ 
C 

°' u, 
CIC -

"d 

~ 
V, 
N 

f 
c$ -~ 
fJt 

~ 

e 

e 

Page 563 of 1053



WO 2004/106581 

Oaims 

We claim: 

e 
PCT/US2004/014523 

1. A method offonning a transparent conductive oxide film. comprising: 

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

process with substrate bias; and 

controlling at least one process parameter to provide at least one characteristic 

of the conductive oxide film at a particular value. 

2. The method of claim 1, wherein contromng at least one process parameter includes 

controlling the o""ygen partial pressure. 

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

indiuim-tin oxide. 

4. The method _of claim 1, wherein the at least one characteristic includes sheet 

resistance. 

S. The method of claim 1, wherein the at least one characteristic includes film 

roughness. 

6. The method of claim 5, wherein the transparent conductive oxide film includes an 

indium-tin oxide film and the film roughness is characterized by Ra less than about 10 

nm with Rms ofless than about 20 nm. 

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

2xl 0-4 micro-ohms-cm to about 0.1 micro-ohms-cm 

8. The method -of claim l, wherein the at least one process parameter includes a 

power supplied to a target. 

9. The method of claim 1, wherein the at least one process parameter includes an 

oxygen partial pressure. 

10. The method of claim I, 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 daim 1, further including supplying a metallic target 

18 

Page 564 of 1053



e 
WO 2004/106581 PCT/US2004/0U523 

14. The method of claim 1, further including supplying a ceramic target 

15. The method of claim 1, wherein the t:ramparent 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 e,chibits at least one 

particular property. 

19. The method of claim 18, wherein at least one particular property of the 

transparent conductive oxide film is determined by parameters of the pulsed-de biased 

reactive ion deposition process. 

20. The method of claim 19, wherein the at least one particular property includes 

resistivity of the transparent conductive oxide film. 

21. The method of claim 19, wherein the transparent conductive oxide film includes 

an indium-tin oxide film 

22. The method of claim 19, wherein the parameters include oxygen partial pressure. 

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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~ 154) TIiie: ENERGY CONVERSION AND STORAGE foll.MS AND DEVICES BY PHYSICAL VAPOR DEPOSJ'nON OF TI
'l"'""I TANTUM AND TITANIUM OXIDES AND SUB-OXIDES 
-.. 
~ . <:> (51) /\hslnu:t: High density oxide films are deposited by a pulsed-IX:, biased reactive spuuering process from a titanium containing 
<:> target 10 form high quality titanium containing oxide films. A method of fonning a titanium based layer or film according lo the 
N present invenlion includes depositing a layer of titanium containing oxide by pulsed-DC, biased reactive spuucring process on a sub-
0 strale. In some embodiments, the layer is TIO~. In some cmhodimcnL~. the layer is a sub-oxide of Titanium. ln some i:mbodimenls, 
> the layer is Ti,Oy wherein xis between about I and about 4 and y is between about I and about 7. In some embodimenL~. the layer can 
~ be doped with om: 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 T40, 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, Tiz03, 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, T407 demonstrates both useful electrical 

conductivity and unusual resistance to oxidation. T40,, however, is also difficult to 

fabricate, especially in thin film form. 

[0004) Additional to the difficulty of fabricating titanium oxide or sub oxide 

materials in useful thin film form, it also has proven difficult to dope these materials 

with, for example, rare earth ions, in useful or uniform concentration. 

[0005] Therefore, utilization of titanium oxide and suboxide films, with or 

without rare earth doping, has been significantly limited by previously available thin 

film processes. If such films could be deposited, their usefulness in capacitor, battery, 

and energy conversion and storage technologies would provide for many value-added 

applications. 

[0006] Current practice for construction of capacitor and resistor arrays and for 

thin filqi energy storage devices is to utilize a conductive substrate or to deposit the 

metal conductor or electrode , the resistor layer, and the dielectric capacitor films 

from various material systems. Such material systems for vacuum thin films, for 

example, include copper, aluminum, nickel, platinum, chrome, or gold depositions, as 

well as conductive oxides such as ITO, doped zinc oxide, or other conducting 

materials. 

[0007) Materials such as chrome-silicon monoxide or tantalum nitride are known 

to provide resistive layers with I 00 parts per million or less resistivity change per 

degree Centigrade for operation within typical operating parameters. A wide range of 

dielectric materials such as silica, silicon nitride, alumina, or tantalum 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 100. 

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 Ti~. 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 lay~r 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 b~ 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 Ti02 layer can be 

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

characteristics with decreasing thickness of the Ti02 layer. In some embodiments, the 

Ti02 layer can be a layer deposited according to some embodiments of the present 

invention. 

[0013] These and other embodiments of the present invention are further 

discussed below with reference to the following figures. 

Short Description of the Figures 

[0014] Figures IA 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 T40, 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 
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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 of Ti02 on n++ wafers. 

(0026] Figure 13 shows a comparison of the leakage current for Ti02 films 

according to embodiments of the present invention with and without erbium ion 

doping. 

[0027) Figures 14A and 14B show a photoluminescence signal measured from a 

5000 A layer of 10% erbium containing Ti02 deposited from a 10% erbium doped 

TiO conductive target and a photoluminescence signal measured from the same layer 

after a 30 minute 250 °C anneal. 

(0028] In the figures, elements having the same designation have the same or 

similar functions. 

Detailed Description 

[0029] Miniaturization is driving the form factor of portable electronic 

components. Thin film dielectrics with high dielectric constants and breakdown 

strengths allow production of high density capacitor arrays for mobile 

communications devices and on-chip high-dielectric capacitors for advanced CMOS 

processes. Thick film dielectrics for high energy storage capacitors allow production 

of portable power devices. 

[0030) Some embodiments of films deposited according to the present invention 

have a combination of high dielectric and high breakdown voltages. Newly 

developed electrode materials allow the production of very thin films with high 

capacitance density. The combination of high dielectric and high breakdown voltages 

produce thick films with new levels of available energy storage according to 

E==l/2CV2
• 

[0031] Deposition of materials by pulsed-DC biased reactive ion deposition is 

described in U.S. Patent Application Serial No. 10/101863, entitled "Biased Pulse DC 

Reactive Sputtering of O,dde 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 1 O for sputtering of 

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

apparatus 10 may, for example, be adapted from an AKT-1600 PVD (400 X 500 mm 

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

substrate size) system from Applied Komatsu, Santa Clara, CA The AKT-1600 

reactor, for example, has three deposition chambers connected by a vacuum transport 

chamber. These A.KT reactors can be modified such that pulsed DC (PDC) power is 

supplied to the target and RF power is supplied to the substrate during deposition of a 

material film. The PDC power supply 14 can be protected from RF bias power 18 by 

use of a filter 15 coupled between PDC power supply 14 and target 12. 

(0033] Apparatus 10 includes a target 12 which is electrically coupled through a filter 

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

sputter source target, which provides material to be deposited on substrate 16. 

Substrate 16 is positioned parallel to and opposite target 12. Target 12 functions as a 

cathode when power is applied to it and is equivalently termed a cathode. Application 

of power to target 12 creates a plasma 53. Sub~trate 16 is capacitively coupled to an 

electrode 17 through an insulator 54. Electrode 17 can be coupled to an RF power 

supply 18. Magnet 20 is scanned across the top of target -12. 

[0034) For pulsed reactive de magnetron sputtering, as performed by apparatus 10, 

the polarity of the power supplied to target 12 by power supply 14 oscillates between 

negative and positive potentials. During the positive period, the insulating layer on 

the surface of target 12 is discharged and arcing is prevented. To obtain arc free 

deposition, the pulsing frequency exceeds a critical frequency that depends on target 

material, cathode current and reverse time. High quality oxide films can be made 

using reactive pulsed DC magnetron sputtering in apparatus 10. 

(0035] Pulsed DC power supply 14 can be any pulsed DC power supply, for example 
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an AE Pinnacle plus lOK by Advanced Energy, Inc. With this example supply, up to 

10 kW of pulsed DC power can be supplied at a frequency of between O 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 1MHz band sinusoidal rejection filter. In some 

embodiments, the bandwidth of the filter can be approximately 100 kHz. Filter 15, 

therefore, prevents the 21MHz power from the bias to substrate 16 from damaging 

power supply 18. 

[0038] However, both RF sputtered and pulsed DC sputtered films are not fully dense 

and may typically have columnar structures. These columnar structures are 

detrimental to thin film applications. By applying a RF bias on wafer 16 during 

deposition, the deposited film can be densified by energetic ion bombardment and the 

columnar structure can be substantially eliminated or completely eliminated. 

[0039] In the AKT-1600 based system, for example, target 12 can have an active size 

of about 675. 70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have 

dimension about 400 X 500 mm. The temperature of substrate 16 can be held at 

between-SOC and 500C by introduction of back-side gas in a physical or electrostatic 

clamping of the substrate, thermo-electric cooling, electrical heating, or other methods 

of active temperature control. In Figure 1 A. 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 1 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 extent 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 highly uhlform. 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, 
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target 12 includes a metallic target material formed from intermetallic compounds of 

optical elements such as Si, Al, Er and Yb. Additionally, target 12 can be formed, for 

example, from materials such as La, Yt, Ag, Au, and Eu. To form optically active 

films on substrate 16, target 12 can include rare-earth ions. In some embodiments of 

target 12 with rare earth ions, the rare earth ions can be pre-alloyed with the metallic 

host components to form intermetallics. 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 0.01 O" to about 0. 020" or less than half a millimeter so as 

to eliminate plasma processes that may occur between adjacent ones of the tiles. The 

distance between the tiles of target 12 and the dark space anode or ground shield 19 in 

Figure lB can be somewhat larger so as to provide non contact assembly or, provide 

for thermal expansion tolerance during processing, chamber conditioning, or 

operation. 

[0045) As shown in Figure 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 

provide~ uniformity of deposited film can be larger than the area in which the 

deposition provides a film with uniform physical or optical properties such as 

chemical composition or index of refraction. In some embodiments, target 12 is 

substantially planar in order to provide uniformity in the film deposited on substrate 

16. In practice, planarity of target 12 can mean that all portions of the target surface 

in region 52 are within a few millimeters of a planar surface, and can be typically 

within 0.5 mm of a planar surface. 
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[0046) Figure 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 of TiOy. Figure 3B shows a first layer 102 according to 
I 

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 a~omplished with embodiments of 

processes according to the present invention on a wide variety of substrates such as 

silicon wafers or glass or plastic sheets at low temperature and over wide area. With 

reference to Figure 3B, layer 102 can be an amorphous film ofTi02, which is 

deposited by a process such as that described in U.S. Application Serial No. 

10/101,341. Utilization or formation of a conducting layer 103 such as TiO or T~01 

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

Ti02 layer 102 is shown in the present invention to substantially reduce or eliminate 

the 'roll off' of the dielectric constant k with decreasing film thickness below about 

I 000 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 of Figure 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 
l 

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 thipkness 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 photocatylitically produce ozone in the 

presence of sunlight. However, in the course of such activity, the TiOz 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 I 03 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 we11 known that certain crystalline suboxides of titania, 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 Tt2 cation in layers having 

the stoichometry TiO. Of the several compositions, T401 in particular is known to 

posses both useful conductivity and also chemical resistance to both anodization, 

which would decrease it's conductivity, as well as reduction, which would decrease 

it's chemical durability. Therefore, as shown in Figure 3A, substrate 101 can be a 
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metallurgical substrate such as aluminum or titanium and layer 102 can be T40,. An 

example is the catalytic ofH2 and 0 2 to make water and electricity. 

[0054] In this disclosure, an amorphous coating layer according to embodiments 

of the present invention, derived from a crystalline target ofT40,, can obtain a 

similar composition as descrilied above, measured as Ti.i06.8. Similar useful levels of 

chemical conductivity can be obtained. The sputtered film was dense, adherent, and 

also displayed robust durability to immersion in concentrated mineral acid and 

oxidizing solution. A similar material was deposited directly from a titanium target 

using the subject reactive sputtering process. 

[0055] The increaseq. density of the amorphous sputtered film according to 

embodiments of the present invention such as film 102 shown in Figure 3A can 

provide high levels of impermeability. Planarization can also be achieved by layer 

102 over structures on substrate 101. Layer 102 can therefore achieve 'atomic' 

smooth surfaces on otherwise rough substrates. The sputtering process according to 

the present invention also allows the formation of a continuous range of 

stoicheometry between what are, in their crystalline environment, 'line compounds' 

with whole number integer ratios of titanium cations to oxygen atoms. In the present 

amorphous films, as long as one Ti+2 has a nearest neighbor cation in the amorphous 

glass matrix with the Tt2 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 multiplayer 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 Ti02 and therefore displays very high level of 

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

be formed by deposition of conductors as layers 103 and I 04 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 IA, can be formed 

by mixing ofTiO 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 CO2) 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 I 02 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 ofblu.e light from a LED to yellow~green light by layer 102. In that case, 
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layer 102 may be cerium doped titanium oxide or sub-oxide. Partial absorption of the 

blue light by layer 102 with conversion to yellow-green light by layer 102 would 

result in a white light source. Other colors of light can be obtained by doping the 

titanium oxide or sub-oxide with other rare earth ions. 

[0061] Figures 4A and 4B illustrate further stackings of layers according to 

embodiments of the present invention. For example, layer 201 can be a Ti02 

· dielectric protective deposited over a conducting layer 103 on substrate 101. Figure 

4B can show dielectric protective layer 201 deposited over conducting protective 

layer 102 of TiOy, 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 illustrated here, layers of various 

compositions ofTixOy, 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 an4 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 I 02. The resulting 

capacitor stack has upper and lower smoothing due to the two TiOy layers and results 

in improved roll-off characteristics in the dielectric constant. Such capacitor stacks 

can be very useful in energy storage devices. 

[0064] Figure 6 shows a transistor structure according to the present invention. A 

source 401, drain 402 and gate structure 404 are deposited on a semiconducting 

substrate 403. An intermediate dielectric 400 can then be deposited over the source, 

drain and gate structure. A protective conducting layer 102, which can be formed of 

TiOy, can then be deposited over an opening in the intermediate dielectric layer 400 
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followed by a conducting layer 103. The protective conducting layer 102 prevents 

roll-off of the gate dielectric 404. 

Example 1. Depositio_n of T~O, film 

[0065] In this example, T407 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 

T40, was bonded onto a backing plate. EbonexTM 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 1.3µs 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 14Alsec over a 40 by 50 cm substrate 10 I. A 100 W at 2 

:Mlh 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 l.68µm. The resistivity of the 

resulting film is measured to be 0.023 ohms-cm. The composition of film was 

determined using EDX to be Ti406.s. 

Example 2. Deposition ofTi02 on Ti-Ti407 film Stack 

[0067] In this example, Ti02 films were deposited using a 2MHz RF biased, Pulse 

DC scanning magnetron PVD process as was previously described in U.S. 

Application Serial No. 10/101,341. The substrate size can be up to 600x720mm2
. 

The target was a -7mm thick, -630x750 mm2 Ti plate of99.9% purity. A pulsed DC 

generator, or PDC power supply from Advanced Energy (Pinnacle Plus) was used as 

the target power supply. The pulsing frequencY, can be varied from 0-350 KHz. 

Reversed duty cycle can be varied from l.3µs to 5µs depending on the pulsing 
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frequency. An ENI RF generator and ENI Impedance matching unit were used for the 

substrate bias. A 100 W with a 2 MHz RF generator, which can be an EFI supply, 

was utilized. The chamber base pressure was kept below 2x10·7 Torr. The substrate 

temperature was below 200°C during deposition. 

(0068] A systematic DOE (design of experiments) were carried out on both. n++ 

type bare Si wafers and Al 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 02 

were kept constant at 100 seem. The PDC target power was between 4 and 7 kW with 

apulsing frequency of between 100 and 250 kHz. The oxygen flow rate ranged from 

30 to 60%. The bias power ranged from Oto 300 Wat 2 Mhz. Both dielectric . 

strength and breakdown voltage were measured using a mercury probe. Film 

thickness in this DOE range from 100nm 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 Ti.iO, layer, and layer 104 is 

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

102, showing the roll off effect. The capacitance of the layer stack 101, 103, 102, and 

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

layer 103. ,The precise thickness of diele<;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 thickness decreases, so does the dielectric 

constant of the Ti02 film. 

[0071] However, this roll-off effect can be greatly reduced or eliminated in certain 

embodiments of the present invention. Figure 8 shows two additional data points 

shown as circles which represent the dielectric constant of thin Ti02 layers for layer 

104 with Ti-Ti.i07 deposited as layer 102 ofFigure 3B. 
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Example 3. Deposition ofTiOi on Ti-Ti01 (x<2) film Stack 

[0072] A layer of Ti02 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 -Ti02 (y<2) film 

stack. The k value of a 200A film ·was as high as 60. 

[0073] Figures 9A and 9B illustrate an SEM cross-section of a T40, 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 Ebonex™ target shown in Figure 9A 

shows an open porousity material with high roughness. The deposited layer shown in 

Figure 9B, however, shows a highly dense layer with a smooth surface condition. 

[0074] Table I shows the effects of the dielectric properties ofTi02 deposited 

according the present invention in comparison with previously obtained values. The . 

values for the previously obtained reactive sputtering was taken from the paper 

"Frequency-Dependent Pulsed Direct Current magnetron Sputtering of Titanium 

Oxide Films," by J. Y. Kirn 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 abov:e. 

Table I 

Process vbd K FM 

(Mv/crn) 

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 

Ti02 deposited according to the present invention have higher dielectric breakdown 

voltages than other dielectric films utilized in industry, which is represented by the 

solid line. However, due to the roll-off in dielectric constant K in films below about 

1000 A in thickness ( as is indicated in the top two points in Figure 10), a capacitance 

density above about 5000 or 6000 pF/mm2 could not be achieved using thinner films. 

This is also shown in Figure 7. 

[0077] However, combined with the use of a conductive sub-oxide and the higher 

dielectric constant of thinner films as shown in Figure 11, a capacitance density of 

12000 pF/mm2 can be achieved with a 500 A thickness film and a capacitance density 

of greater than 24000 pF/mm2 can be achieved with a 220 A film, as is shown in 

Figure 11. These film stacks were deposited as described in Example 3 above. 

[0078] Figure 12 shows a deposited layer 102 on a substrate 101 formed ofn++ 

silicon wafer. Layer 102 is formed of Ti02 deposited according to the present 

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

A layer 1201 is formed of Si02 formed on substrate 101 and is formed about 20 A 
thick. An amorphous layer 1202 of thickness about 250 A is then formed above layer 

1201. Finally, a crystalling Ti02 layer 1203 is formed about 4000 A thick. In some 

embodiments of the present invention, a continuous deposition on a substrate results 

in a first amorphous layer deposited at initially cooler temperature followed by a 

further crystalline layer deposited during the increased temperature of the process. A 

diffraction pattern inset in Figure 12 illustrates the crystalline nature of layer 1203. 

[0079] Table II tabulates data taken from a number of bi-layer film such as that 

shown in Figure 12 and completely amorphous films formed by repeated initial 

deposition layers at cool deposition conditions. Films near 1000 A of thickness are 

compared and display similar values for the dielectric constant. However, the 
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amorphous film exhibits much higher dielectric breakdown strengths. Due to the 

similar thickness and values of the dielectric constant, the two films exhibit similar 

values for capacitance. However, the amorphous film illustrates superior breakdown 

voltage and therefore has a higher figure of merit (FM). These trends are more 

pronounced in the thicker films with thicknesses close to 2000 A. In this case, the 

values of the dielectric constant and capacitance are nearly identical but again there is 

a significantly higher breakdown voltage in the amorphous film, which results in a 

significant improvement in the figure of merit for the amorphous films. 

Tablell 

Film k vbd FM C Breakdown Film 

Thickness (MV/cm) (pF/mm2) Voltage Morphology 

(nm) (V) 

969 63 3.6 227 540 348 Bi-layer 

1036 62 6.4 396 538 660 Amorphous 

2020 98 3.5 335 429 705 Bi-Layer 

2322 98 5.5 539 429 1110 Amorphous 

[0080) Therefore, it is clear that amorphous Ti~ films have much better 

performance. As discussed above, those layers are the result of low temperature 

depositions. Therefore, as was demonstrated with the data shown in Table II, one 

method of producing thick amorphous Ti02 layers is to simply utilize a sequence of 

low temperature depositions, halting the deposition prior to thermal heating of the 

depositing film. However, this method can take a significant amount of production 

time for thick films. Another embodiment of obtaining thick Ti02 amorphous films is 

to apply active cooling to the substrate in an amount sufficient to provide 

continuously amorphous Ti02 films. 

[0081] Figure 13 shows a comparison of the leakage current for Ti02 films 

according to embodiments of the present invention with and without erbium ion 

doping. The lower data points in Figure 13 are from capacitors formed from films 

deposited from a 10 at. % Er doped TiO target. The target was electrically 
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I 

conductive. One example of the 10% doped film of 1000 A thickness was formed 

with 60 seem Ar, 6 seem 0 2, 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 102 is the erbium doped Ti02 

layer, and layer 201 is a titanium copper gold layer. 

[0082] As can be seen in Figure 13, the leakage current density is reduced by 

many orders of magnitude by addition of erbium. 

[0083] Figures 14A and 14B show a photoluminescence signal with excitation at 

580 nm and measurement at 1.53 µm, measured from a 5000 A layer of 10% erbium 

containing Ti02 deposited from a 10% erbium doped TiO conductive target and a 

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

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

the erbium-doped TiO conductive target. 

Table ill 

Thickness Before Anneal I Anneal (0C) After Anneal 

soooA 6704 150 5809 

5000A 6493 200 4042 

soooA 6669 250 2736 

5000A 6493 300 3983 

1 µm 6884 150 6743 

1 µm 5197 200 3685 

1 µm 6253 250 3612 

I µm 5324 300 3381 

[0084) According to some explanations of the reduction of leakage current in 

layers as illustrated by Figure 13, fast electrons that have sufficient energy to excite 
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the erbium ion would cause the rare earth ion to undergo excitation upon electron 

impact or passage within a distance sufficient for energy exchange. Consequently, the 

leakage current electrons capable of causing ionization within the dielectric oxide 

would be reduced by electron collisions with erbium ions. Excited state ions have at 

least two relaxation mechanisms for disposal of the energy: radiative and non

radiative. In radiative relaxation, the excited ion emits light. In non-radiative 

relaxation, the excited ion undergoes a cooperative process with vibrational modes of 

it's host dielectric oxide and produces a vibration which is the elemental form of heat. 

In the data illustrated in Figure 13, it was not possible to observe light in the leakage 

test, but photoluminescence was observed from optical excitation of the similar 10% 

Er doped Ti02 deposited from the 10% Er doped TiO conductive target, as shown in 

Table ill. 

[0085) As can be seen from the data in Table 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/o doped film of2,032 angstroms was 60 seem Ar, 6 seem 0 2, with 

a target power of 3 kW, bias power of 100 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 15 dB gain for signals as weak as -40dB at the 1.5 micron wavelength 

utilized for photonic C band communications. 

[0087) Such a device can be illustrated with Figure 3B, where layer 103 can be a 

conductive layer deposited on substrate 101, layer 102 can be a rare-earth doped Ti02 

layer deposited according to embodiments of the present invention, and layer 104 can 

be a further conductive layer or a conductive transparent layer to form an metal

insulating-metal (M1M) 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 Jift..:off layer such as CaF2 or other organic materia~ layer 102 is 
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the rare-earth doped Ti02 layer, and layer 104 is absent, then upon lift-off or upon 

transfer of layer 102, a free standing or applied layer having electroluminescent or 

photoluminescent applications can be provided over a selected device. 

[0088) Thin films according to the present invention can be utilized in advanced 

display devices, electrical energy storage and conversion, and to form optical and 

electronic films with scratch resistance and barrier properties. Advanced display 

product applications include OLED encapsulation, barriers for flexible polymer 

substrates, outcoupling mirrors and anti-reflection coatings, transparent conducting 

oxides, and semiconducting materials for active matrix displays. Electrical energy 

storage and conversion applications include high density capacitor arrays for mobile 

communication devices, on-chip high "K" capacitors for advanced CMOS, and high 

voltage energy storage for portable power devices. Other applications include touch

sensitive devices and durable bar code scanners and see-through sensors as well as 

implantable biometric devices. 

[0089) The embodiments described in this disclosure are examples only and are 

not intended to be limiting. Further, the present invention is not intended to be 

limited by any particular theory· or explanation presented to explain experimental 

results. As such, examples of titanium oxide and titanium sub-oxide films illustrated 

herein and their applications are not intended to be limiting. One skilled in the art 

may contemplate further applications or films that are intended to be within the spirit 

and scope of the present invention. As such, the invention is limited only by the 

following claims. 
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Oaims 

We claim: 

e 

1. A method of forming a titanium based layer, comprising: 

PCT/US2004/01452.t 

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 claim 2, wherein the layer is deposited between conducting layers 

to form a capacitor. 

S. 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 claim 14, wherein the layer is an optically active layer applied to a 

light-emitting device. 

20. The method of claim 2, wherein the layer is a protective layer. 

21. The method of claim 20, wherein the protective layer is a catalytic layer .. 

22. The method of claim 20, wherein the protective layer includes at least one rare

earth ion. 

23. The method of claim I, wherein the layer is TixOy wherein x is between about I 

and about 4 and y is between about 1 and about 7. 

24. The method of claim 23, wherein the figure of merit of the layer is greater than 

50. 

25. The method of claim 23, further including depositing an Ti02 layer on the layer 

wherein the layer and the Ti02 layers are deposited between conducting layers to 

form a capacitor with decreased roll-off characteristics with decreasing thickness of 

the Ti02 layer. 

26. The method of claim 23, wherein the Ti02 layer is an amorphous layer deposited 

by a pulsed DC, biased, reactive ion process. 

27. The method of claim 23, wherein the layer includes at least one rare.-earth ion. 

28. The method of claim 27, wherein the at least one rare-earth ion includes erbium. 

29. The method of claim 27, wherein the layer is deposited between conducting 

layers to form a light-emitting device. 

30. The method of claim 27, wherein the layer is an optically active layer deposited 

on a light-emitting device. 

31. The method of claim 27, wherein the layer is an optically active layer applied to a 

light-emitting device. 

32. The method of claim 23, wherein the layer is a conducting oxide. 

33. The method of claim 32, wherein the substrate is a conducting electrode and the 

layer is a protective layer. 

34. The method of claim 33, wherein the protective layer is a catalytic layer. 
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35. The method of claim 33, wherein the protective layer includes at least one rare

earth ion. 

36. The method of claim 32, wherein the substrate is a dielectric and the layer is a 

protective layer. 

3 7. 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 opticalJy 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-earµi ion includes erbium. 

58. The layer of claim 55, wherein the layer is deposited between conducting layers 

to form a light-emitting device. 

59. The layer of claim 55, wherein the layer is an optically active layer deposited on a 

light-emitting device. 

60. The layer of claim 55, wherein the layer is an optically active layer applied to a 

light-emitting device. 

61. The layer of claim 43, wherein the layer is a protective layer. 

62. The layer of claim 61, ·wherein the protective layer is a catalytic layer. 

63. The layer of claim 61, wherein the protective layer includes at least one rare-earth 

ion. 

64. The layer of claim 42, wherein the layer is TixOy wherein xis between about 1 

and about 4 and y is between about 1 and about 7. 

65. The layer of claim 64, wherein the figure of merit is greater than 50. 

66. The layer of claim 64, further including depositing an Ti(h 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, wherein 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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ZHANG ET AL. 
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2823 
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8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 
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10)1:8:l The drawing(s) filed on 21 December 2005 is/are: a)l:8:I accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 
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a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
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DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

Page2 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 45, 47, 49, 51, 52, 59 and 60 are rejected under 35 U.S.C. 103(a) as 

being unpatentable over Smolanoff et al. (6,117,279) in view of D'Couto et al. 

(6,673,716). 

Re claims 59 and 60, Smolanoff et al. disclose providing a process gas between 

the target (16) and a substrate (15); providing pulsed DC power to the target (Col. 5, 

lines 50-55); providing a magnetic field to the target (Col. 6, lines 1-7); and wherein a 

material is deposited on the substrate (Col. 5, lines 22-26); and an oxide film is formed 

by reactive sputtering (Col. 6, lines 15+). 

Smolanoff et al. do not disclose wherein the material sputtered is in the metallic 

mode or in the poison mode. 

D'Couto et al. disclose that a material can be sputter neither in the poison mode 

or metallic mode (Col. 1, line 65-Col. 2, line 20). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and D'Couto et al. to enable the sputtering mode step 

of Smolanoff et al. to be performed according to the teachings of D'Couto et al. because 
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one of ordinary skill in the art would have been motivated to look to alternative suitable 

methods of performing the disclosed sputtering step of Smolanoff et al. and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

Re claim 45, Smolanoff et al. disclose wherein the magnetic field is provided by a 

moving magnetron (Col. 5, lines 39-49). 

Re claim 47, Smolanoff et al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Col. 7, lines 22-27). 

Re claim 49, Smolanoff et al. disclose wherein the process gas further includes 

nitrogen (Col. 7, lines 25-26). 

Re claim 51, Smolanoff et al. disclose further including uniformly sweeping the 

target with a magnetic field (Col. 6, lines 1-6). 

Re claim 52, Smolanoff et al. disclose wherein sweeping the target with a 

magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction (Col. 6, lines 1-6). 

Claims 41, 42, 46, 48 and 50 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff in view of D'Couto et al. as applied to claims 45, 47, 49, 

51, 52, 59 and 60 above, and further in view of Chen et al. (2004/0077161 ). 

Re claim 41, Smolanoff et al. disclose wherein the process gas includes oxygen. 
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Re claim 42, Smolanoff et al. disclose wherein the process gas includes N2 or 

The combination of Smolanoff et al. and D'Couto et al. does not disclose wherein 

the target is a metallic target. 

Re claims 41 and 42, Chen et al. disclose forming a coating layer in a substrate; 

applying a magnetic field to a target; wherein the target is a metallic target. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., D'Couto et al. and Chen et al. to enable the target 

material of Smolanoff et al. to be the same according to the teachings of Chen et al. 

because one of ordinary skill in the art would have been motivated to look to alternative 

suitable target materials of the disclosed target of Smolan off et al. and art recognized 

suitability for an intended purpose has been recognized to be motivation to combine. 

See MPEP 2144.07. 

Re claim 46, Chen et al. disclose further including holding the temperature of the 

substrate substantially constant (Page 3, Paragraph [0046]). 

Re claim 48, Chen et al. disclose wherein the oxygen flow is adjusted by the 

mass flow controllers; thereby it will adjust the index refraction of the film. 

Re claim 50, Chen et al. disclose wherein providing pulsed DC power to a target 

includes providing pulsed DC power to a target, which has an area larger than that of 

the substrate (See fig. 3). 
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Claims 43 and 53-58 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Smolanoff et al. in view of D'Couto et al. as applied to claims 45, 47, 49, 51, 52, 59 

and 60 above, and further in view of Milonopoulou et al. (2003/0175142). 

The combination of Smolanoff et al. and D'Couto et al. does not disclose wherein 

the target is a ceramic target. 

Milonopoulou et al. disclose forming a coating layer on a substrate; providing a 

target (12), which is ceramic (Abstract). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., D'Couto et al. and Chen et al. to enable the target 

material of Smolanoff et al. to be the same according to the teachings of Milonopoulou 

et al. because one of ordinary skill in the art would have been motivated to look to 

alternative suitable target materials of the disclosed target of Smolan off et al. and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

Re claim 53, Milonopoulou et al. disclose wherein the target is an alloyed target 

(Abstract). 

Re claim 54, Milonopoulou et al. disclose wherein the alloyed target includes one 

or more rare earth ions. 

Re claim 55, Milonopoulou et al. disclose wherein the alloyed target includes Si 

and Al. 

Re claim 56, Milonopoulou et al. disclose wherein the alloyed target includes one 

or more elements taken from a set consisting of Si, Al, Er and Yb. 

Page 626 of 1053



Application/Control Number: 10/954, 182 

Art Unit: 2823 

Page 6 

Re claim 57, Milonopoulou et al. disclose wherein the alloyed target is a tiled 

target. 

Re claim 58, Milonopoulou et al. disclose wherein each tiled target is formed by 

prealloy atomization and hot isostatic pressing of a powder {Page 2, Paragraph [0020]). 

Allowable Subject Matter 

Claims 87-89 are objected to as being dependent upon a rejected base claim, 

but would be allowable if rewritten in independent form including all of the limitations of 

the base claim and any intervening claims. 

Claims 61, 62 and 85 are allowed. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

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

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
March 6, 2006 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed March 9, 2006, the period for response having been 

extended to August 9, 2006, by a request for extension of two months and authorization for the 

Commissioner to charge the fee to deposit account, please amend the above-identified 

application as follows: 

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of 

this paper. 

Remarks/ Arguments follow the amendment sections on page 6 of this paper. 

Page 634 of 1053



AMENDMENTS TO THE CLAIMS: 

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

application: 

Claims 1-40 (Canceled). 

Claim 41 (Previously presented): The method of claims 59, 60, or 85, wherein the target 

is a metallic target and the process gas includes oxygen. 

Claim 42 (Currently amended): The method of claims 43, 59, 60, or 85, wherein the 

target is a metallic target and the process gas includes one or more of a set consisting of N2, NH3, 

CO, NO, CO2, halide containing gasses. 

Claim 43 (Currently amended): The fflethea ef elaiffls §9, eQ, er 8§, A method of 

depositing a film on a substrate, comprising: 

providing a process gas between a target and a substrate: 

providing pulsed DC power to the target through a narrow band-rejection filter: 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, 

wherein the target is a ceramic target. 

Claim 44 (Canceled). 

Claim 45 (Currently amended): The method of claims 43, 59, 60, or 85, wherein the 

magnetic field is provided by a moving magnetron. 

Claim 46 (Currently amended) The method of claims 43, 59, 60, or 85, further including 

holding the temperature of the substrate substantially constant. 

Claim 47 (Currently amended): The method of claims 43, 59, 60, or 85, wherein the 

process gas includes a mixture of Oxygen and Argon. 

-2-
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Claim 48 (Currently amended): The method of claims 43, 59, 60, or 85, wherein the 

Oxygen flow is adjusted to adjust the index ofrefraction of the film. 

Claim 49 (Currently amended): The method of claims 43, 59, 60, or 85, wherein the 

process gas further includes nitrogen. 

Claim 50 (Currently amended): The method of claims 43, 59, 60, or 85, wherein 

providing pulsed DC power to a target includes providing pulsed DC power to a target which has 

an area larger than that of the substrate. 

Claim 51 (Currently amended): The method of claims 43, 59, 60, or 85, further including 

uniformly sweeping the target with a magnetic field. 

Claim 52 (Previously presented): The method of claim 51 wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction. 

Claim 53 (Currently amended): The method of claims 43, 59, 60, or 85, wherein the 

target is an alloyed target. 

Claim 54 (Previously presented): The method of claim 53 wherein the alloyed target 

includes one or more rare-earth ions. 

Claim 55 (Previously presented): The method of claim 53 wherein the alloyed target 

includes Si and Al. 

Claim 56 (Previously presented): The method of claim 53 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. 

-3-
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Claim 57 (Previously presented): The method of claim 53 wherein the alloyed target is a 

tiled target. 

Claim 58 (Previously presented): The method of claim 57 wherein each tile of the tiled 

target is formed by prealloy atomization and hot isostatic pressing of a powder. 

Claim 59 (Currently amended): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target through a narrow band-rejection filter; 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, and 

an oxide film is formed by reactive sputtering in metallic mode. 

Claim 60 (Currently amended): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target through a narrow band-rejection filter; 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, and an oxide film is formed by reactive 

sputtering in poison mode. 

Claim 61 (Previously presented): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a metallic target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning a metallic target; 

wherein a material is deposited on the substrate. 

Claim 62 (Previously presented): The method of claim 61, wherein reconditioning the 

-4-
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metallic target includes: 

reactive sputtering in the metallic mode and then reactive sputtering in the poison mode. 

Claims 63-84 (Canceled). 

Claim 85 (Previously presented): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, and an oxide film is formed by reactive 

sputtering in a mode between a metallic mode and a poison mode. 

Claim 86 (Canceled). 

Claim 87 (Currently amended): The method according to claims 43, 59, 60, or 85, furtlier 

eemf)risiag: wherein the narrow band-rejection filter rejects power at an RF frequency, and 

further including 

f)f0Yieliag a aarrev,r eand RF f:.'ilter aetv,reea the f)\ilsed DC f)0V/0f Slif)f)ly and the 

target; and 

providing an RF bias to the substrate at the RF frequency. 

Claim 88 (Currently amended): The method according to claim 87, wherein the aarrew 

baad RF narrow band-rejection filter has a bandwidth of about 100 kHz. 

Claim 89 (Currently amended): The method according to claim 87, wherein the RF &i-as

has a freeiaeaey ef frequency is about 2 MHz. 

Claims 90-92 (Canceled). 

-5-
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REMARKS 

Claims 41-43, 45-62, 85, and 87-89 are pending in this application. The Examiner has 

rejected claims 41-43 and 45-60, objected to claims 87-89, and allowed claims 61, 62, and 85. In 

this Amendment, claims 42, 43, 45-51, 53, 59-60, and 87-89 have been amended. Claim 43 has 

been amended to be independent. Claims 42, 45-51, 53, and 87 have been amended to adjust 

their dependency. Claims 87-89 have been further amended for clarity to better claim the 

invention. Claims 59 and 60 have been amended as described below. 

Claim Reiections under 35 U.S.C. § 103 

Claims 45, 47, 49, 51, 52, 59, and 60 

The Examiner rejected claims 45, 47, 49, 51, 52, 59, and 60 under 35 U.S.C. 103(a) as 

being unpatentable over U.S. Patent No. 6,117,279 ("Smolonoff et al.") in view of U.S. Patent 

No. 6,673,716 ("D'Couto et al."). 

In the interest of furthering prosecution, Claims 59 and 60 have been amended to clarify 

that the pulsed DC power is supplied to the target through "a narrow band-rejection filter." 

Neither Smolonoff nor D'Couto teach a narrow band-rejection filter between the pulsed-DC 

power and the target. Further, the band-rejection filter is the subject matter of claim 87, which 

the Examiner has indicated would be allowable if rewritten in independent form. 

Claims 45, 47, 49, 51, and 52 are multiply-dependent claims that depend from claims 43, 

59, 60, or 85. The Examiner has indicated that claim 85 is allowable. Claims 59-60 are 

allowable, as discussed above. Claim 43, which also recites "a narrow band-rejection filter," is 

allowable over Smolonoff and D'Couto at least for the same reasons as discussed above. 

-6-
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Claims 41, 42. 46. 48. and 50 

The Examiner rejected claims 41, 42, 46, 68, and 50 under 35 U.S.C. 103(a) as being 

unpatentable over Smolonoff et al. in view ofD'Couto et al. as applied to claims 45, 47, 49, 51, 

52, 59, and 60, and further in view of U.S. Published Application No. 2004/0077161 ("Chen et 

al."). 

As discussed above, claims 43, 59, 60, and 85 are allowable over Smolonoff in view of 

D'Couto. Chen does not cure the defects in Smolonoff and D'Couto, and therefore claims 43, 

59, 60, and 85 are allowable over the combination of Smolonoff, D'Couto, and Chen. Claim 41 

is a multiply dependent claim that depends from claims 59, 60, or 85 and is therefore allowable 

for at least the same reasons as is claims 59, 60, and 85. Claims 42, 46, 48, and 50 are multiple 

dependent claims that depend from claims 43, 59, 60, or 85 and are therefore allowable for at 

least the same reasons as is claims 43, 59, 60, and 85. 

Claims 43 and 53-58 

The Examiner has rejected claims 43 and 53-58 under 35 U.S.C. § 103(a) as being 

unpatentable over Smolonoffet al. in view ofD'Couto et al. as applied to claims 45, 47, 49, 51, 

52, 59, and 60 above, and further in view ofMilonopoulou et al. (2003/0175142). 

As an initial matter, Milonopoulou can not be considered prior art to the present 

application. Milonopoulou was co-filed on March 16, 2002 along with the parent application of 

the present application (U.S. Application No. 10/101,863). These two applications cross

reference each other and are incorporated by reference one into the other. Milonopoulou is 

incorporated into the present application in Paragraph [0048], as amended in the preliminary 

-7-
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amendment filed with the present continuation application on September 30, 2004. The parent of 

the present application is incorporated by reference in Paragraph [0039] of Milonopoulou. 

As discussed above, claims 43, 59, and 60 are allowable over the combination of 

Smolonoff and D'Couto. Claims 53-58 depend from claims 43, 59, 60, and 85 and are therefore 

allowable for at least the same reasons as is claims 43, 59, 60, and 85. 

Allowable Subiect Matter 

The Examiner objected to claims 87-89 as being independent upon a rejected base claim, 

but would be allowable if rewritten in independent form including all of the limitations of the 

base claim and any intervening claims. The Examiner has further indicated that claims 61, 62, 

and 85 are allowed. 

Subject matter from claim 87 has been incorporated in independent claims 43, 59, and 60. 

Current claims 87-89 are multiply dependent and depend from claims 43, 59, 60, or 85. Claims 

87-89, therefore, are allowable for at least the same reasons as are claims 43, 59, 60, and 85. 

Conclusion 

In view of the foregoing amendments and remarks, Applicants respectfully request 

reconsideration and reexamination of this application and the timely allowance of the pending 

claims. 

-8-
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Please grant any extensions of time required to enter this response and charge any 

additional required fees to Deposit Account No. 06-0916. 

Date: August 9, 2006 

EXPRESS MAIL LABEL NO. 
EV 901S62S45 US 

Respectfully submitted, 

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

By~;ZI 
Gar . w s 
Reg. No. 41,008 

-9-
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

PETITION FOR EXTENSION OF TIME 

Applicants petition for a two month extension of time to reply to the Office action of 

March 9, 2006. The Commissioner is hereby authorized to charge the fee of $450.00 to Deposit 

Account No. 06-0916. 

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

additional required fees to our deposit account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & D ER, L.L.P. 

CO 00000010 060916 109S4182 

Date: August 9, 2006 

EXPRESS MAIL LABEL NO. 
EV 901562545 US 
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PATENT 
c: Customer No. 22,852 

AUG O 9 100u 1J: SJ Attorney Docket No. 9140.0016-01 

4l1tJ.D.e# 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

FIFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97{c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed after the events recited in Section l.97(b) but, to the undersigned's knowledge, before the 

mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the 

provisions of 37 C.F.R. § l.97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 to Deposit Account No. 06-0916 as specified by Section l .17(p ). 

Copies of the listed non-patent literature documents are aAftdt¥&!~6<!!~~g oM@BUl.860916 10954182 
02 FC:1806 180,00 DA 

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. 
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Appl. No. 10/954, 182 
Atty. Docket No. 9140.0016-01 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, F ARABOW, 
GARRETT & D ER, L.L.P. 
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[Pulvermetallurgisches Verfahren zur Herstellung von Targets] 
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For Judging Patentability: 

Dr. Stephan Schittny et al. 
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DE 35 37 191 Al 

1 

1. Process for the preparation of highly pure mechanically stable and dense targets of rare 

earths and the transition metals iron, cobalt and/or nickel for cathode evaporation and 

vaporization installations by means of the action of pressure and temperature on a corresponding 

powder mixture in an inert-gas atmosphere or under vacuum, characterized in that the rare earths 

are inserted with the corresponding transition metals in the form of master alloys. 

2. The process of Claim 1, characterized in that master alloys having a eutectic 

composition are inserted. 

Description 

The invention pertains to a process for the preparation of highly pure, mechanically stable 

and dense targets of rare earths and the transition metals iron, cobalt and/or nickel for cathode 
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evaporation and vaporization installations by means of the action of pressure and temperature on 

a corresponding powder mixture in an inert-gas atmosphere or under vacuum 

Targets are required in installations for cathode evaporation and for the vaporization of 

objects. With the aid of cathode evaporation (sputtering) and vaporization, a thin layer can be 

produced on a substrate, the applications for which span from functional layers in electronics and 

data systems engineering through corrosion-protective layers and anti-abrasion layers to optical 

layers for decorative and thermic purposes. 

In cathode evaporation, an electrical gas discharge occurs between cathode (target) and 

counter electrode, during which impacting ions eject particles of atomic size from the target, 

which condense on substrates arranged in the area of the counter electrode. 

Either inert gases such as argon or helium, or reactive gases, such as oxygen, nitrogen or 

acetylene are put in at low pressure as a gas discharge atmosphere. 

In inert gas sputtering, the target commonly is composed of the material of which the 

layer to be formed shall be composed, while in reactive sputtering, ejected target particles react 

with the reaction gas and are condensed as a layer in the form of a reaction product. 

In the vaporization process, the target material is thermally vaporized in a vacuum by 

means of electron beam heating or resistance heating and deposited as a thin layer on the 

substrate. 

Targets commonly can be prepared using melting technology with corresponding 

secondary processing by means of non-cutting and tensioning processes or with powder 

metallurgy, by means of compressing and sintering corresponding powders or powder mixtures. 

For target materials, which owing to their composition contain higher portions of brittle 

phases, preparation processes using melting technology prove to be problematic, since such 

targets when cooling after casting exhibit fissures owing to thermal stress and can crumble into 

pieces. In addition, such materials cannot for the most part be mechanically machined, such that 

certain desirable target geometries cannot be prepared. 

Powder-metallurgical processes exhibit problems with those target materials containing 

higher portions of reaction-sensitive components and that react, e.g., with atmospheric oxygen. 

Due to the large specific surface area of the powder and the resulting reactivity, high-value target 

qualities having low oxygen content cannot be produced using powder metallurgy. 

In addition, products prepared using powder metallurgy for the most part exhibit a 

partially open residual porosity, which is intolerable for oxygen sensitive target materials due to 

the potential oxidation of the entire target. 

These preparation difficulties appear particularly for targets containing a predominance 

of rare earths and transition metals. 
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A powder-metallurgical process for the preparation of targets of rare earths and the 

transition metals iron, cobalt and nickel is known from DE-OS 35 37 191, for which a powder 

mixture of rare earths and the aforementioned transition metals is subjected to hot forming under 

decreased pressure and under inert gas at temperatures below the eutectic point, with a brittle 

intermetallic compound developing at the boundary between the rare earth metal and the 

transition metal. This process has the disadvantage that hot forming must be carried out 

expensively for a minimum of at least two hours, by means of which noticeable quantities of 

brittle intermetallic phases are formed, that powder preparation for rare earths is associated with 

difficulties and that the oxygen content in the powder ofrare earths is still relatively high. 

It was thus the problem of the present invention to develop a process for the preparation 

of highly pure, mechanically stable and dense targets of rare earths and the transition metals iron, 

cobalt and/or nickel for cathode evaporation and vaporization installations by means of the 

action of pressure and temperature on a corresponding powder mixture in an inert-gas 

atmosphere or under vacuum that without great technical expense supplies a product containing 

limited portions of and a fine distribution of brittle phases and as little oxygen as possible. 

This problem is solved in accordance with the invention by means of the fact that the rare 

earths are inserted with the corresponding transition metals in the form of master alloys. 

Preferably, master alloys having a eutectic composition are inserted. 

Reaction sensitive rare earths are processed into powders and/or shavings not as such, but 

as master alloys of rare earths and the corresponding transition metals, which in comparison to 

pure components feature lower melting points, are well intermixed with powders and/or shavings 

of the transition metals and are compacted into targets. The compacting of said mixture can be 

carried out by means of sintering, hot-rolling, hot-pressing, hot-forging, high-temperature 

isostatic pressing or combinations thereof in a vacuum or under inert gas. 

The conditions for compacting (temperature, pressure, time, degree of deformation) are 

selected such that a mechanically stable compound material emerges, the grain structure of 

which, as a non-equilibrium state, features only limited portions of brittle equilibrium phases 

formed by means of diffusion at the boundaries of the rare earth phases and the transition metal 

phases. Through the use of master alloys between rare earths and transition metals, relatively low 

compacting temperatures and brief compacting times can be selected. This leads to a decreased 

technical expense and to a limited formation of diffusion zones of brittle non-equilibrium phases 

at the contact locations of the powder grains and in the grains. 

Surprisingly, it has been shown that fundamentally simpler, highly pure and low-oxygen 

powders or shavings can be prepared out of master alloys of rare earths with corresponding 

transition metals rather than out of pure rare earths. These master alloys may be used to produce 

shavings and powders, e.g., by means of machining, such as milling or filing under protective 
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gas, which is not possible without difficulty with pure rare earth metals, owing to their ductility, 

even with subsequent grinding. During the comminution process, the brittle phase portions of the 

most extremely fine grain structure of master alloys causes the formation of particles having a 

suitable grain shape and grain size distribution, enabling a powder preparation having a good 

yield and very low oxygen content(< 500 ppm). 

Likewise in powder preparation by means of inert gas atomization, lower values of 

impurities and more limited oxygen content in the powder are achieved from lower melting 

master alloys owing to lower reaction rates with the crucible material and with the atmosphere at 

lower process temperatures and owing to the briefer residence time in the installation. Moreover, 

the atomization parameters (superheating, cooling rates, process gas pressure, etc.) can be 

optimized to a wide degree, such that the powder yield and the grain fraction can be adjusted 

more favorably in comparison to atomization of pure rare earths. 

Surprisingly, the use of master alloys of rare earths and transition metals leads to 

compacting times considerably briefer in comparison to those with the use of pure rare earths, 

signifying a significant economic advantage of this process. 

As a rule, compacting times are less than one hour and, more often than not, less than 30 

minutes. Apart from this, targets prepared in accordance with the invention exhibit more 

favorable mechanical and magnetic properties in comparison to targets produced with powder 

metallurgy from pure metals. As has been shown, this is based on an advantageous distribution 

of portions present in the grain structure of free iron, cobalt and/or nickel, on the limited 

quantities of intermetallic phases and on the residual eutectic originating from the master alloys. 

The following examples shall explain the process in accordance with the invention in 

greater detail: 

1) In order to prepare highly pure, compact, mechanically stable sputter targets, first a 

master alloy of 80 atom% terbium and 20 atom% iron is prepared in a vacuum induction oven 

(I 0-5 Pa). Subsequent pulverization and further processing is carried out exclusively under argon 

protective gas. With the aid of a wave-milling cutter, the ingot is machined to a coarse powder. A 

terbium-iron powder having an average grain size~ 105 µm and having a yield of70-80% is 

obtained by means of subsequent grinding in a ball mill. The desired target composition of, e.g., 

67 atom% iron, 25 atom% terbium and 8 atom% cobalt is regulated by means of a 20 minute 

mixing of the corresponding iron, cobalt and master alloy powder quantities in an asymmetric 

moved mixer. 

The processes of high-temperature isostatic pressing (HIP), hot-rolling and hot-forging in 

a capsule were employed in order to compact the powder mixture into targets. 

For high-temperature isostatic pressing, process parameters of 820°C final temperature, 

200 Mpa pressure and 20 minute residence time at the final temperature were selected. Sheet 
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steel cans were used as containers, which prior to being brought into the installation were 

evacuated at 300°C for over 3 hours. This produces mechanically stable, machinable molding 

bodies featuring a non-equilibrium grain structure of iron grains, zones of intermetallic phases 

and residual eutectic. The density is> 99% of the theoretical density, the oxygen content less 

than 1200 ppm. Longer residence times of, e. g., 1-2 hours at 820°C result in a wide reaching 

formation of large-surface zones of the intermetallic equilibrium phases, which causes an 

undesirable brittleness of the grain structure. It is for this reason that residence times as brief as 

possible are to be observed. 

5 

For compacting by means of hot-rolling, the powder mixture is filled in a sheet iron 

capsule, which is evacuated and welded shut. Conversion occurs at 650°C up to a degree of 

conversion of approximately 60% in several passes in a period of few minutes. After removal of 

the capsule material, a stable, highly pure target is yielded having a density of:::: 99% of the 

theoretical density and an oxygen content of 1200 ppm The grain structure is of a form similar to 

that for compacting by means of high-temperature isostatic pressing. 

For hot-forging, the powder mixture likewise is filled in a sheet steel can and evacuated. 

The forging process can be carried out at 80D°C in a 200 ton forge. The achievable density is, at 

60% conversion:::: 99% of the theoretical density. 

2. A different type of powder preparation is atomization of a melt in an inert-gas flow. 

For the use of low-melting point master alloys of the composition 66 atom% gadolinium, 18 

atom% iron and 16 atom% cobalt having a melting temperature of approximately 620°C, an 

atomizing temperature of 700-80D°C can be selected. This comparatively very low atomizing 

temperature enables, for extremely reactive rare earth materials, the preparation of low-oxygen, 

very pure master alloy powders, since the reaction of the melt with the crucible material and with 

the atmosphere is comparatively limited. Moreover, the master alloy melt exhibits a favorable 

viscosity and surface tension at these temperatures, such that the atomized powder features good 

yields of e.g., 80-90% at a grain size~ 88 µm. With the aid of the mixing and compacting 

processes described in Example 1, highly pure, compact, stable molding bodies having oxygen 

contents< 1000 ppm likewise are obtained. The non-equilibrium grain structures in turn are 

composed of iron grains, zones of intermetallic phases and residual eutectic. 

Since the intermetallic phases are present in a fine distribution in the master alloys, and 

the grain structure is not very brittle, the blend portion of free iron can be reduced in comparison 

with the intermetallic phases by varying the composition of the master alloys, The magnetic 

properties of the targets, which are important for magnetron sputtering, can be improved by said 

means. 
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Patentansprilche Pulvennetallurgische · Verfahren zeigen bei denjeni-
gen Targetmaterialien Probleme, die hohere Anteile an· . 

1. Verfahren zur Herstellung von hochreinen me- reak.tionsempfindlichen Komponenten ·enthalten, und 
chanisch stabilen und dichten Targets fOr Katho- z. B. mit dem Luftsauerstoff reagieren. Wegen der gro-
denzerstiiubungs- und Bedarnpfungsanlagen aus s Ben spezifischen Oberfli!.che. der Pulver und der daraus 
Seltenen Erden und den Obergangsmetallen Eisen, resultierenden Reak.tionsfreudigkeit !assen sich keine 
Kobalt µrid/oder Nickel <lurch Einwirkung von hochwertigen Targetqualitaten rnit niedrigem Sauer-
Druck und Temperatur auf entsprechende Pulver- stoffgehalt pulvermetallurgisch herstellen. 
gemische in Inertgasatmosphi!.re oder unter Vaku- AuBerdem weisen pulvermetallurgisch hergestellte 
um, dadurch gekennzeichnet, daB die Seltenen Er- 10 Produkte meist eine zum Teil offene Restporositlit auf, 
den in Form von Vorlegierungen mit den entspre- die bei sauerstoffempfindlichen Targetmaterialien we-
chenden Obergangsmetallen eingesetzt werden. gen der moglichen Oxidation des gesamten Targets 
2 Verfahren nach Anspruch 1, dadurch gekenn- nicht tolerierbar ist. 
zeichnet, daB Vorlegierungen mit eutektischer Zu- Diese Herstellungsschwierigkeiten treten insbeson-
sammensetzung eingesetzt werden. 15 dere bei Targets auf, die Oberwiegend Seltene Erden 

und Obergangsmetalle enthalten. 
Beschreibung Aus der DB-OS 35 37 191 ist ein pulvermetallurgi-

. sches Verfahren zur Herstellung von Targets aus Selte-
Die Erfindung betrifft ein Verfahren zur Herstellung nen. Erden und den Obergangsmetallen Eisen, Kobalt 

von hochreinen, mechanisch stabilen und dichten Tar· 20 und Nickel bekannt, bei dem ein Pulvergernisch aus Sel-
gets fOr Kathodenzersti!.ubungs- und Bedampfungsanla· tenen Brden und den genannten Obergangsmetallen·un-
gen aus Seltenen Brden und den Obergangsmetallen ter verrnindertem Druck und unter Inertgas bei Tempe-
Eisen. Kobalt und/oder Nickel durch Einwirkting von raturen unterhalb des eutektischen Punktes einer 
Druck undTemperatur auf entsprechende Pulvergemi- Warmverformung unterzogen wird, wobei .sich eine 
sche in Inertgasatmosphare oder unter Vakuum. 25 sprode intennetallische Verbindung an der Grenzfli!.che 

Targets werden in Anlagen zur Kathodenzerstiiu0 zwischen dem Seltenen Erdmetall und dem Obergangs-
bung und zur Bedampfung von Gegensti!.nden benotigt. metall ausbildet. Dieses Verfahren hat den Nachteil, daB 
Mit Hille der Kathodenzerstiiubung (Sputtern} und des die Wannverformung aufwendig mindestens zweiStun-
Bedampfens konnen dOnne Schichten auf Substraten den lang erfolgen muB, wodurch sich bemerkbare Men-
erzeugt werden, deren Anwendung· von funktionalen 30 gen an sproden intermetallischen Phasen bilden, daB die 
Schichten in der Elektronik und Datentechnik iiber Pulverherstellung bei den Seltenen Erden mit Schwie-
Korrosions- und Verschlei.Bschutzschichten bis zu opti- rigkeiten verbunden ist und der Sauerstoffgehalt im Pul~ 
schen Schichten fOr dekorative und wi!.rmetechnische ver der Seltenen Erden noch relativ hoch ist. 
Zwecke reicht. Es war daher Aufgabe der vorliegenden Erfinaung, 

Beim Kathodenzerstliuben findet zwischen Kathode 35 ein Verfahren zur Herstellung von hochreitlen, mecha-
(Target) und Gegenelektrode eine elektrische Gasentla- nisch stabilen und dichten Targets fOr Kathodenzerstau-
dung statt, bei dervon den aufprallenden Ionen aus dem bungs- und Bedampfungsanlagen aus Seltenen Erden 
Target Teilchen von atomarer GroBe herausgeschlagen und den Obergangsmetallen Eisen,. Ko bait und/oder 
und auf Substraten, die im Bereich der Gegenelektrode Nickel durch Einwirkung von Druck und Temperatur 
angeordnet sind, niedergeschlagen werden. 40 auf entsprechende Pulvergemische in Inertgasatmo-

Als Gasentladungsatmosphi!.re werden entweder sphi!.re oder unter V akuum zu entwickeln, das ohne gro-
inerte Gase, wie beispielsweise Argon oder Helium, Ben technischen Aufwand ein Produkt liefert, das gerin-
oder reak.tive Gase, wie z. B. Sauerstoff, Stickstoff oder ge Anteile und eine feine Verteilung an sproden Phasen 
Acetylen, bei geringem Druck eingesetzt. und moglichst wenig Sauerstoff enthlilt. 

Beim Inertgassputtem besteht das Target iiblicher- 45 Diese Aufgabe wird erfindungsgemi!.B dadurch gelost, 
weise aus dem Material, aus dem die zu bildende Schicht daB die Seltenen Erden in Form von Vorlegierungen rnit 
bestehen soil, wiihrend beim Reaktivsputtern die her- den entsprechenden Obergangsmetallen eingesetzt 
ausgeschlagenen Targetteilchen mit dem Reaktionsgas werden. 
reagieren und in Form eines Reaktionsproduktes als Vorzugsweise werden Vorlegierungen rnit, eutekti-
Schicht niedergeschlagen werden. so scher Zusammensetzung eingesetzt. . 

Bei den Bedampfungsverfahren wird das Targetmate- Die reaktionsempfinc!Uchen Seltenen Erden werden 
rial im Vakuum <lurch Blektronenstrahl· oder Wider- nicht als solche, sondern als Vorlegierungen aus Selte-
standsbeheizung thermisch verdampft und als dilnne nen Erden und den entsprechenden Obergangsmetallen, 
Schicht auf dem Substrat abgeschieden. die im Vergleich zuden reinen Komponenten niedrigere 

Die Targets konnen Oblicherweise schmelztechnisch ss Schmelzpunkte aufweisen, zu Pulvem und/oder Splinen 
hergestellt werden mit entsprechender Nachbearbei- verarbeitet, mit Pulvern und/oder Spiinen der Ober· · 
tung <lurch umformende und . spannende Verfahren, gangsmetalle gut durchrnischt und zu Targets kompak· 
oder pulvermetallurgisch durch Pressen und Sintem tiert. Die Kompaktierung dieser Mischung kann <lurch 
entsprechender Pulver bzw. Pulvergemische.·· Sintem, Warmwalzen, HeiBpressen, Warmschrnieden, 

Bei Targetmaterialien, die aufgrund ihrer Zusammen- 60 HeiBisostatische PreBverfahren oder Kombinationen 
setzung hohere Anteile an sproden Phasen enthalten, daraus im Vakuum oder unter Inertgas erfolgen. 
erweisen sich schmelztechnische Herstellverfahren als Die Kompaktierungsbedingungen (Temperatur, 
problematisch, da solche Targets beim AbkOhlen nach Druck:, Zeit, Umformungsgrad} werden so gewiihlt, daB 
dem GieBen aufgrund von thermischen Spannungen ein mechanisch stabiles Verbundmaterial entsteht, des· 
Risse aufweisen und ·in St0cke zerfallen konnen. Dar- 65 sen Gefilge als Ungleichgewichtszustand nur geringe 
Ober hinaus sind solche Materialien meist nicht mecha- Anteile an sproden Gleichgewichtsphasen aufweist, die 
nisch bearbeitbar, so daB bestimmte wiinschenswerte <lurch Diffusion an den Grenzf!achen der Seltenen Erd-
Targetgeometrien nicht herstellbar sind. Phasen und der Obergangsmetallphasen gebildet wer· 
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den. Durch die Verwendung van Vorlegierungen zwi
schen Seltenen Erden und Obergangsmetallen ktlnnen 
relativ niedrige Kompaktierungstemperaturen und kur-
ze Kompaktierungszeiten ausgewiihlt werden. Das 
fOhrt zu einem verminderten technischen Aufwand und s 
zu einer geringen Ausbildung von Diffusionszonen aus 
sprciden Ungleichgewichtsphasen an den BerOhrungs
stellen der Pulverkorner und in den Komern. 

Es hat sich Oberraschenderweise gezeigt, daB aus 
Vorlegierungen der Seltenen Erden mit den entspre- to 
chenden Obergangsmetallen wesentlich einfacher, 
hochreine und sauerstoffarme Pulver oder Spane her· 
stellbar sind als aus den reinen Seltenen Erden. Aus 
diesen Vorlegierungen !assen sich z. B. durch spanende 
Bearbeitung, wie Friisen oder Feilen, unter Schutzgas 1s 
Spline und Pulver erzeugen, was bei den reinen Seltenen 
Erd.Metallen auf Grund ihrer Duktilitiit auch mit nach
folgendem Mahlen nicht ohne Schwierigkeiten moglich 
ist. Die sproden Phasenanteile des ll.uBerst feinen Gefn· 
ges der Vorlegierungen bewirken beim Zerkleinerungs· 20 
vorgang die Bildung von Partikeln mit geeigneter Korn
form und KorngroBenverteilung, so daB eine Pulverher
stellung mit guter Ausbeute und sehr niedrigem Sauer
stoffgehalt ( < 500 ppm) moglich ist. 

Ebenso werden bei der Pulverherstellung durch 25 
Inertgasverdiisen aus den niedriger schmelzenden Vor
legier:ungen aufgrund der bei den tieferen ProzeBtem· 
peraturen geringeren Reaktionsgeschwindigkeiten mit 
dem Tiegelmaterial und mit der Atmosphll.re und auf
grund der kOrzeren Verweilzeit in der Anlage, niedrige- 30 
re Werte an Verunreinigungen und geringere Sauer· 
stoffgehalte im Pulver erzielt. Desweiteren !assen sich 
bier die VerdOsungsparameter (()berhitzung, Abkiihlra-

. te, ProzeBgasdruck usw.) in weiten MaBen optimieren, 
so daB die Pulverausbeute und die Kornfraktion im Ver- 35 
gleich zur VerdOsung der reinen Seltenen Erden giinsti· 
ger eingestellt werden ktlnnen. 

Die Verwendung van Vorlegierungen aus Seltenen 
Erden und Obergangsmetallen fiihrt im Vergleich zur 
Verwendung der reinen Seltenen Erden ilberraschen· 40 
derweise zu wesentlich kiirzeren Kompaktierungszei· 
ten, was einen bedeutenden wirtschaftlichen Vorteil die
ses Verfahrens bedeutet. 

Die Kompaktierungszeiten liegen in der Regel unter· 
halb einer Stunde, meist unterhalb van 30 Minuten. Dar· 45 
iiber hinaus zeigen die erfindungsgemll.B hergestellten 
Targets im Vergleich zu Targets, die pulvermetallur
gisch aus den reinen Metallen hergestellt wurden, giin
stigere mechanische und magnetische Eigenschaften. 
Dies beruht, wie sich gezeigt hat, auf einer vorteilhaften so 
Verteilung der im GefOge vorhandenen Anteile an frei
em Eisen, Kobalt und/oder Nickel, an den geringen 
Mengen intermetallischer Phasen und an dem aus den 
Vorlegierungen stammenden Resteutektikum. 

Die folgenden Beispiele sollen das erfindungsgemll.Be ss 
Verfahren niihererlautem: 

1) Zur Herstellung von hochreinen, kompakten, 
mechanisch stabilen Sputtertargets wird zuerst ei-
ne Vorlegierung aus 80 Atom% Terbium und 20 60 
Atom% Eisen in einem Vakuuminduktionsofen 
(10-5 Pa) hergestellt. Die anschlieBende Pulverisie
rung und Weiterverarbeitung erfolgt ausschlieB!ich 
unter Argon-Schutzgas. Mit Hilfe eines Wellenfrli· 
sers wird der GuBblock zu grobem Pulver zerspant. 65 
Durch anschliel3endes Mahlen in einer KugelmOhle 
erhiilt man ein Terbium-Eisenpulver mit einer mitt· 
leren Komgr6Be s 105 µm und mit einer Ausbeute 

von 70-800/o. Die gewOnschte Targetzusammen· 
setzung van z. B. 67 Atom% Eisen, 25 Atom% Ter· 
bium und 8 Atom% Kobalt wird durch 20 miniiti
ges Mischen der entsprechenden Eisen-, Kobalt· 
und Vorlegierungspulvermengen in einem Taumel
mischer eingestellt. 
Zurn Kompaktieren der Pulvermischung zu Tar
gets wurden die Verfahren des HeiBisostatischen 
Pressens (HIP) des Warmwalzens und des HeiB
schmiedens in einer Kapsel angewendet. 
Beim HeiBisostatischen Pressen werden als Pro· 
zel3parameter 820°C Endtemperatur, 200 MPa 
Druck und 20 min Haltezeit bei Endtemperatur ge
wiihlt. Als Behll.lter wurden Stahlblechkannen ver
wendet, die var Einbringen in die Anlage bei 300°C 
Ober 3 Stunden evakuiert wurden. Man erhlllt auf 
diese Weise mechanisch Stabile, bearbeitbare 
Formkorper, die ein Ungleichgewichtsgefage aus 
Eisenkomem, Zonen van intermetallischen Phasen 
und Resteutektikum aufweisen. Die Dichte ist 
>990/o der theoretischen Dichte, der Sauerstoffge· 
halt liegt unterhalb 1200 ppm. Liingere Haltezeiten 
van z. B. 1-2 Stunden bei 820°C haben eine weit· 
gehende Ausbildung van grol3fllichigen Zonen der 
intennetallischen Gleichgewichtsphasen zur Falge, 
was eine unerwiinschte Versprodung des Gefilges 
bedingt. Es sind daher moglichst kurze Haltezeiten 
einzuhalten. 
FOr das Kompaktieren durch Warmwalzen wird 
das Pulvergemisch in eine Eisenblechkapsel einge
fnllt, die evakuiert und zugeschweiBt wird. Die Um
formung erfolgt bei 650°C bis zu einem Umform
grad van ca. 600/o in mehreren Stichen in einem 
Zeitraum von wenigen Minuten. Nach Entfemen 
des Kapselmaterials ergibt sich ein stabiles, hoch
reines Target mit einer Dichte von ""'990/o der theo
retischen Dichte und einem Sauerstoffgehalt van 
1200 ppm. Das Gefage ist iihnlich ausgebildet wie 
bei der Kompaktierung durch HeiBisostatisches 
Pressen. 
Beim Heil3schmieden wird die Pulvennischung 
ebenfalls in eine Blechkanne gefiillt und evakuiert. 
Der Schmiedevorgang kann bei 800°C in einer 
200 to Schmiede durchgefiihrt werden. Die erziel· 
bare Dichte betriigt bei 60% Umformung ... 99% 
der theoretischen Dichte. 
2 Eine andere Art der Pulverherstellung ist das 
Verdiisen einer Schmelze im Inertgasstrom. Bei Be
nutzung von niedrigschmelzenden Vorlegierungen 
der Zusammensetzung 66 Atom% Gadolinium, 18 
Atom% Eisen und 16 Atom% Kobalt mit einer 
Schmelztemperatur van ca 620°C kann eine Ver
diisungstemperatur van 700-800°C gewiihlt wer• 
den. Diese vergleichsweise sehr niedrige Verda
sungstemperatur ermoglicht bei den extrem reak· 
tionsfreudigen Seltenen Erd-Materialien die Her
stellung van sauerstoffarrnen, sehr reinen Vorlegie
rungspulvern, da die Reaktion der Schmelze mit 
dem Tiegelmaterial und der Atmosphll.re ver· 
gleichsweise gering ist. Des weiteren zeigt die Vor· 
legierungsschmelze bei dieser Temperatur eine 
giinstige Viskositlit und Oberflll.chenspannung, so 
daB die verdiisten Pulver gute Ausbeuten van z. B. 
80-90% bei einer Korngr6Be s 88 µm aufweisen. 
Mit Hilfe der in Beispiel 1 beschriebenen Misch
und Kompaktierungsverfahren erhalt man eben
falls hochreine, kompakte, stabile FormkOrper mit 
Sauerstoffgehalten < 1000 ppm. Die Ungleichge-
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wichtsgeftlge bestehen wiederum aus Eisenkor
nern, Zonen von intermetallischen Phasen und Re
steutektikum. 
Da die intermetallischen Phasen in den Vorlegie." 
rungen fein verteilt vorliegen, und das Geftlge nicht s 
sehr versproden, !assen sich die Mengenanteile an 

. freiem Eisen im Vergleich zu den intermetallischen 
Phasen durch Variation der Zusammensetzung der 
Vorlegier:ungen reduzieren. Die magnetischen Ei· 
genschaften der Targets, die fiir das Magnetron- 10 
sputtem wichtig sind, !assen sich hierdurch verbes
sern. 
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Beschrelbung 

[0001) Die Erfindung betrlfft leitende transparente 
Schichten nach dem Oberbegrlff des Patentanspruches 

slchtbaren Bereich herstellen. Filr die Wellenlangen 
435, 545 und 610 nm ergibt sich ein gemlttelter Haacke· 
sch er Gutefaktor von 0,066. Nachteilig ist jedoch die filr 

1 sowie ein Verfahren zur Herstellung dieser leitenden s 
transparenten Schichten nach Patentanspruch 6. 

Displayanwendungen notige nachtri:lgliche Temperatur
behandlung, da diese einen zusatzllchen Art>eitsschritt 
bedeutet. 

[0002) Leitende transparente Schichten werden 
heute in der Displaytechnik, in der Optoelektronik sowle 

[0007) In der JP 10062602 A wlrd ein ahnllches 
Schichtsystem beschrieben. Hier wird eine dOnne Sil
berschicht mit mindestens 1,5 At.·% Goldbeimengung 
zwlschen Oxldschlchten, bestehend aus Zlnnoxld und 
lndlumoxld sowle geringen Belmengungen anderer 
Oxide, eingebettel Damit werden Schichten mit einem 
Fliichenwiderstand von 4 • 20 !lsq und hoher Durchllis· 
sigkeit bei 550 nm erhalten. Die erhohten Kosten durch 
die Goldbelmengung und der relatlv hohe FIAchenwi· 
derstand miissen alS Nachteile engesehen werden. 
[0008] In Thin Solid Films 341 beschreiben K. K. 
Choi und Koautoren ein Schichtsystem bestehend aus 
lndium-Zinn-Oxid gefolgt von einer Silberschicht und als 
Deckschicht wiederum lndium-Zlnn-Oxid. Zur Verbes· 
serung der Leitfahigkeit werden die Schichten aus 
lndium-Zinn-Oxid bei 200°C, die Silberschicht jedoch 
bei Raumtemperatur abgeschleden. Doch durch die 
ErwAnnung vor Abscheldung der zweiten Schicht aus 

als Architel<turglas vielfaltig eingesetzt. Dabei wird 
einerseits elne mogllchst hohe Transmission Im slchtba- 10 

ren Spektralbereich und andererseits elne mOgllchst 
hohe LeitUihigkeit beziehungsweise ein moglichst nie
derer Flachenwiderstand angestrebt. Als Mass fur die 
GOte leitender transparenter Schichten kann der Haak
kesche GOtefaktor «i>rc = T101Rs, definiert in Journal of 1s 
Applied Physics. Vol. 47, Seite 4086 bis 4089 (1976), 
verwendet werdcn. D:lbci bedeuten T die optische 
Transmission der Schicht (als Bruchteil derauffallenden 
Strahlung) und Rs den Flachenwiderstand in !lsq. So 
besitzt beispielswe1se e ne SchiC"lt mil einer Transmis- 20 

sion von 90% unn PtnPm F .:ir:hprw,C'IPrii:t.:ind von 3 ilsq 
einen Haackeschen c..:,,,.1;:ik1or von C.116 n-1. Eine 
Schicht mit einer Transmiss,on vor, B:r"q und einem Fla
chenwiderstand von:: !._, :>esit."l e,ner Gutefaktor von 
0,021 n-1• 25 lndium-Zinn-Oxid werden die Eigenschaften der Silber

schicht bezuglich optischer Transmission und elektri· 
scher Leitfiihigkeit ungunstlg beeinflusst Im besten Fall 
wurden Schichten mlt einem FIAchenwiderstand von 4 
.c2sq und einerTransmlssion von 90% bel 550 nm erzielt. 

[0003] Elne we1tere WI( rii ")e :. ,qens.chaft eines sol
chen Schichtsystems is· se,nt- At."t>a!11.ert Diese hiingt 
van seiner chemisehen Z.,.;a,-1menset:ung und seiner 
Dicke ab. Fur eine ku7e At.:1e11 und gute Kanten• 
schiirfe ist es wichtig. aa..ss d•e Schlehtdicke moglichst 
klein ist, d.h. unter 100 nm ::,etragt 
[0004] Zur Erziekmg hoher Gutefaktoren ist es vor
teilhaft, Schichtsystem£- a.JS ox;dischen und metalli· 
schen Schichten zu ko'Tlb1meren. So ist es bekannt. 
sehr dilnne Silberschichten zwiSchen dunne Oxid
schichten einzulagern. Durch doe Einlagerung zwischen 
Oxidschichten wird die Sllberschicht einerseits stabill· 
slert und geschutzt, andererseits wird gleichzeltlg lhre 
Reflexion vermindert und dadurch die Transmission 
erhoht. Diese Schichtkombinationen besitzen ferner 
den Vorteil einer geringen Gesamtschichtdicke, niimlich 
1 oo nm oder weniger, verglichen mit einer Schicht aus 
lndium-Zinn-Oxid mit vergleichbarem Fllichenwider
stand, die eine Dicke von Ober 500 nm aufweist (S. H. 
Shln und Koautoren, Thin Solid Films 341 (1999) 225 • 
229). Damit konnen Atzprozesse, wie sie bei der Her
stellung von Displays iiblich sind, schneller und mit 
geringerer Unteri:ltzung hergestellt werden. 
[0005] Solche Schichtsyteme sind z. B. beschrie-

30 [0009) Es ist weiterhin bekannt. dass bel spezieller 
Wahl der Materialien und Beschichtungsparameter 
transparente leitende Schichtsysteme mit 2,93 Osq und 
Transmissionswerten (gegen Luft gemessen) von 89,2 
% bei 435 nm, 92,4 % bei 545 nm und 82,2 % bei 61 O 

35 nm mit elner Gesamtschichtdicke von 86,5 nm herge
stellt werden kOnnen. Dieser transparente Leiter besitZt 
fiir die drei genannten WellenlAngen einen mittleren 
Haackeschen GOtefaktor von 0, 104 Ohm-1• 

[001 OJ Im Displaybereich fur grossflachige flache 
4C LCD-Displays oder Computermonitore mit Bllddiagona· 

len vorzug.sweise Ober 1 T' werden nun transparente 
Elektroden mit noch niedererem Flachenwiderstand bei 
glelchzeitig hoher Durchliissigkelt Im sichtbaren 
Bereich, d. h. einem hohem Haeckeschem GOtefaktor, 

45 benotigt Dies ist durch die Bildgrosse, die hohe AuflO
sung und Pixelzahl sowie die hohere Geschwindigkelt 
dieser Displays bedingt. Diese Anforderungen kOnnen 
mlt den bisher bekannten Verfahren nicht mehr erfOllt 
warden. 

ben in: EP O 599 071 A1. JP 10062602 A und im Artikel so 
van K. K. Choi und Koautoren, Thin Solid Films 341 
(1999) 152 -155. 

[0011) Die vorliegende Erfindung macht sich zur 
Aufgabe. die Nachteile des Standes der Technik zu 
beheben, insbesondere einen noch niedereren FIia· 
chenwiderstand bei einem hohen Haackeschen GOte
faktor zu errelchen. 

[0006) In der EP O 599 071 A 1 wird ein Schichtsy
stem mit der Schichtfolge lndium-Zinn-Oxid, Silber bzw. 
verschiedene Silberlegierungen, lndium-Zinn-Oxid ss 
beschrleben. Durch einstilndige Temperung bei 300°C 
lassen sich Schichten mit einem Flachenwiderstand 
von 3,2 !lsq und gleichzeitig guter Transmission im 

1092689A1 I.> 

2 

(0012) Diese Aufgabe wird gelOst durch ein 
Schichtsystem nach Anspruch 1 sowie durch ein Ver
fahren nach Anspruch 6. Die abhAnglgen Patentanspril· 
che beschreiben weitere bevorzugte Ausfuhrungen der 

I 
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Erfindung. 

[0013) Ein erfindungsgemasses Schichtsystem 
nach Anspruch 1 umfasst mindestens 2 Oxidschichten 
und eine dazwischen gelagerte Silberschicht und weist 
einen Flachenwiderstand von weniger als 2,9 '°sq, vor· 5 

zugsweise 2,5 Osq und geringer auf, bei einem uber die 
Wellenlangen 435, 545 und 61 O nm gemittelten Haak· 
keschen GOtefaktor von grosser als 0,085 n-1• 

hoch gehalten werden. Ohne das erfindungsgemlisse 
Vorgehen mi.isste zur Erzielung dieser Leitfiihlgkeit die 
Dicke der Silberschicht erhOht werden, was unvermeid· 
lich zu elner deutlicheren Verringerung der Transmis
sion und damit zu einer wesentllchen Verschlechterung 
des Haackeschen Gatefaktors fllhren wOrde. 

[0025) Die Herstellung solcher Schichten an Hand 
des erfindungsgemilssen Verlahrens soil nun an dem 
nachfolgenden Beisplel beschrieben werden. [0014] Dabei ist es aus GrOnden der Farbneutralttat 

gOnstig, wenn bel elnem Flachenwlderstand von 2,5 10 

nsq die optlsche Transmission bel 435 nm mlndestens 
[0026) Die Glas-Substrate aus herk6mmllchem 
dOnnen Floatglas oder Maschinenglas warden In her-

89 %, bei 545 um mindestens 88 % und bei 610 nm 
mindestens 75 % betragt. Oamit ist gewihrleistet, dass 
die Beschichtung in Durchsicht mOglichst neutral 
erscheint. 
(0015) Besonders gute Ergebnisse werden erzielt, 
wenn die Dicke der beiden Oxidschichten vorteilhafter
weise unter 50 nm, vorzugsweise zwischen 30 und 40 
nm. und die Dicke der Silberschlcht unter 20 nm, vor• 
zugsweise bei 15 nm, gewahlt wird. 
[0016) Die Entspiegelungswirkung der Oxidschlch
ten wird besonders gut, wenn die Oxidschicht neben 
ln:lium 5 bis 10 At.·% Cer enthilt. 
(0017) :>ie Stabilitat der Silberschicht wird durch 
Be,qabe von bis zu 10 Gew.·% Kupfer erhOht Beson
ck,rs w,l'),Sclm zeigten sich Beigaben von 0,5 bis 3 % 
urd 1'\St:esonoere 0,5 bis 1 %. 
(0018) Se, der Herstellung des beschriebenen 
Sch,cht~ystems ist es entscheidend, wie in Anspruch 6 
urcl we teren at:ha"lgigen Anspn1chen beschrieben, 
OGss o-e Auforingung der zweiten Oxidschicht nicht mit 
re,ne· CC Zerstaubung, sondern mit einer gepulsten 
OC-Zc~ta ... ou"lg oder mit einer AC·Oberlagerten DC. 
Zerstaut:>ung erlctgt Die AC-Oberlagerung wird bel
si;:ielswt:iSe ctaourch erzeugt, dass das Ausgangssignal 
ut,er e,r ~ dter auf d,e mit einer DC-Stromversorgung 
g..-soe,sre 5',u'.'lel'Quene eingekoppelt wird. Eine weitere 

kOmmlicher Weise gereinigt und dann in eine Zerstiu· 
bungsanlage · eingebracht. Ole Vakuumkammer wird 
abgepumpt und nach Erreichung des n6tigen Vakuums 

15 mit der Aufstiiubung der ersten Oxidschicht aus Indium· 
und Ceroxid begonnen. Diese Oxidschicht wird tellreak· 
tiv von elnem Oxidtarget abgestiubt, d. h. in einer 
Argonatmosphare von ca. 2,2x1 o-3 hPa mit einer Beimi
sc:hung von Sauerstoff von maximal 5 %. Oieser Zer-

20 staubungsprozess ist eln reiner DC-Prozess. Typische 
Zerstiubungsraten sind 5 bis a nmxm/minxan2W. 
Anschliessend erfolgt als reiner nicht-reaktiver DC-Pro· 
zess das Aufstauben der Silberschicht. Hier liegen die 
typischen Zerstiubungsraten bei 12 bis 15 

25 nmxmtminxcm2/W. Ihm schliesst slch das Aufstauben 
der zweiten Oxldschicht mlt einer AC·Oberlagerten DC· 
Zerstiubung an. Dabel liegt der AC-Anteil, definiert 
durch das Verhaltnis der eingespelsten DC· und AC. 
Leistung, zwlschen 30 und 50 %. Die AC-Frequenz liegt 

30 bei 13,56 MHz. Nach Beendigung des Zerstiubungs· 
prozesses warden die beschichteten Gliser durch eine 
Schie use oder durch Fluten der Kammer an Luft ausge· 
bracht. In einem anschliessenden Atzprozess werden 
die Substrate dann strukturiert und zu Displays welter· 

35 verarbeitet 
[0027) Im folgenden 1st die Erfindung in den Figuren 
1 und 2 an Hand von AusfOhrungsbelspielen erlautert. 

M '.>9' cm.e,1 oesteht beisplelswelse auch darin, die DC
StrOfl~(Jf~ng en1Sprechend zu modulieren oder zu 
Id,:"'·' tcti~rm. Es sind also verschiedene Modula· 40 

hcne, mc,g ,ch 

Fig. 1 

Fig. 2 

zeigt schematisch und im Querschnltt ein 
erfindungsgemasses Schichtsystem. 
zeigt die im sichtbaren Spektralbereich 
gegen Luft gemessene optisctie Transmis· 
slon eines erfindungsgem!ssen Schichtsy· 
stems mit einem Flachenwiderstand von 2,5 

(0019) ),e AC,rrequenz sollte zwischen 1 und 50 
M.-i.:. vcr.;:1.ogsweise zw,schen 10 und 20 MHz, liegen, 
un b.:::::ondcr:. gutc Ergcbnisse zu erreichen. 
(0020) ,m WE:1teren wird mit Vorteil der AC-Antell, 45 

dE:lon ert d ... rch das Verhaltnis der eingespelsten DC. 
urd AC·Le1stu.,g. zwischen 10 und 90 %, vorzugsweise 
zwische"I 3'.) und 50 ~i.. eingestellt. 
(0021 J R1ni:onders geeignet erwies sich eine totale 
Leistungsdichte (AC und DC) von 1 bis 3 W/cm2, vor- 50 

zugsweise von 2 bis 2.2 W/cm2• 

(0022) Als Zerstaubungsmethode wird Magnetrons-
puttern bevorzugt 
(0023) Die Vorteile dieses Verfahrens konnen wie 

!2sci· 
(0028) In der F"ig. 1 bedeuten 1 das Glassubstrat, 
auf welches das erfindungsgemisse Schichtsystem 
aufgebracht wird, 2 elne lndium-Cer-Oxidschlcht. 3 eine 
Kupfer-dotlerte Silber-Schlcht, und 4 eine abSchlies· 
sende lndium-Cer-Oxidschicht 

[0029) Das Glassubstrat 1 ist z. B. ein handelsObll· 
ches Floatglas mit 1, 1 mm Dicke. Es kOnnen aber auch 
andere Glasdicken und andere Gliser, z. B. Maschinen-

folgt zusammengefasst werden: 55 glas, benOtzt werden. 
[0024) Durch die Erhaltung der guten Leitfahigkeit 
der di.innen Silberschicht durch die Art der Aufbringung 
der zweiten Oxidschicht kann die optische Transmission 

3 

[0030) Darauf wird durch tellreaktive DC·Zerst!l.u· 
bung von einem Oxidtarget, bestehend aus vorzugs
weise 90 bis 95 At.·% Indium und 5 bis 10 At.·"lo Cer, 
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eine Oxidschicht 2 mit der geometrischen Dicke von 30 
bis 37 nm abgeschieden. 

[0031) Auf diese Oxldschicht 2 wird eine Silber· 
schicht 3 mit 0,5 bis 1 O % Kupfer-Beimengung, vorzugs
weise 0,5 bis 3% und insbesondere 0,5 bis 1 % Kupfer, s 
in einem reinen DC-Zerstaubungsprozess in einer 
Argonatmosphare in einer Dicke von 15 nm aufge· 
bracht. 
[0032] Auf die Schicht 3 aus SilberiKupfer wird 
dlrekt eine zwelte lndlum-Cer·Oxldschlcht 4, ebenfalls 10 

mlt der geometrlschen Dicke von 30 bis 37 nm, abge· 
schieden. Dies erfolgt jedoch mit einem AC-Oberlager-
ten DC-Zerstiiubungsprozess. Dabei llegt der AC· 
Anteil, definiert durch das Verhaltnis der eingespeisten 
DC· und AC·Leistung, zwischen 10 und 90 %, vorzugs· 1s 
weise zwischen 30 und 50 %. Die AC-Frequenz llegt 
zwischen 1 und 50 MHz, vorzugsweise zwischen 10 
und20 MHz. 
(0033] Optional kann nach der Silber/Kupfer· 
Schicht eine Schutzschicht aus Oxiden von Trtan- oder 20 

Nickellegierungen mittels DC-Magnetron-Zerstaubung 
aufgebracht werden. 
[0034] In der Fig. 2 1st die optische OurchlAsslgkelt 
(gemessen gegen Luft) eines erfindungsgemiissen 
Schichtsystems mit einem Fla.chenwiderstand von 2,5 25 

Gsq in Abhangigkeit von der Wellenlange Im Spektralbe· 
reich 400 bis 800 nm dargestellt Bel 435 nm werden 

Anspn:lche, dadurch gekennzelchnet, dass die 
Oxidschichten (2,4) Indium und Cer enthalten, vor
zugsweise 90 bis 95 At.·% Indium und 5 bis 10 At.
% Cer. 

5. Schichtsystem nach einem der vorangehenden 
AnsprOche, dadurch gekennzelchnet, dass die 
Silber·Schicht (3) bis zu 1 O Gew.-% Kupfer enthilt, 
vorzugsweise Im Berelch o.5 bis 3 % und lns
besondere 0,5 bis 1 %. 

6. Ver1ahren zur Herstellung elnes leitenden transpa
renten Schichtsystems nach einem der vorange
henden AnsprOche, dac:lurc:h gekennzelchnet, 
class bei der Aufbringung der zwelten Oxidschicht 
(4) eine gepulste DC-Zerstli.ubung oder eine AC
Oberlagerte DC-Zerstiubung verwendet wird. 

7. Ver1ahren nach Anspruch 6, dadurc:h gekenn
zeic:hnet, dass eine AC-Oberlagerung mit einer 
Frequenz zwischen 1 und 50 MHz, vorzugsweise 
zwischen 10 und 20 MHz vorgenommen wird. 

8. Ver1ahren nach Anspruch 6 und 7, dadurc:h 
gekennzelchnet, dass der AC-Antell, definlert 
durch das Verhliltnis der eingespeisten DC· und 
AC-Lelstung, zwlschen 1 O und 90 %, vorzugsweise 
zwischen 30 und 50 % liegt 89,8 %, bei 545 nm 88,4 % und bei 610 nm 75,4 % 

erreicht Der Ober diese drei Wellenlangen gemittelte 
Haackesche GOtefaktor betragt 0,092 .n-1• 30 9. Ver1ahren nach Anspruch 6, 7 und B, cladurc:h 

gekennzelchnet, class die totale Leistungsdlchte 
(AC und DC) im Bereich 1 bis 3 W/cm2, vorzugs
weise aber bei 2 bis 2.2 W/cm2 liegt 

Patentanspruc:he 

1. Leitendes transparentes Schichtsystem mit zwei 
Oxldschichten (2,4) und einer dazwischen gelager
ten Silber-Schicht (3) auf einem Substrat (1 ), 
dadurc:h gekennzelchnet, dass bel einem Fli
chenwlderstand R6 von < 2,9 fisq., vorzugsweise < 

35 10. Ver1ahren nach Anspruch 6 bis 9, dadurch 
gekennzeichnet, dass als Zersta.ubungsverfahren 
Magnetronzerstiiubung gewahlt wird. 

2,5 !lsq und weniger, der mittlere Haackesche 
GOtefaktor des Schichtsystems tor die Wellenlan- 40 

gen 435, 545 und 610 nm (¢>rc=T10/Rs)::>0,085.n· 
1betragt 

2. Schichtsystem nach Anspruch 1, dadurc:h 
gekennzelchnet, dass bei einem Flachenwider- 45 

stand von 2,5 Gsq die Durchlli.ssigkeit T bel 435 nm 
mindestens 89 %, bel 545 nm mindestens 88 % 
und bei 61 o nm mindestens75%betragt. 

3. Schichtsystem nach einem der vorangehenden so 
Anspn:lche, dadurc:h gekennzelchnet, dass die 
Dicke des Schichtsystems < 100 nm, vorzugsweise 
80 bis 90 nm betragt, wobei die Dicke der Silber
schicht (3) bei < 20 nm, vorzugsweise bei 15 nm, 
und die Dicke der belden Oxidschichten (2,4) bei < ss 
50 nm, vorzugsweise zwischen 30 und 40 nm, liegt. 

4. Schichtsystem nach einem der vorangehenden 

4 

;ooc1D: <EP __ 1092689A1_t_> 

11. Leitendes transparentes Schichtsystem nach 
Anspruch 1 bis 5, dadurch gekennzelc:hnet, dass 
es nach dem Verfahren nach den AnsprOchen 6 bis 
1 O gefertigt wurde. 

12. Leitendes transparentes Schic:htsystem als trans
parente Elektroden tor grossfliichige Displays nach 
Anspruch 1 bis 5, dadurch gekennzelc:hnet, class 
es nach dem Ver1ahren nach den AnsprOchen 6 bis 
10 gefertigt wurde. 

t 
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[PURPOSE] 

!I -f/-;; }- ;f:,tO)fJD~H;: J:: g t1J Prevent the crack by heat of a target material. 

hAr~.tr.T -o:. t!:: o 

[CONSTITUTION] 

ffl~O)jc;*~'2i'U?'-f/-;; }- The target material 1 containing a required 

t-111±~ :'./7' -1 :'./ :7"tJ 2 1;: J: -0 element adheres to the backing plate 3 by the 

-C /~-;; :3r :'./ :7''7° v- }- 3 ,;:~~ bonding material 2. 

~ h-C It' go ?' -f/-;; }- t;t 1 F:. It provides the offset rate slot (or an incision, the 

7- !J t1J ~ f1f. (~v 'l±W ~ 52:::J.;., slot by cutting) 4 in a target material 1, and 

tJ -;; T -1 :'./ :7" ,;: J:: g f1f.) 4 ~ij£.'. partitions a target material 1 into many 

~t, ?'-f/-;; r-t-11 ~~~O);J, subsection 11. 

[Kjj 1 1 ,;::0-t,Ji"" -Oo ?' -f/-;; }- The difference of the elongation in the thickness 

f-1(1)~ ~ 1HEJ{U:fit--C:O)f$lj(1)~ direction position of a target material etc. 

~i)~;J, ~ < ft.~ , ?' -f/-;; r-:.f:J becomes smaller, it can prevent the crack of a 

(1)t1Jn~~<-·:. t!:: iJ~--c:~ go r target material. 

6611F"?-Ciov't.:.?'-f/-;; r-f-10) It is sufficient to bond on a backing plate the 

1J\J1 ~ /~-;; :3r :'./ :7'·:t v- }-1;:Jt~ fragment of the target material made 

~ 1i~t-c t ~ 1t 'o beforehand. 

(a) 

7/31/2006 

3 
( b) 
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[CLAIMS] 

[CLAIM 1] 

THOMSON 
............. l$f ............... , •• 

/~-;,, ::\=-Y (!'7' v- }-, ~::@I~~ A sputter target, in which the target material 

fl, t::... !1- f/ ';/ }-, .ft~~ .A !J j1J ~ m which adhered to the backing plate is 

~:: J:: 0-C$,~O);J,fKiffiH::'.0-f1J ~ partitioned into many subsections by the offset 

n -C v" {)tr:., .X ti !1- f/-;,, r- .ft rate slot, or many fragments of a target material 

0)$,~0)1J,J,~~,:1,1 Jv~t ~ ~~;:. adhere to the backing plate in the shape of a tile 

/~-;,, ::\=-Y :7''7' v- }-, ~::@I~~ n sticking. 

tv, Q:. ~ :a-~1!'1U:: T Q .:7./{::; 
,:/ • !J-}/y r-o 

[CLAIM 2] 

if:tjt:i:j 1 0) .:7. /{ 'Y !1 • !1-f/ A sputter type ion source, which has the sputter 

-;,, r- :a:vm ?t.. -C It'{) :. ~ :!£-~~ ~ target of Claim 1. 
T Q ;7.;{ ';/ !J ~,17.}-YrJlo 

[DETAILED DESCRIPTION OF THE 

INVENTION] 

[0001] [0001] 

[iiJ~J:O)flJffl:Stlr] [INDUSTRIAL APPLICATION] 

*~~ti, 1JU¥P.H:: J:: {) !1- f/ y This invention relates to the sputter target which 

r-ftO)f1Jtl,:!£-~1t"tt'.:7.1{y!J~ is used for the sputter type ion source which 

,1 7.f YiJI~ ~;:.ffl It"{) .:7. /{::; !1 · prevents the crack of the target material by 

!1-f/ 'Y r- ~:: ~T {) o heat. 

[0002] [0002) 

[PRIOR ART] 

.:7.r~-;,, !1~,1.7.]-YiJI, ,1.7.]-Yl:::'' As shown in the front elevation of FIG.4(a), and 

-.b..:7./{'Y !1 !J Ytl~tl~~:.::to sectional drawing of said (b) in the A-A, the 

it{) .:7. /{ 'Y !1 · ,!J -f/ 'Y r- f'i, sputter target in a sputter type ion source, an 

7/31/2006 4/12 Copyright (C) 2006 The Thomson Corporation. 
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~ 4 (a) 0)1Eiii~, ,tO)A- ion-beam-sputtering apparatus, etc. adheres to 

A•-c:O)[AJ ( b) O)~jij~f;:,ff- a backing plate 3, and the bonding material 2 

T J:: '5 f;:,, -:/' 7 Xv1 ,1 .?.J- /', ,1 comprises the tabular target material 1 

.?.J-/'r:''-A-C:7'/'~7 -:J ~;(l;Qffl containing the required element by which a 

~O)jc~~-atJ~:J:;k:0)-:J-ify sputter is carried out from a plasma ion and an 

}, ;f:;t 1 ~ ;;j{ /'7, .-, /' ~t;t:;t 2 f;:, J:: ion beam. 

-? t /~ y :.f- /' fl-:/' v- }, 3 f;:, ~ A target material 1 is heated by the shock of the 

l,tt#.sx;~:htv'Qo -!J-if surrounding plasma, a plasma ion, or an ion 

7 }, ;f:;t 1 l'i 7' /~ y -:J a~, )a] lffi 0) beam at the time of a sputter, therefore 

-:I' 7 ;t:v1 c -:I' 7 ;,;:v1 ,1 .?.J- /', ~ The backing plate 3 is attached to the cooling 

1t 'l'i,1 .?.J- /' r:··-A O)jj• f;:, J:: l:J holder for the cooling. 

1.m,m ~ nQ ti~ t::>, -tO)~~O)tr. 

fl) f;:,/~ 7 :f- /' (f-:f' v- }, 3 /'j:~ 

~*1vpr·- f;:,J& l:J 1i~t t::>:h t 1t' 

Qo 

[0003] [0003] 

[ ;e ijJj il~ :f¥H~ l, J:: '5 c T Q !l [PROBLEM TO BE SOLVED BY THE 

ffi] INVENTION] 

ti~il~ Q 7' /{ y -:J • l7 - if y r 0) When the size of this sputter target becomes 

"!T-1 ;:;(iJ~Ia1:¥: 5 0 mmf.¥.J3l0)* the size which is diameter 50 mm degree and a 

~ ~ 0) t 0) f;:, ft.. Q c , l7 - if y target material 1 is the bad material of a heat 

}-;f:;t 1 iJ~~{~~O)~t,,;f:;tWO)~ conduction, a target material may break for the 

fi'f;:, l'i, 7' /{ y Jy mj\ l7 -if y reasons of a big difference arising on the 

}, ;f:;t 1 0) J!JL71-1.f rtfl{ft fl-r:· 0)9P.\/Jrt elongation by the thermal expansion in the 

*f;:,J:: Qf$t}f;:,*~ft..~il~1:. t- thickness direction position of a target material 

.'.5 ~ 0) rJi! ff! f;:, J:: I'.) , l7 - J/ y }, 1 at the time of a sputter. 

;f:til~t,Jn t L, 'i '5 :. c il~JiJ .'.5o 

[0004] [0004] 
;.ts:;eijJjl'i, -:/'7 ;;(v1~,1.?.J-/'f;:, This invention aims to provide the sputter target 

J:: .'.5 no~ -c:, -!J -};I y }, ;f:;til~t1J which prevents the crack of a target material by 

:h.'.5:. c ~!VJ.LI: l,fr_7'/{y !J • heating by the plasma or an ion. 

!J -if y r 0)3'JfH!t~ ~ (fJ c -t .'.5 
b 0)-C:Ji) Qo 
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[0005] [0005] 

THOMSON 
:J.r· -··········---·~•:,ptiR---·-·· .. ··-···· ., •. 

[MEANS TO SOLVE THE PROBLEM) 

:;$:~l~}jl:l:., 7-./{ ;,1 !7 • !7-);l ,y As for this invention, in a sputter target, the 

r ~;:_:Jot, 't, /'\ ;,1 ~ :'./ :7~7" v- target material which adhered to the backing 

r ~::.[?!I~~ n t;:. !7 - };I ;,1 r :t:.ttJt plate is partitioned into many subsections by the 

7-. !J f1J I'.)«~::. J:: 0 t$,fi(0)1J,~ offset rate slot, or many fragments of a target 

iiffi~::.~t1J~n,tt,,{SiJ:,,, .Xl:l:., material adhere to a backing plate in the shape 

!7 -f/' ;,1 r f.,10)$,fj(0)1J,JtiJt !7 of a tile sticking. 

11vfi~ I'.) :1* ~::./'\ ;,1 ~ :'./ -:/7' v- And this sputter target is used for the sputter 

r ~::. !?iJ ~ ~ n t t, ' {S .:: c :a- ::t f;:_ type ion source. 

{S ~1,: c T {St O)"f: i9> I'.) , -t L- It is characterized by the above-mentioned. 
t, iJ:,,tp{S7'/{,y-!7. !7-);l,y 

r :a, 7-. /{ ;,1 !7 ~1 ~ :'./r}]H::.ffl It' 
f;:_.::. c :a-~~ c T {S t 0) -C:' {So 

[0006] 

[ 1'Fffl l 

[0006] 

[OPERATION] 

!7 -f/' ;,1 r :f:.ttJt 7-. !J tiJ I'.) ~t, 'f;;t The target material is small partitioned 

;J,)=,0)!711vfi~ I'.) %Jt~;::_J:: I'.), according to an offset rate or the tile sticking 

;J, ~ < ~t1J ~ n t t,' {S tr-~, ~ form of a fragment, therefore 

~t1J~ f;::. :Jo ~t {S :;/JO,,Mc J:: {S ,m~ Since the thermal expansion by the heat in each 

~iJ~flQ.O)~f1J~~cWt& T {S.:: c partition region does not affect another partition 

iJ~ ti It' iJ:,, ~, !7 -);I ;,1 r f.,10) JJ region, the difference of the elongation in the 

.7J-1.ffP.l{llfflt"f:O)f$tfO)~~i)t;J, thickness direction position of a target material 

~ < jljJ;z. ~n, 7-./{,y !7 • !7- etc. is restrained small, the crack of a sputter 

};I ,y }, O)f1Jn,i)t~ 1: ti It 'o -t L, target does not arise. 

t, tr-tr-{S !7-};l ,y r :a, 7-./:;, ;,1 And it can pull out an ion beam with stability by 

!7 ~1 ~ :'./iJ»J;::.ffl It' {S .:: c 1::. J:: using this target for a sputter type ion source. 

I'.), 1 ~:'./t:''-AtJt:tz:JEL-t§I 

/:1:1-lf" Qo 

[0007] [0007) 
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[EXAMPLES] 

THOMSON 
;,k 

•~••••,.••--••• ~ •--••••••••·· "f"M 

;.$:~~O)~:ht§~tl~;::--::,t,\t~iii:a:- With reference to drawing, it demonstrates the 

~JfflL-tm~T00 ~1 (a), Exampleofthisdesign. 

( b) 1±7' !JI~ l'.J %:rtf;:: J:: 0 7-. FIG. 1 (a), (b) is the front elevation of the sputter 

/{ 'Y !I · !I -J/ 'Y r 0)I£im~& target by offset rate form, and sectional drawing 

V.:t (J) A - A~ --C: 0) ~iii~ -r:- ib in the A-A. 

Go /'\ 'Y :{- / -:f--:f v- r 3 ~;:: *' It provides the offset rate slot (an offset rate or 

/T-{ /:7';J:t 2 -C:lsl~ ~;h,f[.!/ an incision, slot by cutting) 4 in the target 

- J/ v r ft 1 ~;::, ~ 0) I§ ~ ~::. material 1 which adhered to the backing plate 3 

7' !J t1J l'.J m. (7-. !J t1J l'.J ttv' L-~ by the bonding material 2 in a grid pattern, and 

I? ~J:;., 7J 'YT -{ / :7·· ~::. J:: 0 fr.) one side small-partitions a target material 1 into 

4 a-~ ~t, !/ -J/--;; r ft 1 :a-- many subsection 11 which are 1 O mm level. 

ill.il~ 1 0 mmfi.!tO)~~O),j,[K If the offset rate slot 4 is formed in the target 

JOO l 1 ~;::,j\:5:)-IIJT 0o A !) ,~ I'.) m material part at least, it is enough. 

41±, :;/)'ft< c: t!l-J/'Y rft However, FIG.1(b) shows what has reached 

$:5:)-~::.%rot ~ ;h, t lt \:hli%::St--c: even the backing plate 3. 

ib Qi)~, ~ 1 ( b ) -C: lj:/'\ 'Y :{-

/ :7'7" v- r 3 ~;:: ~ -r:-ii L- t lt' 

0 t (J) a-~ L, t"' 0 0 

[ 0 0 0 8 ] [0008] 

~ 2 (a), ( b) f'i !/ -11vfl~ I? FIG. 2 (a), (b) is the front elevation and sectional 

%:i?C(J) 7' /{ 'Y !I · !I - J/ 'Y }- 0) drawing in an A-A of the sputter target of tile 

IE iii~ c: Jt (J) A - A{6,,--c:O)~im sticking form. 

~ 1: ib I? , T 'ti> !I - J/ 'Y r ft a- One side partitions the target material into 

~m.;o~ 1 0 mmfi.!tO);J,Jt 1 2 fragment 12 which is 10 mm level beforehand, 

~;: ::S:)-!1J L- t :lo~, tJ:i,/y:, 0 ~~O) and it adheres fragment 12 of the target material 

1-J/--;; r ;f:tO);J,Jt 1 2 :a-7.J{ / of these many to a backing plate 3 in tile 

T -{ / :7··ft 2 ~;:: J:: "".:> t, !/ -1 Jv sticking form by the bonding material 2. 

fl~ t? %:rt1: /'\--;; :{- / :7·-;1 v- r 
3 ~;:ufil~T00 

[ 0 0 0 9 ] [0009] 

:. (J) J: ? ~;::, !/ -1-/--;; r ft 1 fj:, Thus, the target material 1 is partitioned into the 

ffiJht-ill.iJ~ 1 O mmfi.!t0)1J, subsection whose one side is all 10 mm level or 

[Kffiftv \ L-t-;t;J,Jt l 1- l 2 ~;:::5:)- fragment 11, and 12, therefore 
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t!J ~ h, t v" 0 -JJ). t;:i, (I - I-/-:; }- Even if heat generation and heat arise at the 

t;t 1 (1) A/{-;; (I a~~;:;e,m, no® time of the sputter of a target material 1, thermal 

tJ)4: 1: t t, (I -1-/-:; }-.f;f~(l) expansion, such as a target material, is limited 

®~~!Hi, ~,H~J!ii, ;J,J=, l 1- in each subsection, fragment 11, and 12, it does 

1 2 P'J ~;:~JUE~ h, t, ffil,(1)$5!~;: not affect the other part but the difference of the 

tii'Sl&"lt-f, 1},J,12s:OOL 1J,J=, l 1- elongation in the thickness direction position of 

1 2 (l)j!JJj.J5fBJ{ftlt1:"(1){$'CJ(l) each subsection, fragment 11, and 12 is 

*r.t,J, ~ < ~ ;t t, h 0 -JJ). t,, (I restrained small, therefore 

-1:I -:; r- t;t ~;: t1J h, 7J) ;e 4: l., ft. A crack does not occur in a target material. 

v "o 

[0010] [0010] 

77 ;,:.·-q • A/{-:; (I ~~,1 ;:d-/' In the source of a plasma sputter type negative 

~t:·li, A/{-:;(I • (l-1-/-:; r ion, in order to converge as a beam the 

*iii1:";e4: L,f;:~,1 ;:d-/'~-1 ;:d- negative ion generated on the sputter target 

/'~(l)tfjp~;:t:··-Ac l.,t~* surface on the outlet of an ion source, it may 

~ it 0 t.:. 'riJ ~;:, A/{-;; (I • (I - make the surface of a sputter target into the 

1:/-:; }- (l)*ima'3*imtk~;:;t ('-:, form scooped out to the spherical shape. 

t;:% c: T 0 ~,fr-JJ) &> 0 o :. (1) J:: If it does in this way, in the periphery part of a 

5 ~;: T 0 c , (I -1:/-:; r .f;f (l) Jl!o target material, the thickness will amount to 5 

ill $1:" Ii, -t" (1) fI1. Jj. Ii 5 mm f.i 
Ji:~;: ii l.,, A/{ 'Y (I .f;f-JJ)jljh, Q 

PJ'tffitl:-JJ) r.lJ < ft. 0 o ~ 3 ( a ) 

&'CJ ( b) Ii, iPt.P0~-1' ;;d-/' 

~(l)A/{-:;(I. (1-J-/-;; },-~;:A 

!J t1J ".J a'~ :J.iffi l., t;: b (1) (1) :iE ffii ~ 
c, -t"(l)A-A~t:·(l)~im~1:' 

&> 00 ~ 1 ~;:~ L, f;: t 0) c l"RJ#R ~;:' * ffij-Jj) 3*:ffiitk ~;: *- (' t, ht;: 

mm level, possibility that a sputter material will 

break becomes higher. 

Although FIG.3(a) and (b) implemented the 

offset rate at the sputter target of this source of 

a negative ion, they are a front elevation and 

sectional drawing in the A-A. 
It partitions a target material 1 into many 

subsections by the surface's adhering to the 

backing plate 3 the target material 1 scooped 

!1-1:I-:; r- ,t;f 1 :a-* /'7' -1' /' (f out by the spherical shape by the bonding 

;j-;t 2 ~;: J::-:, t /~-;; ~ /' :~7'"7" v- material 2 like what was shown in Fl G. 1, and 

r 3 ~;: ~ ~ l., t id ~ , A !J t1J ".J forming the offset rate slot 4. 

fff. 4 :a:-%~-t' 0 :. c ~;: J::-:, t, It can prevent the crack of the sputter target by 

!1-1:I-:; }- ,t;f 1 :a:-$~0),J,12s:OOT heat, therefore 

~;:5tt1J--t 0 o no®~;: J:: 0 _A/{-;; It becomes possible to pull out a beam more 

(I • (l-1:f-:; }- O)!IJhiJ)lt151.l:1:" stably than an ion source. 
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~ 0 ti~;, ,1 7.f /'tml J: ".J :tc>E~;: It is sufficient to implement tile sticking form like 

1:::·· - A :a- 51 tl:i T:. c ti~ "E"Jf!g f;: ft FIG. 2. 
00 ~ 2 c IAJ#JH;:, -!1-11v~t ".J 

%5:t:a:-~:bffi 1.., t t J: V \0 

[0011] [0011] 

[,ef!l:l 0)5<:jJ_J:] [ADVANTAGE OF THE INVENTION] 

;$:,ef!l:ll'i~J:.mf!l:ll-tr.J:? f;:, As for this invention, as explained above, the 

1-1;/ -;1 r t.fiJ~,J" ~ < :5ft1J ~ h target material is partitioned small, therefore 

t t,' 0 ti~ i:>, 7-. /{ -;1 -!I a~f;:, -!I At the time of a sputter, it can restrain small the 

- !;I -;1 rt.ff;: :j:;:Ht 0 J!J Jj. :n ~ 0) difference of the elongation by the thermal 

~~~f;:J: Qf$t}O)~~:a:-,J"~ expansion of the thickness direction in a target 

< tQJ *- 0 :. c il~ -r ~ , -!1- !;/ -;1 material etc., and can prevent the crack of a 

rt-10)f1Jn:a:-fWll:T0:. c ti~-r target material. 

~Qo 

[0012] [0012] 

7c 1.., t, ;$:,e f!l:l f;: J: 0 7-. /{ -;1 And in the case of the sputter target with which 

-!I • -7 - I-/ -;1 r :a:--1 ;:?J- /'tml f;:.ffl it could pull out the ion beam stably, and 

t,' 0:. c f;: J: ".J , ,1 7.f /' 1:::··-A particularly the surface was scooped out by the 

:a:-~AE~;:51 tl:iT:. c il~-C-~, ~ spherical shape, it is effective by using the 

f;:~ iii il~ ~ iii:t'<: f;: *- (' ; h tr. 7-. sputter target by this invention for an ion source. 
/{ '/ -:1 • -!1-1;/ y }- O)~~f;:tjJ 

jHtJ-r ;it; 0 o 

[~ 1] 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1) 

;$:,ery:jO)~;/J"ffi,~O)IEiii~&V~ It is the front elevation and sectional drawing of 

iii~-C-;ir; 00 an Example of this invention. 

[~ 2] [FIG. 2] 

ftl!O)~;/J"ffi,~ 0) IE iii~& V~iii~ It is the front elevation and sectional drawing of 

"{';it; 0o another Example. 
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[~ 3] [FIG. 3] 

J!~;:ft!!O)~:Jj(g{ftlOJ1Elii~&Vltlr Furthermore, it is the front elevation and 

lii~-C:~ Qo sectional drawing of another Example. 

[~ 4] [FIG. 4] 

1Jt*O)?. /{,;; ,;l • ,;l - J/ -y }- 0) It is the front elevation and sectional drawing of 

1Elii~& Vltlrlii~-C:l9> Q o a sputter target of the past. 

[f.f-%OJfill~] 
1,11,12 ,;l-J/,y l'-t-1 
2 ij{ ':,/7' -1 ':./ :7··,t;t 
3 /'\,;; ::\7-:,,,, :7''7" v- }-

[~ 1] 

(a) 

[~ 2] 

la) 

7/31/2006 

3 
( b) 

( b) 

[DESCRIPTION OF SYMBOLS] 

1, 11, 12 target material 

2 Bonding material 

3 Backing plate 

4 Offset rate slot 

[FIG. 1] 

[FIG. 2] 

3 
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[~ 3] 

4 4 

( b) 
( a) 

[~ 4] 

1 

( al 
( b) 

7/31/2006 

[FIG. 3) 

3 

[FIG. 4] 

3 
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Abstract of JP5230642 
PURPOSE:To prevent the cracks of a target 
material caused by heating. 
CONSTITUTION:A target material 1 contg. 
required elements is fixed to a backing plate 3 
by a bonding material 2. The target material 1 
is provided with slit grooves (or grooves by 
notching or grooves by cutting) 4, and the 
target material 1 is divided into many small 
divisions 11. The difference of the elongation 
in the position in the thickness direction of the 
target material or the like are reduced, by 
which the cracks of the target material can be 
prevented. The small pieces of the target 
material which has previously been made may 
be adhered to the backing plate. 

t a I 
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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 
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and a positive potential is applied on the negative
potential target in the form of a pulse at the frequency of 
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the plus ion accumulated on the insulator and 
high-resistance film, and the abnormal discharge due to 
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COPYRIGHT: (C)1995,JPO 

(11) Publication number: 07224379 A 

(43) Date of publication of application: 22.08.95 

(71) Applicant 

(72) Inventor: 

ULVAC JAPAN LTD 

OTAATSUSHI 
HAGA HIDEAKI 
TANI NORIAKI 
SUU KOUKOU 
KOMATSU TAKASHI 
NAKAMURA KYUZO 
MOMONO TAKESHI 
KAWAMURA HIROAKI 
SUZUKIIKUO 
IKEDA SATOSHI 
ISHIKAWA MICHIO 
OTA YOSHIFUMI 
MATSUMOTO MASAHIRO 

,~ -------- ~ i~ ~---+ 

150 ~ 
(~ 

o, ........ -:--t-~, ..--;so;\;--:1~00.--+.sa,=-::=t-i...Ja 

•• a (kH•l (flsa) 111111. 

mimosa 

Page 686 of 1053



(5l)lnt.CI.' ~g1Ji2.J,iJ, n'Nl'eJ.!i!fft-lii} 
C 2 3 C 14/34 R 8414-4K 

A 8414-4K 

M 8414-41< 

tqm{J}lG-17653 

C22Hf:Hffi8 .qz~ 6 tf:. (1994) 2 fl 14 8 

~ ......... . 

<m rnu~J 
( H:1£1:J] &r:tti 7,.rJ:llll~'t'i:ill.if.t;:r,.J'i ':I !i1 ttl:J:: IJ iw. 

'i!J:f'E 7 -7' ·:1 H: 7-H ·:1 !i1 1) ;., ?' 'E;f=f? 't" t>illii!~NtJ< 
iiJ ~ -e c1; tJ • ti\?. -& ~ r .. 17,.1,;::, !i1 •J ;., ?'~ff? -rt> f4 
1tintiUO)f.t ~' ;t.J~ ·;, !i1 ~ffltJ<:fHlH1 .;l./'i •;1 5'1.ii:t. 
Wlntl 1.R~ti.7-.1::IIB~'t'i:ill.il.l.Al'i::, 71:tl:J:: IJ~ 

at 11 :$' - 7' ':I I- 1.: 7,. /'i ';/ 11 IJ ;., ?' 'E: If-:, 't" l& t:1,Ll:.1: tiU~ 
€: lfj&tT-Q 7-. l'i ·:1 -7 t~l:.a t,,"('. !il i\l:fi'.!O)i!f.ttttt !i'-7' 
"/ 1- r:.iE ml~ ~-'.ii!O)/lil ii!r:tt-e 1'iJ1, ?-.-iJ.:1:1:fJJJ!l L.f.ttJ< i; 

"/~ •;J !1 ');.,~"to. 

PTO 99-4732 
S.T.I.C. Translations Branch 

~fffl1JZ7-224379 
(43) ~DAB lf!lil::7 q; (1995) 8 Fl 22 8 

. F I 

(71) iliffiA. 000231464 

8 *J!;t~ttUHlit~1.J: 
~~tiEJll~Mf.7 ~;trixmi2sooff';J& 

(72) ~cyJff ;ti:EB i$ 

"'f jllffl LIJ ilt 111 LIJ iltlT fflfB 523 8 * J!t ~ tt 
ffitht~tt "'f ~.fflM~UJf ~mN 

· (72)~1Ylff ;Ji!~ 8 Wl!JI 

"'fffi~LI.JiltWLI.JiltlT~EB~3 B*•~tt 
ffiU::i.t~tt-=fJiUiIM~fi1f~ffiR 

(72)~1VJ~ ~- ~~IJ} 

~~~LIJR~Ll.liltlJ'MfB~J B*Kgtt 
ffi**it~tt-=fji.fflt.f~ilf~rliN 

(74){-\!JY!A #JI± ~tH Ia- (,1,. 2 ~> 
.liUHU:tii'c< 

2C:O 

ISO ll: 

• ali,I 

• ir: 
(A/• I•) 
so 

Page 687 of 1053



l 
I 

· C4Uflll !t< OJ *ii lffl 1 w 
Wl~J:Ji 1] &Jtt.f;;t.JJl!fl~IP"'t.'itlfm;V~':17'i'lil:J::. 

I) ilUl ti:$' - ?' ? H: ;;t. / 1 -;, :$' 1) ;., ?' ~ ff? '"'C ~ ttLI: 1: 
iifffl~m.5t1" o ;;t.H •:; !I tt.1:.a1,, \"(. ~ 11t~0>~11f17' 
-'J'·:11-1:1Effltll'«?JIJ~tt5-4 o o kHz"t"l'Ov;;t.tfi: 
1:l:flhDL,tJ;t.1{1::,;;t.11-.:, !I 'J ;.,!J-to.:. c~Miac1".:fi;;t. 
11':l?'nt:E. 
can~IJt2] llfrfa~1llf1:$'-'J'-.:., H;J:S 1. A 1 •. T 

(2) 

a • T I. C • I T O. Z n O • S n O i ;I; t.:.11 .:. h i:, 
OJ~i?l"'t.'~IJ. ;r.t.;., &Jt.#;;t.11N1 • Oi. H2, N 10 

H, • CO. COz , CH• , C: Hz , Hz OOJP'f' 

n~1?•t.:.~2?~..l:0>~•ti;;t."'t.'~.:fi.:.ceM~c 
1" ollt~IJtffl 1 IJt1:a~~OJ;;t.11 ':I :S'ntt.. 
cm~~3J -~~~~~~~mc~mtt~-7'':ll

e:Mrtil ~ -tt-rmt,t. &itti ;;t.#IHl~tf:i"'t.'illif.f;;t.11 ':I !I tJ.i 
1: J::,, 1,ua tt :7-'J'-.:, 1-1:;;t.11-:1 ::$' •J > ?'efr? "t'~t& 
..1:1:iWffl~ m.5t1" o;;t.11-:1 !l~ra1:.a1,,"(. Jtll~1:1E 
111~~/l,Ji1Ut5-4 0 0 kHz 1?/Uv;t.~l:1:f]1JD1",?,.C 
~e~ffltt:S'-?',1-~~~t.,t.:..:.ceMmc1".:fi;;t.H 
,:; :$'~Ill. 20 
[ll~lJt4] Jl1Jic~11ttt:S'-7'-;, 1-!;tS 1, A 1, ·T· 

a , T I . C , I T O. Z n O. S n O 2 • t.:. l;t.:. tt i::, 
O)·~"'t.'~I). *'t.:., &itt.f;;t.~Ni. 02, Hr .·N 
H, • CO. CO, • CH• • Cz Hz , Hz QC1)1,,,-f 
t1.~1?*t.:.~2?~..l:0>~•n;r.-c~o.:.c::.~Mmc::. 
1" .:!>ftl~IJtffl 3 IJ{l:ic~OJ;;t.H-;, :S'~M. 

1-iffflljL 7 - 2 2 4 3 7 9 

CO o o 5] •• ll112fit~C1);:::t./1·:;:$'1Ul~JJH,'"'C~ 
m..1:1:~1fi~/0t. ;'t$:/gt. GUl/15t~OJN~bt.llsi1"o~, 
iSt.oUti!fl ~ m "'o o c ;;t.11-;, :S' 1J ;., ?'111£Jllt~/j(l;ti,t1,,, 
nt. ;;t.1v:,':l:S' 'J ;..,!J0>&~c~1:. :S'-?'·:1 t-~iiil:~ 
t.l4'.J{>iiiUl;t.rt10tn'.t:tU1t1" .:fit.:.lll'J. 81.1ttu1 e~.:. 1" c::. "' 
:ir .. i;in<~o. 
coo o 61 ;r.11·:d"J::.,?'tf:il::841t'~fllntn~1"o.t. 

~lli?i OJt.f. "'~~t.f.Ml~~Ml1:-o..l: i?~ifntf.JtJ:R!Uij'/le .& 
1!1". 
COO O 71 fi~?"t', t'U~C1)7,lb?"~!i!l"t'lijffim'RF 

;;t.1~ ':I :S1 'J ;., ?' et9? "(1,,,.:fin<. i9iiil!~~'«?iZ·~c 1" o 
Ji .g-11. o c ;r.,1 ':I:$' •J ;., ?' ef9!,.>, ?"-7' ':I H!Huil: 
it!til4'.!~i9i tlf tii:Jmt.lH1Utt I.,. t.t 1,, ,J::: 51: :$7-7' ':I 1-i:ii'ii I: 
1[-.:> "t' I. c-:) 3 ::.,ft1"o J:::.? I: l,"(!,.>.gt,<, 84#.~111 
~-t~ l:~~1"-?>;: c:!:.t.itt!HIV.t Ir\• 
coooa1*~~~~~0~~-em~1.,.. &~t.f;r. 

#l!ll~tf:!1? ;t./1 ':J ?" 1) ::.,?':£fr-.:>-C t,j9j~~Mtt.lfiiJ~"t" . 
il!il). ti\?, ~ll!ir .. i;;v~-:1:S1 1J::.,?'efr-:>'"'Ct>Jli~~t'J 
O)f;t. "\ ;t. J'<..,, ?" /i%JIJIO)iiJflt!t..i: ;t.l'< ':I -$'1.;~::aJ::. r}~ttl:: 
m1,,1o;;t.1'<":I :$'~f.1£:m~1"o;: c~ l§Jtf.Jc!::1" .:fl. 
[0009] 

c~ue~a1"ot.::.~C1)•~J*~BJJO);;t.n..,,:S':nM 
l:t. m.f.t-t.f ;t.#lffl.'P"'t.'illffi;;t./1 •:; :$' tt.l:J:: tJ i;f:ltf1:$' 
-7'-;; 1-1:;;t.H::, !I 'J / ?'~fr? "'C~•..1:.1:r.Jl3tem~ 
1" o ;c.1" -:1 ?" 11:1:.alr1"t'. A 11l<f£(1)ij,:iQf1.Y-7'..,, H: 
iE~fit er.,Ji,ttt 5 -4 0 0 kHz 1?/"l,Jl,,;;t.~l:1:f!IJD l,tJ: 

[~B}JC1)~*8ft.dJlBJJ] t)fi:,;;t.l'<•:; :$' IJ /?'1"0.:.. c!::~Mtac!::1"0. . 
[000 I] • [0 0 l O] l'l;t.::.. llfl'Jc~llfi:$7-7',;, H;tS i. A 

[lUi..1:.0JflJffl~lfF] *~BJJl:t;;t.n':I !11.;tti.SJ::tH:OJ I. Ta, T I. C. I TO. Zn O. Sn Oi £1'.:::.l;t 
.7..1~·:;7'~1.itl:ll&lt,.. :!I!'.1:1$L,<11. &Jttf;;t.#l!ll~IP 30 .:..tti::,(1).Qcl,, ::l:t.::.. &itt.f;t.l;lN:. 02. 
"'t.'~'iltit :$'-?'-;., 1-1::;;t. 1,; ·:; ?" IJ ;,,?'~ff? ;;t. /1-.:, :$71:; . 

tt. .a J:: r,< ,t-OJ ;;t. H ':I :$' ~ G!'H: n&l 1" ,;, • 
(0002] 

t~*OJ~ffi1R*~S. &~t.f;t.~l!ll-~1?~1lttt?" 
-7' ·:1 t- i: ;r.11 ·:1 ?" 1J ::., ?'ef-r -,-r~.m..1:1:11un.f*1Yt 
~¥:l!Sl, G"i:lsU~W (1)~ e Ji.t~T o .7.H ':I?" 1.;rli. l::ffl t,\ 1:, 

tl,;,;;t.11·:; :S'~tlU::: l,"t'l;t, -~m~~~,:~tlic:!:.:S'-

Hr • NH> • C 0. C 0: . CH~ • Cz H? • H: 

o OJ 1,)"f ttt.i\ 1 ? *t.:11. 2 ?W...l:.C1)ii• :ff ;r,, ct., -r ti J::: 

Coo 1 l J *~IIJIO);;t.n•:; ?"~rall;t. A~~l!lt~l*il: 
~-c!::~Ctt:S'-7'71-e~~~-tt"t'~~.&Jtt.f;;t.~ 
l!IISR.tf:i"t.'W:tllf;t.H7~rJi.l::J::.l'JWatf'!:?-?'-;, H:;;t.1t. 
':I :$7 1J ;.,!J-t-ff-:>'"'C~Ui:J:l.:~N~m~"t".:fi;;t.1'<':I :S'~ 

?'·:1 t-tJ'J- r"!:~~L.."t'&IHt. it:ST-7'·;, 1-tJ'/-r ll:ll::.tn,-r. j\1tt&1:1E1U&~f.51i1Uts-4 o o kih 

1.:ll';:iUtt :S'-?' ·:1 I- t:~:t:1 L,. ~~MJM~p;i~ffilf'.(1)1: "t' /;;JI, ;J..~ l.:l:flbn1" .:fl iUiw.~~ta:tt :S'-7' •;, H::ta.t.! l, 
l!ff 5:tt c t.,t.:..tfi:~"t.' :$7-?' •:; 1-1:m;:t::'ltl:T.r: ~1:11.JJD L, "t' 7- : 40 t.:.;: c ~1--'rl,t c:!:. 1" o. 
'J' ·:1 1-1:;;t.1~ ·;, 7 1J ;., ?' e ti' ::i ~IZ:ln<"'1!,; n "'C 1,,a. 
[O O O 3] -t-VC. ;;t.r'.-:;:$7 1J ;..?'IP.iOJ1ll~cV(l;t 

(aif.tillilil, a::t.: li!JiJ;U;t'.13. 56MHzC1)~Jlili!tfflili1.e m I,)"( . 

l,\9. 

[0004) 

[fal!fl7){flit;i.:: t,. J::? c 1" oii'UlU nnt2R*0).7,,/', ':I ~.¥i 
Ill £-ffl P-C litt&:..1:.1:~iUf-$:~. 7£:~ff~. Gi::!iUJl~OJN £-
1£1Bt"t o~. i9ir.,Ji!t1lt~e m I,\ .:fl RF Al~ ':I?" IJ / ?'Ii 
~~MAma~~t.,~d~1"0;:c~iiJ~1?~a~.d 
lfSlit!JJ(t<im 1,,, c 1,, \? r.11N.11t<~ 7->. 

c o o 1 2 l 1:.t.:. nr, aa~iU t! :S' -7' ·:1 1- 1;1: s i. A 

I. Ta.TI. C. I TO. Z no. Sn Oz *f.:11 
;;:: n i::, C1) €i ~ c I.,. *. I;. & f.t- tJ 7,, Ii N z • 0: . 
II: • Nib. CO. COt. CII•, Ct 11,. II:. 

o OJ 1. l'f nn\ 1 ? :Et.:.11 i ?W.J:C1)i~• tJ ;r. c!:: 1.,.-r t>J::. 

(0013] 

c~m1&~#;;l.~~•tf:i-c•m~!l-7'::,t-~~~~ 
jW,J::: IJ il!if.f'iUIJ: ~ 1:1'1.IJI l,, ;;t./1 ':I:$' IJ ::., ?'~ff? c :?

so ':I-;., H:t;r..1~ ·:1 :$' ~ n-r~1&..1:.1:iilJ1SM{m/Jta- n.g. 
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r o o 1 4 J ~n!;r.ni!I.!~ .;r,n ·;, ~ 1;;., ?' e.19-, c!::. 

~ ->/ -:1 r J:: 1:.11u1t 1.., ~m*1:~~~uwcn~1:1::fWt..l::tJ 
7, t. ~ li&Jt; tJ ;r, 0) 7 7 ;r, ( +) 1' ;.f" /tJC:lfrfJt at\Q. 
:_0)77.:;r, (+) 1';.f";.,O)ffl:filn(,->/';t rfllJ, .:r.o

:) ::1 ;., ns. 7-.,, 1'1111~1, c!:: 7-~ ~111e ~1 ~~;: 1.., t n 
?t .ti5(1\l Q)/K(l!j c!:: fJ:,::,. 

roo1s1 ~Q)~•~~,:s~->1,ru.mu~. ~ 
mm~~m.:r-~c~?tm~1..,. ~~J::~M~L,.d~ 
~ tt~llJfflQ)~irta ctJ:Q. 

r o o 1 6 J ~ -i:r-:1 H:atu!t:a1x e 1:111.Jn vr D c ;r,r< 

,~~;.,?'eff?~. ••ttQ)?-?",t-~m••e
~O)Jlilia:tt"t:'1~11,;r,~1:l:llJJtrt-?) c. E11tttl:J:: IJ 7'7 
;;("? i:p Q)@.:r-e <JI '@\i1ftt. ?->/ "'.I t- J:l:flU.l L:.t.:itl8 

~. ~~m~1:~~ffl9Q~.,.,, <+> -1;.t-;.,O')mme 
i:f:t~l.,. 7-?•~~.1:Qn••~e~~9-?). 
[0011J~Q)~. ~-?"-:,t-~l:fl~9-?)EaRQ)l:fl 

~"M~A&ttQ)~M~~~"C~~T~<cti•*~~ 
?Jt.: ~. /itlmlmlt liiG'.iittiltimo:>~I: J:: Qd/lUll!tJ:: IJ tt 
%0)~~c~~fflm:,:s~o. :.'1Jd~Jmm:~~Jlil~1 
3. 5 6MHzj/~-:1?1it;0).6tJtU:l!IJtJ::1Jtiilt~l. 
[0018] 
C~IJafJlJJ J;J. rMSM~iffil:~-:, "C*~~Q)~1Ja!JlJI::>~) 

-n~~'t~. 
coo 1 91 f;gJ 111 • .,,,~,;,?~111(7) 1911em-t:t>o, 

,:s,_ !gji:f:t. 11:ia~mJI~em-r. 
roo201-g~~~1ens0)?71';.t-~;.,-;10,.1: 

? t.tag~ ;.,-;1~0,Jlt~m,~~ 2 1:r(11,-;13 e1t 1.., tti 
m1..,. ~•gmJil!~t~o,•g•e~~~ac-t~c~ 
~- agmJI~l~~~m4c?-?",rh~-~sc 

( 3) *-lllll.!Jl 7 - 2 2 4 3 7 9 

9e-r. n~l:<t 1 n1:~~4 c.. ~->/';t 1-ti·1- t: 
5~~1\lttf->/7r6c!::l,"C~1*(S1) ~~->/ 
-:11-e~tH,~. 

CO O 2 51 ~W-C. ~~~Jil!311l*Jf:~~Vli~U*21:: 
J::tJ 6.7Xl0· 1 Pa ( 5Xl0" 1 Torr) l:m~l.,t.:,~. ~~ 
~Jfilit 1 ~l::;tJ;r,OUfiifil{8 at,,So:>7Jl,:1;., (Ar) tJ 
;r,c!::, tJ;r,~~~8b~SQ)~*CN2)tJ;r,c~Gd 

.. Q ~,:t;tJ ;i. e ti .,,~A ,i= 7 e:ft I., "C ~A I., T, iAJ!t~92! 
JI~ 1 F*)Q);r,/1-;1?E£t,t 6. 1x10· 1 Pa < sx 1 o- > T · 

10 6 r r> ct.1:-oJ::?l:L..t.:. ~1:JUa'.4.1:1:~d~tl.-?) 
ilfl::71'* (SI Kx ) Q)Jiiltfi$1'Jf2.03cf.t:-oJ::.:'51: 
Ar tJ7-cN2 tJ;r,Q)u,fll;,t,·Nt.:fh 100sccmc50sccm 
l:"1M L, ~ f&, DC~ ?'.::t- t- c;., ;r,11 ':I? ~I: J::. tJ i4'1ll 
tt:?'->/-:,t-6~~j1,[1Q~llJ::tJ~~1\t~3kWf:l=fJ 
1JDL,, Afft~o:>:$'->/7 I- 6 l:E1tttte1~11,;r,.:i.::.,;, t-
1 2 J::. IJ Jlilill:tt €:2k.Hi/J\ G400k.Hi l:jl!it; ~ ttt.tt,t G l1JI, 

;r,~ (jg! 2 #!ffl) 1::1:fl~ I.,, ;r,1~ ';I? 1) .::,..?' ef':b Tl& 
·4~~d~000AO)~re?"~~(S1Nx)~i~d 
L,t.;:. t/i1. 1\ffittO)?->/';I H:11Jt,;r,~1::1:111JD"t-oiE 

20 1l1{:U:Q)l:fJ1JD~r .. i1::tJliJ i1.Ut IOkffz 9'! 1:'o:>Ja-8-1:tlO µ sec c 
I.,, fliJia:tt lOkllz-t-.fflA -Cl00kllz9'!1:'Q)Ji-8-l:t Sttsec 
c L,, JIJf11f{lOOkllz€:MiAt.::1"1'8-l;tl IL sec c L,t.;:. £ · 

t::.. DC"??';t..t-o>;r,H7:$'~0)1fl1J;ll~m'.e 2500e 
C. l., t.:. 
coo26J~1..,~•*••1.IDttcd~~~eA~m:O) 

i4'11ltt::?'-?'';I t- 61::1:fJJ.Ja"t-?>Efltfil:O)fliJia:fdijl:~li:'. 

coo 2 11 ll'?l 3 n\i:,BJJ sn,t.1:J:: :> 1:ft'lllm:1:1:JJ1JD9-o 
E1Qtto:>Jlil ilttto:>Jtt~ I: ~~l. A"mt&i'd:lIDttlil:itP L,, 

'1?:tHliJ 1:aarn I.,. ate;,->/ •;t .r h '/- ~ 5 Q)J}fJirul:~ll); 30 J1il vU'L1'J'SkH1.l;J..l:i.:'l;l>{:·O)[e]ttl;tl;f c Iv c O 1:t.1: IJ, ;: 

tt9-?',t-6Eo~M1:'*;.,f~?'"t6J:::'5~l.,t.;:• tl.J;}.~O)J1iliJtttTE1\tm:eA1\tfil:0)9-?'7·t-~l:fJ1JD9 
t::.. ,~~~mii~ 11*11:t1;r,~}..1g1 e1tt,ttJ;r,~;., n1tA1itB1ttnt~~.1..,tJ:~l.:.cni,ttJ\-o. 9'!t::.. jl'illffi: 
""'f!i o:> tJ ;r, out~ s J:: l'J ;r, ,~ ';t? tJ.,, e ~AT)., J:: :5 1: 
~t::. ~~Oil1:"~t1;r,•Aw1e,t~1..,. -:n~~~w 
9a~:l.f7-./£~ffi#lOaeftL,"C~ffltttJ;r, (OilA~ 
7Jt,::/;,,:1.fA) O)tJ;r,{11.,1:8~8 a'ci::ffUfl~. {l!.!:n'(T),t~i 
11' 9 b 1: jJ 7-./£&11ini# 1 0 b e1t I., T lx~if ;r, ((JiJ;Ut 

~*ti"'> (1):1.f;r,mre~sbeg~~~. 
c o o 2 1 1 * t::. 7 - 7' ·;, t-- n 'I - r s 1: n itt m ~ 1 
I ',?l~Jl,7,1::.·;, t- I 2 e1tL,"Cf~f1ll.,; /1Jl,;r, . .::i..::.•;, 40 

1- 1 2 '.?ll~ifit,ti,mtt:?"-7', t- G 1:~11111:tIEi'\.tfi! 
'.?iiJi~O)Jlili/Ji;t"t:'l~)l,_7,.~l:1:fJJJU9.gJ::.? 1: l.,f.;: • . 

r o o 2 2 J *-t::. ?-7' ·;, t-- tJ'J- r s O)ivmi'1110: "? 

?' * r o -,,, ;r, ,~ , 9 °' t::. v:i o:> ~ ?' * ';t " 1 J -:r fk'! m 1.., 
"C. ~-?',rn'/-r5C~l'JMltSttt.:W11ltt:$'
'i ·;, 1- 6 0) t<ii'ii 1: ~'.I* t-- o ::..- A ,1-;, :$' 1:~-~t.tm1a e 
~A~J::-51.:L,t.;:. 
coo 2 Jl *':. ~ 1 ~rzzem1.-,t*J!UJJ(1);r,1~·;,9 

1Jil:O? !',t.f.~~hiHrll:. :> r,,tmeJJT 6. 
. ( 0 0 2 4] ~ha Oil 1 

1:1:fJJJo"t-oEiltfil:O)fliJilittn<400kllz <IJ.!ira1lµsec ) 0) 

J,i\-8-l;t, jfil?t'O)iOifliJit.Uli/l (13. 56Mllz} clil!~ t;.6tMl 
~m'. c t.1: tJ. 400kllz.l;J.J::O)fliJ ilitt 1:'l;tiE flt tt o:>l:flrol:t:li 
'*tJlf.1:1,,. t'c-:,T, f1c.111R0)?-7'':l l--1::l:llroT-?>IUl 
{$£(7)/llJ i1Utfil!llll;t s-400kllz1:'if!> o.:: cn'jfEU~ ht::. 

Co o 2 8 l ':i!~. PililH'.<IRII.JB S-400kJlz1:'0)d,m;m[!( 
l:tiTii/lilil!i1Uili1. (1J.56~1i) J::.l'J't>~l.ldR$lilt11.lt1:'~-o. 

C O O 2 9 l l.i1.: Jt; :11 ;r, 'ffl.JB~ip 1:'ili.int;r, H -:1 7 il: 1: J::. tJ 

iFr1Ut.t :?'-?' ·;., H: ;r,1~ ·;, ~ 1J /?'ef9? c!::. 9-?' 'l 
1- J::(7)~~.:r. a -Y :1 ;., 1$,t 1:ititlttl ':i!~ l;ti9il.lUnNn<Jft. 
ffll.,. tt•(7)~~ffl~1:':?'-7'':lrcAo,mm:e~~L.. 
*'..:!it?> c!::. tea~ ..t 1: 7 '.7.,, < + > (7)ffl mn1w; fA 1..,. :?' 
->/';tr, .:r.c-y3;.,~. 7-;r,1U~c!::O)M1:'7-? 
ame~.::1..,. mme~ill"to.~Q)~*Aaam~n 
~T-?).:.c!::C~6~. *~~1:'~~2~;f-9J::?~A1U 
m:~m•~e~m~~. ~6-~0)~ilitt1:"l:flro96;: 
c!::~J::l'JM~01Uffle~~l.,"CAS~1UO)~~e~~"t 
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,, . 

I 

I 

( 4) ~ffflif!7-224379 

(0 0 3 OJ ~1Jaf§!J2 ~ COO 3 9].t.::. MB'c~:1!!91111'..'liiJUltt:S'-7' 7 r-
fj',n;;tf:,,t. L,-CM* <01 > tf;,,-t-Jfl~), ;vt::,:7!£:£- 1:s 1 ern1.1, &Jttf;,,c.t,-c!ll~ti;,,em1,1-c~11.i.l::. 
6.7XI0· 1 Pa (Sx10·>rorr) cl,, !llliiif1111Je2 k l:~ft.71'# (SI Nx) ~eJf%x.L...t.:t.>t, ~ltl1:7-

Wc:l,, lM1U:::.1:Jft~~tt-'.>!i!lft;7-(# (SI Ox) 11) 7'·:; 1-cl.."'CS I O')ftbtJI: I nz O, -Sn 0: !JUa 
Jmflr$7'Jfl.46cfJ:-'.>J::? 1:il#if.Uil:eifHUA.::J;IJ1-l;tM ~ (IT 0) • !i!lfl::geS'd (Zn 0) . M(ft;;:r.;( CS no 

rc!;ilU'(ifJiJ U: jpjflRO')n"f..& 1," 0 C .OZ 7' .:f f- 0 / ;,,H ';/ :$' i~ ! ) e .ff'H,1. &.tt :ff A C I.,"'(~* :ff A 11) f\!b t) (:tit* 
l:J::l'J?'-7'·:;t-l:.7..1~::,:7•J;.,7'.f:fr-.,-nUU:l:JDl (Oz). ftift.m* (CO) :·=~ft~fi (C 

J:!illOOOAO')i'l!Hl::71'~ (S I Ox ) ~em~L,t.:. 01 ) , * (Hi 0) ~Q)~;~H:'atttf ;,,. i::t.::l;t:e-0') 
[O O 31] :e-1.,··0141r.h.U1121~t:.fi\1tl{y;0'):7-?''.:' t- ;ff:,,1:71<~:ffA (H2) ii-8-Gt..::t.f.7..eJIHl, AlttttO:> 

1:1:fJJJDT-'.>iE'tllttO:>Jlilir:Htfjjl:ileJ~l,t.:. f!Ji.:,ttt..::~J~ 10 ?'-7'·:; t-l::l:fJJJDT-'.>IEffl:ttO')/liJi1H'i:es--4 0 0 kH 
~Jl!~li'?J41:jf-"t. 
C0032]~4~6~6~CJ::::,~ft1lltt~l:flJJDTQ 

iE1ltttO')m~~~~5kHz1'..'AMame~~W~L,ffl 
Q .::. c t.1<,-U.11 Q. 

C0033JN. ~4~~~QS1Nx0')~~m•<m 
A~ ~ME•~~lO:>~~~-e~~O')f.:~~~,L, 
t.: t,Q)"("i11,-o. 

(0 0 3 4] ~_heg!J3 
IIJ11ltl::7-?''.:' l-cl,-C?'7771 t- (C) t,}fl1,1, fi. 
Jttf.7..c.l..,"'C::1-11;., (CH4.) ;ff;,,€;/fl1,1, :,.1t-;1:$'l£ 20 

e 6.7XI0· 1 Pa (5XIO·'Torr) cl,, iliiUt:h>a:2 
kWt.L-t.:a~~~~~~~1clilJ~0:>~~~oc~?' 
;:t- I- C / ;,,,~ -;1 :$" tl:1::J: 1J :$'-7'::, H:;i.11::, :7 IJ ~ ?' 
zrr?-Ci?!ffi:J:l::JmJ!1l 200A0:>~1'"\7-=t:;., t,: 71'? n-
;t-;., (DLC) Jrllem~t.,1!:. 
[0035J~L--CA~~~@tt~~~~0')?'-7'::,l--

1: f:fltJa"t 9 iEl'li u! O)Jlj. ~· 1::a.tn:: I.., t.:. ti,; ttt.:~lri:'. 
U:*~IM 41:m"t. 
[0 0 3 6] 1:i?.141'Jl':>IPJ':>t.llfJ:J:?l:~10:ttl:l:fJJJD1"Q 

IEf!l{iO').f.'ili.!U'il;U~ 5 kHz "t"84ff.n!rttl:f:l;t1£1t/ill:L,i!} 30 
o:. cn<;tt.11-:i. 
Co o 3 71 M?.c~ha~ l. 2. 3 O')*affl:t.11,;. iJ'Jffl:tl 

!1-?'·;, rMf:l. ~rU~!llil:J::tJ7':};,, .<+> 0)1(if.i0) 

t'H.n Ji\ tJ<YU.t -o t.:: Ill'), YI, r.t ~11111 :S' -7'-:; t-1: l:fl1JtJT -o 

~-~~*•<~~~Q.R?t.m-~5kHza.t 
"t"c1;tl.lt. fil'-10):?-7'·:; rUt.if1'..'t.7-1t-;1!1 1J ;.,:7r.p 
O)nm•me*~~~~-ro:.t.Mlli*~=t.~~o. 
Co o 3 8 J ~he!,IJ 4 

-~tl?'-7'::,rc.l...t7~~=~~ (Al). ~:7;., 
(TI), 7;.,7Jt, (Ta), a;t.::l;t;::tta;0')-8-~{JIJ~. 40 

It A I - 2 a I % T I ~ ffl l- 1. &. ~ ;ff 7- c. I.., "'C !.'! * 
( N 1 ) • ft/: ;(i . ( 0 1 ) • 71< * ( II z ) • - ~ ft r:.R ~ 

(CO). =tiHteU« (C01). 7;.,:r;;=.7 CN 
II , · ) • 7J< ( 1-1 : 0) >a: Jj1 J!1!. !l.11: 1, \ l:t 2 fill J;J. .t 'a: m l- 1. 

:.n,;~~~mh-8-ntt~. :e-0:>~0')-~€:M~•he~ 
1 t:.. r,;) II 1: I.., "'C D C .OZ :7.::):. r o ;., A rt '.:I :? ;:t 1: J:: IJ liH11 
.1::.1::ittfttti. ~ft4'1. r:.Rft,fjJ0:>l-11"tttJ10')flfmt~mlit 1.., 

t.:M. Afil~C~JJoyQ~~ttMJllnttSkHzl;J.£1'..' 
11 ;i. ,1 ·;,:? •J ;., :1 '1> 1: n 1Utffl: 11) n1: 11Jt,; ttt.tn'? 

z c..L,t.::iJ'!iXf;:r./t•:;:?i:!i (DC?:7'::t-t,o;...,-H::,? 

it;) l:J:: l'J~ffi:.1::.1:.iaf!l:l~ffl:.m"t'.v.>o I TO. Zn o. 
s n 01 O')rlJ~~JijJiJty,;,:. c7'J<ill*7.,· 
[ 0 0 4 0 l l':i:ll 1 ~ll'!'t"t'l;lj!ti{lf}tl::-,i!:Q)Jlij•tt~iE1.l 

tt ~n,1,7,.~1:~1Jm"t 7.>11lil!i.~lll c. t.., -ciJ'.Iimfllit!H::1~11, 
"ffl:iw.0:>Ut.tJ.-ts:bttt.:V<tm t t..,t.:n<. :.nr:m.n::~ no 
t.0:>-r11t.i: <. ~ 21:m-r J:: ::it.t.'1ll.fl'ttt1:iEinur1.1</lilWJ 
tt:J (!Uv ;i. ~) 1:1:flJJD a tt-;,-~ltl(l)'lt~~fll cl, t t, . . 

{0041] 

[~EJJJ0:>WJJIU *fd1PJ<1.> ;,,1~ ·;, !1 ni.!l::J: o c. ~l;t, fi. 
~tf;,,#~•'1>"t'. •~&O')~mtt:7-7''.:'r~E1iur 
~-'1!0:>/lili.1Ut~1tJt,.;:r.~1:l:fl.btl t..,t.t:n< i; ;i.,t-;, !1 'J;., 
?'~fr '.5 J::? 1: I.., t.:O:>"t', ;,.·, .. -:; ?' IJ ;., ?''ti I: :7-?'-:; 

rJ:~mffi~t.:~~~. ~~MmJ:~~ffl-to7',:,.~ 
*;.,0:>~ffl2'P~T-'.>:.cMW*-C. 7-~~~~J::~ 
.A?t~~ ~~HI:: Lt.tn< 1:>:&~r.~1::][? Ti!nl.l/itJIUl!~-r 
?£ taJ: 1:;::~0)t.t~ 1~;:tt.tli'~emlitv o:. ct,<W*o 
w,.m:n<.v.> ,;,. 

[ 0 O 4 2 l *- t.:. * ~ 0)1 O:> ;:r. I~ -;, ~ ~ ta: I: J:: o c ~ · 
11. ij;ffl:t1:7-?' ·:1 r 1:•1i~1:iE.fcl{y::ia:-~O')PoJ~tt 
1'..' !'t)I., A~l:l;flJJOy omiliH:ftU~T oJ::? 1:: l,f.:0)1,", 
7 - ~ ~11.tl:.J:: o Y~1.'.'~11t €:11/i ti: I.., f.t.n<.; :G:P!irn~ t: Ii:? 
-c .ii!J 1, 1~R~.i:llln:1'..'~#iJ: 1:;:: Jli'iO)f.t l,l~J fU.tfiUi:I £- lfjJix. 
"ii" Q;:, clJ<!JBl~Q A It•:;?' ¥i~ ~l:.!~1"-o?Jl.UMll.,o. 
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SPRAYING METHOD TO FORM A THICK COATING AND PRODUCTS OBTAINED 

The present invention relates an apparatus and a method of spraying to fonn a 

coating on flat or cwved substrates, for example, either as part of the direct 

5 fonnation of metallic or ceramic coatings such as superconductive or piezo

electric layers or for the production of targets for sputtering magnetrons having 

coatings which are precursors of such layers. 

TECHNICAL BACKGROUND 

10 From EP·A-286 135 it is known to flame spray complex ceramic materials 

onto a substrate such as a tape to fonn a superconducting layer. It is suggested to 

pre-heat the substrate to temperatures above 540°C and to cool the coating 

slowly. It is further recommended to treat the coating in an atmosphere containing 

one of the components of the superconducting ceramic. An oxy-acetylene flame is 

15 used for the flame spraying. Thickness of up to 3 mm are described. 

It is also known from US 5, )96,400 to plasma spray a coating onto a target 

for use in a sputtering magnetron to sputter a Y -Ba-CuO superconductor coating. 

Deposition of only a thin target coating of 0.5 mm is reported. 

The production of superconducting powders using flame spraying is 

20 reported in US 5,140,005. An oxy-acetylene flame is used. It is tacitly accepted 

that the high temperature of the flame changes the stoichiometric ratios of the 

components and that this has io be compensated by increasing the more volatile 

components in the original mixtures. US 5,045,365 describes a method of cooling 

a oxy-acetylene flame-sprayed substrate with water. Without special precautions, 

25 water cooling is unsuitable for superconductors due to the water vapour produced. 

EP-A-355 736 describes production of flat targets with metal oxides up to 

a layer thickness of 3 mm. WO 98/0833 describes the production of< 20 micron 

thick layers of superconducting metal oxide mixtures. 

The article by Murakami et. al. "Rapidly Solidified Thick Deposit Layers 

30 of Fe-C-Mo Alloys by Flame Spraying" describes up to 1.5 mm thick rapidly 

CONFIRMATION COPY 

Page 695 of 1053



WO 99/61674 PCT/EP99/03599 

2 
cooled thick layers of Fe-C-Mo alloys by flame spraying. Special precautions 

were taken to produce dense layers, e.g. direct application of cryogenic gas on the 

coating during application. 

EP-A-586 809 describes the metal spraying application of a layer of 

5 relatively homogeneous material (nickel coated silicon) which is much easier to 

handle than the heterogeneous oxide mixtures contemplated by the present 

invention. Layer thicknesses of up to 8 mm are described but 3 to 5 mm is 

preferred. Various layers are proposed including a Ni-Al layer for improving 

adhesion between the deposited layer and the substrate. A Ni-Al adhesion 

IO promoter is known from DE-A-33 18 828. 

Plasma spraying of superconducting materials is described in EP-A-288711 

up to a thickness of 250 micron. 

It is an object of the present invention to provide an apparatus and a 

method of spraying heterogeneous metal oxides to form a ceramic coating on flat 

15 or cwved substrates. 

It is a further object of the present invention to provide an apparatus and a 

method of spraying heterogeneous metal oxides to form a thick walled ceramic 

coating on flat or curved substrates which is structurally sound. 

It is a further object of the present invention to provide an apparatus and a 

20 method of spraying to form a thick walled coating of a superconducting ceramic 

material. 

It is still a further object of the present invention to provide an apparatus 

and a method of spraying suitable for forming a thick walled ceramic coating on 

flat or curved targets to be used in a sputtering magnetron. 

25 It is still another object of the present invention to provide a method of 

producing a (magnetron) vacuum sputtering target as well as the target itself with 

improved thermal and electrical conductivity and high mechanical strength using 

a spraying process employing dedicated powder formulations. 

30 SUMMARY OF THE INVENTION 
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3 
One aspect of the present invention is to provide a substrate with a coating 

of a combination of metal oxides having a thickness greater than 3 mm more 

preferably greater than 5 mm and most preferably greater than 8 mm. Preferably, 

the coating is deposited by spraying, e.g. flame or plasma spraying. Preferably, 

5 the substrate is cylindrical and is more preferably is suitable as a cylindrical target 

substrate for a sputtering magnetron. The combination of oxides preferably 

comprises at least a superconductive precursor or a superconductor. The thennal 

conductivity of the deposited material is preferably between I and 5 Wm"1K 1
• 

When deposited on a steel substrate the thermal conductivity of the composite 

10 preferably lies within the range 25 to 125 wm-1K 1
• These values are particularly 

preferred for YBa2Cu301 coatings. Preferably, an adhesion promoter layer is 

applied onto the substrate before application of the coating of the metal oxide 

combination. The adhesion promoter may be a layer of Ni-Al or a layer of an In

alloy, for example. The deposited coating is preferably impact resistant, e.g. 

15 withstands impact of a 0. 036 kg steel ball from a height of 2 metres. Preferably, 

about 20% or up to 30% of a noble metal is included in the oxide material to 

improve electrical and thermal properties of the deposited layer. The noble metal 

is preferably silver. The noble metal may in included as a salt or oxide, e.g. silver 

nitrate or silver oxide, in the material to be sprayed. Preferably, the electrica] 

20 resistivity of the deposited layer is lower than 15 x 10-6 Ohm.m, more preferably 

lower than 10 x 10-6 and most preferably less than 5 x 10-6 Ohm.m. Values below 

1 x 1 o~ Ohm.m can be achieved. Up to 30% of a noble metal such as silver may 

be added to lower the resistivity. These values are particularly pref erred for 

YBa2Cu30, coatings. 

25 The electrical , thermal and mechanical properties of the coating deposited 

in accordance with the present invention should be sufficient that the deposited 

layer can be applied to a suitable substrate by means of a sputtering magnetron 

preferably at a static sputtering deposition speed of at least 5 nm/minute, more 

preferably, at 20 nm/minute and most preferably at at least 40 nm/minute. 

30 When a superconductor precursor or a superconductive material is 
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4 
deposited, at least I 0% of the coating is in the superconducting phase, more 

preferably 15%. This may be assisted by a subsequent limited thermal treatment, 

e.g .. 3 hours and 940°C, after deposition. 

The present invention also includes a method of depositing by spraying a 

5 superconductor precursor layer onto a cylindrical target for a sputtering 

magnetron, the layer having a thickness of at least 3 mm, and at least I 0% of the 

layer being in a superconductive phase. The present invention also includes a 

method of depositing by spraying a layer onto a substrate, the layer having a 

thickness of at least 5 mm, and the coating comprising metal oxides. 

IO In accordance with one aspect of the present invention a flame spraying 

apparatus is provided for depositing a metal oxide combination onto a substrate to 

produce a coating thereon, comprising: a burner for producing a flame; an inlet 

for feeding material to be sprayed through the flame, the flame imparting a 

temperature to the material to be sprayed of 1500°C or less, preferably 1200°C or . 

15 less. Preferably the temperature imparted may be a little higher than the melting 

point of the powder to be sprayed, e.g. 600 to I000°C for some metal oxides. 

Preferably, the thickness of the deposited coating is greater than 3 mm more 

preferably greater than 5 mm and most preferably greater than 8 mm. 

Another aspect of the present invention is to provide a flame spraying 

20 apparatus for depositing a metal oxide combination onto a substrate to produce a 

coating thereon, comprising: a flame spraying gun; and a cooling system for the 

substrate, the cooling system including a device for bringing a cryogenic fluid into 

contact with the substrate. Preferably, the thickness of the deposited coating is 

greater than 3 mm more preferably greater than 5 mm and most preferably greater 

25 than 8 mm. The input material for the sprayer may be a liquid solution of soluble 

compounds (e.g. nitrates) which decompose thermally into ceramic component 

oxides, liquid slurries of the ceramic components or metal powders, or dry metal 

or ceramic powders or precursors of the ceramic components, e.g. nitrates, of 

such powders. 

30 The present invention may provide a method of flame spraying a 

Page 698 of 1053



W099/61674 PCT/EP99/03S99 

5 
combination of metal oxide materials onto a substrate to produce a coating 

thereon, comprising: generating a flame; feeding the material to be sprayed 

through the flame, the flame imparting a temperature to the material to be sprayed 

of l 500°C or less, preferably l 200°C or less. Preferably the temperature imparted 

5 may be a little higher than the melting point of the powder to be sprayed, e.g. 600 

to 1000°C for some metal oxides. 

The present invention may also provide a method of flame spraying metal 

oxide combinations onto a substrate to produce a coating thereon, comprising: 

generating a flame for spraying the materials; and cooling the substrate by 

10 brin1,JU1g a cryogenic fluid into contact with the substrate. 

The present invention may also provide a method of flame spraying a 

superconducting ceramic material or a precursor thereof onto a substrate to 

produce a coating thereon, comprising: generating a flame for spraying the 

ceramic material~ depositing the coating on the substrate; and during deposition of 

1 S the coating, cooling the substrate so that the solidified coating thereon has a 

temperature between room temperature (-25°C) and 150°C, preferably room 

temperature (-25°C) and 100°C. Water or cryogenic fluid cooling are particularly 

preferred. 

One linking concept between the above methods and apparatus is control 

20 of the total heat energy into the spraying/coating system. This can be achieved by 

careful control of parameters which influence the energy input such as spraying 

distance, spray head traverse speed, rotation speed of a cylindrical substrate, 

powder dwell time in the hot exit plume from the spray head, particle velocity 

exiting the spray head, cooling method and rate of cooling the substrate during 

25 coating deposition. 

The present invention also includes a method of reconditioning a target for 

a sputtering magnetron by flame spraying or atmospheric plasma spraying as well 

as a reconditioned target as made in accordance with the method. The target 

material or coating is preferably a ceramic coating, in particular a 

30 superconducting or superconductor precursor coating. 
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The final coating is preferably a metallic or ceramic layer, in particular a 

superconducting or piezo-electric layer or a precursor thereof. The present 

invention includes a method of spray drying a liquid to form a powder suitable for 

flame spraying. The spray dried powder may be sintered. The present invention 

S also includes a manufacturing method for depositing a coating on a substrate 

comprising the steps of: spray drying a precursor liquid to form a powder and 

flame spraying the powder to form a coating on a substrate. The substrate may be 

a target for a sputtering magnetron and the final coating may sputtered onto a final 

substrate in the sputtering magnetron. The ceramic powder may be sintered after 

IO the spray drying step. The flame of the flame spray gun preferably imparts a 

temperature to the powder to be sprayed of 1500°C or less, preferably 1200°C or 

less. Preferably the temperature imparted may be a little higher than the melting 

point of the powder to be sprayed, e.g. 600 to 1000°C for some metal oxides. 

During flame spraying the target is preferably cooled by bringing a cryogenic 

15 fluid into contact with the target. In particular the cooling device should maintain 

the solidified coating at a temperature between room temperature (-25°C) and 

J50°C, more preferably between room temperature (-25°C) and 100 °C. 

The present invention includes an apparatus for spray drying a liquid to 

fonn a powder suitable for flame spraying. The present invention may also 

20 include an apparatus for depositing a coating on a substrate comprising: a spray 

drier for drying a precursor liquid to a powder, and a flame sprayer for flame 

spraying the powder to form a coating on a substrate. The substrate may be a 

target for a magnetron. Additionally, a sputtering magnetron for sputtering the 

final coating onto the final substrate using the target may be provided. The flame 

25 of the flame spray gun preferably imparts a temperature to the powder to be 

sprayed of slightly above the melting point of the sprayed material. Preferably the 

temperature imparted is I500°C or less, preferably 1200°C or less. Temperatures 

of 600 to 850 °C may be suitable for some metal oxides. In the flame sprayer a 

cooling system for the target is preferably provided, the cooling system including 

30 a device for bringing a cryogenic fluid into contact with the target. In particular 
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the cooling device should maintain the solidified coating at a temperature between 

room temperature {-25°C) and 150°C, more preferably between room 

temperature (-25°C) and 100 °C. 

The above methods may be used, for example, either as part of the direct 

5 formation of superconductive or piezo-electric layers on the substrate, e.g. a tape, 

or for the production of coatings on targets for use in a sputtering magnetron to 

sputter a superconducting layer onto a final substrate. The present invention may 

provide oxide sputtering targets supporting very high power dissipation thus 

enabJing high sputter deposition rates of at least 50 nm/min. 

IO The dependent claims describe additional individual embodiments of the 

present invention. The present invention will now be described with reference to 

the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a schematic representation of a flame spraying apparatus in 

accordance with one embodiment of the present invention. 

Fig. 2 is a schematic representation of a flame spraying apparatus in 

accordance with another embodiment of the present invention. 

Fig. 3 is a schematic representation of a spray drying apparatus in 

20 accordance with ~other embodiment of the present invention. 

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

The present invention will be described with reference to certain specific 

embodiments and with reference to certain specific drawings but the invention is 

25 not limited thereto but only by the claims. In particular, the present invention will 

mainly be described with reference to the deposition of a superconductor 

precursor or superconductive coatings but the invention is not limited thereto but 

may be used advantageously with other heterogeneous coatings such as ceramic 

coatings, particularly those having special properties such as piezo-electric 

30 coatings and in particular coatings which contain components which can be 
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degraded by high temperatures or which are more volatile than other components. 

More particularly the present invention will be described with reference to the 

manufacture of YBa2Cu301 superconducting powders and coatings but the 

invention is not limited thereto but only by the claims. Further one way of 

5 carrying out the present invention will be described with reference to low 

temperature flame spraying but the present invention is not limited thereto. By 

carrying out the invention in accordance with the processing details and principles 

described below thick layer (greater than 3 mm, more preferably greater than 5 

mm and most preferably greater than 8 mm) metal oxide combination coatings 

10 suitable for use as a sputtering ma1:,l'Jletron target have been applied by oxy

acetylene flame spraying with water cooling or by atmospheric pressure or low

pressure plasma spraying to substrates including cylindrical substrates used in 

rotating cathode magnetrons. During plasma spraying gasses may be used such as 

argon or mixtures of argon and other gasses to shield the plasma spray. Also the 

15 present invention will mainly be described with reference to an input to the flame 

spraying head of spray dried powder. The present invention is not limited thereto 

but includes other forms of input materials such as a mixture of the metal oxides, 

including slurries thereof or mixtures of precursors of metal oxides such as metal 

nitrates as well as slurries and solutions thereof. 

20 Fig. l is a schematic diagram of the flame spraying apparatus 10 in 

accordance with a first embodiment of the present invention. A flame spraying 

gun is represented schematically at 12. The gun 12 may be a commercially 

available flame spraying gun as for instance available from Sulzer Metco, 

Westbury, NY, USA or a high velocity oxy-fuel spraying gun available from the 

2S same company. The gun 12 may be provided with an air pincher. The gun 12 may 

be fed with fuel gas in pipe 22, oxygen in pipe 23 and gun cooling air in pipe 24. 

Additional gases may be supplied to the gun 12 as described for instance in US 

S,273,957 or EP-A-413 296. Material to be coated is fed in powder or liquid 

form, e.g. a dry powder, a slurry of the powder and a liquid or in solution, to the 

30 gun via conduit 26 from hopper 2L Gun 12 is mounted on a drive (not shown) 
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which provides the necessary movements of the gun 12 to coat the substrate 19. 

When substrate 19 is a cylindrical target, for instance, for a rotating cathode 

magnetron, this may be rotated and the movements of the gun 12 may be simple 

reciprocating movements parallel to the axis of the target 19. If the substrate 19 is 

5 a flat rectangular or circular plate, the movements may be provided by a suitable 

robot and may be complex, e.g. including rotational cycloidal motions. For rapid 

deposition several t:,1UI1S 12 may spray the same substrate 19 at the same time. 

The fuel gas for the gun 12 may be selected from one of acetylene, 

propylene, hydrogen or similar fuels but the present invention is not necessarily 

IO limited thereto. Particularly preferred in one embodiment of the present invention 

is a fuel with a lower calorific value such as one of ethylene, natural or town gas, 

butane or propane as these provide a lower temperature flame than acetylene and 

butane is particularly preferred as it gives a stable easily controllable flame and is 

considered safer than acetylene if powders containing copper compowids are 

15 used. It is generally accepted that oxy-acetylene flames have temperatures of 2000 

~C and more. It is preferred in accordance with an embodiment of the present 

invention if the flame of the flame spraying gun 12 imparts a temperature only 

sufficient to just melt the powder to be sprayed. Temperatures of 1500 °Corless 

and preferably 1200 °Corless are preferred and temperatures between 600 and 

20 1000 °C may be more preferable. These low flame temperatures minimise 

decomposition of the ceramic powder components during flame spraying. 

Moreover, they limit the impact of evaporation of the materials to be flame 

sprayed and allow a deposition efficiency of more than 800/o, i.e. more than 80% 

of the solid mass originally introduced into the gun 12, becomes attached to the 

25 substrate 19. Mechanically stable, scratch resistant flame sprayed coatings are 

produced with these low temperatures. 

The gun 12 is preferably held at 7 to 15 cm from the substrate 19 to be 

coated but this depends upon the size of the flame. Similar coatings have been 

obtained using both oxy-acetylene flame spraying and plasma spraying. Attention 

30 must be paid to the enerb'Y taken up by the sprayed particles during the spraying 
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and the transfer of this energy to the substrate. Intensive cooling of the substrate is 

preferred which may be on the side of the substrate remote from the deposited 

layer and/or on the same side. By altering the velocity of the particles in the flame 

or plasma the dwell time therein may be altered, thus limiting the energy uptake 

5 by the particles. 

The material of substrate 19 preferably has a high melt temperature and a 

high thennal conductivity and when the substrate 19 is to be used as a target for a 

sputtering magnetron a good electrical conductivity is preferable. It is also 

preferred if the thennal expansion of the substrate material is similar to that of the 

10 ceramic coating to be applied. In accordance with embodiments of the present 

invention low temperature flame spraying and/or intense cooling of the substrate 

19 allows the use of substrates 19 with a thennal expansion coefficient up to at 

least twice or down to at least a half of the thennal expansion coefficient of the 

ceramic coating. A non-limiting list of suitable materials may be steel, iron, 

15 stainless steel, copper or copper alloys, however the low temperature flame 

spraying process in accordance with the present invention, either independently or 

in combination with intense cryogenic cooling of the substrate 19, allows other 

materials to be used such as paper, cardboard or polymeric materials. Preferably, 

the substrate 19 should be free of grease and dry before deposition. Preferably, 

20 the outer surface of metals is sand blasted and then lapped with abrasive 

materials. Buffer layers between the substrate and the sprayed coating may be 

used such as Ni-Al or an In-alloy. These may be applied by flame or plasma 

spraying before application of the metal oxide coating .. 

Where the substrate 19 is rigid it may be mounted in a suitable jig. For 

25 example, a cylindrical substrate 19 is preferably mounted in a rotating device such 

as a lathe. The substrate 19 may be held by rotatable chucks at each end thereof. 

The temperature of the solidified flame sprayed coating 40 on the surface of the 

substrate 19 is prefer.ably measured by a temperature sensor 13, 15. The sensor 

head 13 is preferably a remote sensing optical head which is not in contact with 

30 the surface 40 of the flame sprayed ·coating. The temperature to be measured is of 
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the solidified coating 40 and not that of the coating immediately on impacting the 

substrate 19 which may have a higher temperature. Hence, the temperature sensor 

13 is preferably mounted so that it lags behind the impact position of the flame 

sprayed materials a little . .In addition a temperature sensor 31 may be provided 

5 inside the substrate 19 for further control of the deposition process. Control of 

deposition temperature is an important aspect of the present invention. Control of 

temperature affects the amount ofthennal stress in the coating, a low stress 

reducing the possibility of cracks forming in the coating. 

In accordance with one embodiment of the present invention a means for 

1 O intense cooling of the substrate 19 is provided. This is preferably a cryogenic 

cooler comprising a supply 16 of cryogenic fluid and a delivery system 11, 14, 17, 

29, 30. The delivery system may be adapted to the form of the substrate 19. For 

example, for a cylindrical substrate 19 the cooling device may be a conduit 17 for 

supplying the cryogenic fluid to a control valve 11, a conduit 30 with regularly 

15 spaced holes 29 for distribution of the cryogenic fluid inside the substrate 19 and 

a control device 14 for receiving the output of the temperature sensor 13, 15 and 

for controlling the operation of the control valve 11 so as to maintain the surface 

temperature of the solidified coating 40 to within a certain range. Particularly 

preferred is a temperature range from room temperature (25 to 30°C) to 150 °C 

20 and more preferably room temperature to 100 °C. These low temperatures avoid 

thermal stresses between the coating 40 and the substrate 19 providing a good 

bond and good coating density, hardness and scratch resistance thus helping to 

ensure the long term stability of such a coating. Using a cryogenic fluid such as 

liquid nitrogen (77 °K) is quite advantageous and economical as it does not 

25 require the complication of perfectly sealed rotating inlets and outlets to the 

substrate 19 when water or other liquid coolants are used. Additionally, cryogenic 

fluids such as liquid nitrogen produce large temperature gradients, thus increasing 

the thermal sink-effect. Other liquid cool~ts such as water are not excluded from 

the present invention. 

30 The cylindrical substrate 19 may be sealed by a seal 26 at one end and with 
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12 
a rotating seal 28 at the other. The seal 28 may be provided with a sealed 

f eedthrough 27 for the supply of cryogenic fluid. If water cooling is used, rotating 

seals at both ends of the cylindrical substrate are considered very important to 

prevent escape of water vapour into the deposition environment. In accordance 

5 with an embodiment of the present invention it is preferred if the ends 26, 27 

allow escape of a cryogenic fluid which then fonns a shield gas around substrate 

19 during the spraying process. Particularly preferred cryogenic fluids are liquid 

nitrogen, liquid oxygen and liquid air. With some complex ceramic materials, one 

or more components may be reduced in the spraying process. For such materials it 

10 may be advantageous to use a shield gas including oxygen, e.g. liquid air or liquid 

oxygen, which may help to reoxidise the reduced component. On the other hand 

with other complex ceramics it may be advantageous to reduce the contact time 

with oxygen at high temperatures, under which conditions liquid nitrogen would 

be preferred, or a reducing gas may be included such as hydrogen. It is preferable 

15 to control the atmosphere in the vicinity of the substrate 19 during coating 

deposition to prevent the presence of excessive water vapour and in particular to 

prevent condensation of water on the substrate 19. This may be achieved by 

generally air conditioning the air around the substrate 19 to reduce its dew point. 

It is preferred if the deposition rate is selected in order to maintain the 

20 substrate swface temperatures mentioned above. Assuming the cylindrical 

substrate as shown in Fig. 1, the rotation speed of the substrate 19, the linear 

speed of the gun 12 and the rate of material exiting the gun 12 may be controlled 

to achieve the temperatures specified above. For instance, it has been found that 

when using cylindrical substrates made of stainless steel of 15 cm diameter and 

25 up to 40 cm long, a powder delivery of 5-10 g/min was suitable to produce 3 -10 

mm coatings when depositing a YBa2Cu30 7 layer. The rotational speed of the 

substrate 19 may be in the range 10 to 100 RPM with a surface speed in the range 

I to 40 m/min and the longitudinal feed of the gun 12 in the range 1-3 m/rnin, 

typically 2 m/min. The deposition rate per reciprocating pass of the gun 12 may 

30 be 10 to 50 micron thickness of the coating. About 10% to 15% of the deposited 
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coating had maintained the lattice structure of the powder and exhibited 

superconducting properties. It will be appreciated by the skilled person that 

increasing the deposition speed, deposition thickness per pass or the flame 

temperature or reducing the thermal conductivity of the substrate material will 

S increase the thermal load on the cooling system and adjustments of one or more of 

these parameters may be necessary to obtain satisfactory coatings. The thermal 

conductivity of the deposited material is preferably between 1 and 5 Wm"1K"1
• 

When deposited on a steel substrate the thennal conductivity preferably lies 

within the range 25 to 125 Wm"1K"1
• These values are particularly preferred for 

10 YBa2Cu307 coatings. Preferably, an adhesion promoter layer is applied onto the 

substrate before application of the coating of the metal oxide combination. The 

adhesion promoter may be a layer of Ni-Al or a layer of an In-alloy, for example. 

The deposited coating is preferably impact resistant, e.g. withstands impact of a 

0.036 kg steel ball from a height of 2 metres. Preferably, about 200/o or up to 30% 

15 of a noble metal is included in the oxide material to improve electrical and 

thermal properties of the deposited layer. The noble metal is preferably silver. 

The noble metal may in included as a salt or oxide, e.g. silver nitrate or silver 

oxide, in the material to be sprayed. Preferably, the electrical resistivity of the 

deposited layer is lower than 15 x 1 o--o Ohm.m, more preferably lower than IO x 

20 10--o and most preferably less than 5 x 10--o Ohm.m. Values below Ix 10--o Ohm.m 

can be achieved. Up to 30% of a noble metal such as silver may be added to lower 

the resistivity. These values are particularly preferred for YBa2Cu301 coatings. 

Fig. 2 is a schematic representation of a further embodiment of the flame 

spraying process and apparatus in accordance with the present invention. 

25 Components in Fig. 2 with the same reference numbers as in Fig. 1 refer to 

equivalent items. The substrate 19 in accordance with this embodiment is a foil or 

sheet of metal, plastic or other flexible material which is wound from a pay-off 

spool 32 to a take-up spool 36. Where the final coating 40 cannot be spooled, the 

foil with coating 14 may be drawn linearly from the pay-off spool 32 and cut into 

30 lengths. The coating 40, which may be a superconducting layer, is flame sprayed 
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with a flame spray gun 12 similar to the one described with respect to Fig. 1. In 

particular it is preferable to use a fuel with a lower calorific value than acetylene 

such as natural or town gas, butane or propane. Preferably, the temperature of the 

flame of the gun 12 imparts a temperature of 1500 °Corless, more preferably 

5 1200 °Corless to the material being sprayed through the flame. This material 

may be in the form of powder either of finished components of the coating 40, 

e.g. oxides, or precursors thereof, e.g. nitrates, or may be in the form of a sluny 

of powders, e.g. oxides, or a solution, e.g. of nitrates. Gun 12 may be controlled 

by hand or more preferably by a robot to provide zigzag motions across the width 

JO of foil 19 thus applying an even coating 40. Preferably a layer of 10 to 50 micron 

thickness is applied in each pass. 

The temperature of the coating 40 may be monitored by one or more 

optical sensors 13, 15. The temperature of the foil 19 is regulated by means of a 

cryogenic fluid supplied from a container 16 to a series of holes or jets 29 via 

15 conduit 17, a controllable valve 11 and a conduit 30. The valve 11 is controlled 

by a controller 14 to maintain the temperature of the foil as determined by the 

sensor 13, 15 to less than 400 °C, preferably less than 150 °C and most preferably 

between 50 and I 00 °C. Such low temperatures allow a wide range of materials 

for substrate 19 including polymeric materials, cellulosic materials as well as 

20 metals. Although only one controller 14 is shown the present invention includes 

several controllers each with its own controllable cryogenic cooling device 11, 29, 

30 for individually controlling the temperature of different parts of the foil 19 or 

coating 40. Optionally, an optical encoder 34 may be attached to a roller 35. The 

optical encoder may be read with an optical sensor 3 7, 3 8, the pulse frequency 

25 generated in the sensor 37, 38 being proportional to the linear speed of the foil 19. 

This value may also be used by the controller 14 to control the complete process 

to maintain the temperatures and coating thicknesses mentioned above. 

When producing superconducting coatings 40, it is preferred if there is no 

condensation of water onto the coating 40 nor onto the foil 19 so it is preferred if 

30 the atmosphere around the deposition equipment is air conditioned to reduce the 
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dew point to below ambient temperature. Preferably the coated substrates in 

accordance with this invention are preferably stored for long periods in a plastic 

bag filled with a dry inert gas such as dry nitrogen. One aspect of the present 

invention is the flame spraying of powders which already have superconducting 

5 properties in the powder form. Using the methods in accordance with the present 

invention it is possible to flame spray such coatings and retain 10% to 15% of 

superconducting property of the coating 40 produced without extensive post-heat 

treatments. 

The superconducting and/or ceramic powder and/or metallic powder to be 

IO used for flame spraying is preferably homogeneous, exhibits the appropriate 

rheological properties and correct stoichiometry to generate the required 

properties in the final coating. Typical preferred densities for superconducting 

powders may lie in the range 4 to 5 glcm3
• A non-limiting list of suitable materials 

which may be flame sprayed as powders, slurries or liquid solutions in 

15 accordance with the present invention are: superconducting materials such as 

R1Ba2Cu30y where R is Y, La, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, L~ or Bh. 

xPbxSr2Can.1CunOy, T'2Ba2Can.1Cun02n+3, HgBa2Can-1Cun02n+2+0; or Ba2C1n. 

102n+2, or CaBa2Cari-1Cun02n+a; or cuprate high temperature superconductors of 

the general fonnula AmE2Rn.1Cu00 2n+m+2 where A, E, Rare selected from various 

20 cations such as A= Bi, Tl, Hg, Pb, Cu or a lanthanide element, E = Ba or Sr and R 

Ca or rare earth element; or piezo-electric ceramics, for example, with the 

general formula M(ZrxTi1.x)03 where M = Pb, Ba or Sr; or refractory ceramic 

oxides, ninides, carbides or phosphates, e.g. Ah03, MgO, ZricOy; or metals and 

their alloys. 

25 In accordance with a further embodiment of the present invention a method 

is provided for production of suitable ceramic powders. By starting from aqueous 

solutions containing the salts of the metals in the correct proportions a reactive 

precursor powder can be obtained using commercially available spray drying 

equipment in batches of kilograms. The type of salt (mostly nitrates) should 

30 preferably be compatible with themial decomposition to oxides in further 

Page 709 of 1053



WO 99/61674 PCT/EP99/03599 

16 
processes such as sintering or flame spraying. In accordance with the present 

invention _spray dried nitrate powders may be flame sprayed directly or the 

powders may first be sintered and then flame sprayed. 

A spray drying system 50 in accordance with an embodiment of the present 

5 invention for the delivery of powder suitable for subsequent flame spraying is 

shown schematically in Fig. 3. The input liquid is drawn from a suitable source 53 

via a peristaltic pump 54 to a spray head 71. Pressurised air 51 is drawn in 

through an air dryer and optional pre-heater 52 to the spray head 71 by a suction 

device such as a fan 63 at the end of the generally closed system. The liquid from 

IO source 53 enters the spray head 71 which is cooled by any suitable means 55 to 

prevent clogging due to early evaporation of the liquid. The liquid is atomised in a 

co-current two fluid nozzle 71 by the dry pressurised air 51 and discharged it into 

a chamber 56 where it dries to a powder. The liquid from source 53 may be a 

solution of suitable nitrates or a slurry of the relevant oxides with the addition of 

15 other agents such as binders. 

Air 65 is drawn in by fan 63 over a heater 64 and introduced into chamber 

56 via a ring orifice 72 which surrounds the outlet of the spray head 71. The air 

65 also heats the spray head 71. The circumferential air flow 65 guides the 

evaporating liquid in chamber 56 and helps to prevent the powder sticking to the 

20 walls of the chamber 56. The air throughput of fan 63 is chosen so that powder of 

the correct grain size is swept from chamber 36 through an optional heater section 

58 into a powder collector 59. Heavier particles settle out in trap 57 and are 

removed from the bottom of chamber 56. 

The powder collector 59 may be any suitable device such as a cyclone, a 

25 bag filter or an electrostatic filter although a cyclone is preferred. The cyclone 

discharges the powder into a removable container 60 sealed to the bottom of the 

cyclone 59. Spent air is removed via the trap 61 and scrubbed in scrubber 12 to 

remove impurities. The final clean air is exhausted to atmosphere by the fan 63 

which controls air flow through the system. 

30 The control system 66 - 70 for the process functions as follows. The 
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rotational speed of the centrifugal air pump 53, the temperature of the heating 

element 64 and the flow of the atomised air are set with controller 67, 70. Air 

flow is measured by gauge 68. The temperature of the hot air 65 and the air in the 

tube leading from the chamber 56 to the optional heater 58 is monitored using 

5 thermocouples 66, whereas final powder temperature is monitored by temperature 

sensor 69. 

After spray drying, the powder may be sintered in a single step. For 

example,.to produce a superconducting powder of the general formula 

YBa2Cu301 with optional Ag, the required nitrates are dissolved in water in the 

10 correct stoichiometric proportions and spray dried as indicated above. The nitrates 

are then reduced to oxides by sintering at 920 - 960 °C for 40 to 60 hours. 

Optionally the nitrates may first be reduced by heating in air at 780 °C for 10 

hours before sintering at the above temperatures and times. The YBa2Cu301 

powder produced by this procedure is superconducting. On aspect of the present 

15 invention is to produce powders with superconducting properties by spray drying 

and optional sintering and then to flame spray these superconductive powders at 

the lowest flame temperatures necessary to obtain melting of the powder and 

coating fonnation on the substrate while cooling the coating in the fastest possible 

way. By this procedure the crystal structure present in the superconducting 

20 powder is disturbed as little as possible by the flame spraying process. Of course, 

melting the powder during flame spraying causes complete loss of crystal 

organisation if the time in the melt is long. By lowering the flame temperature and 

shortening the time in the melt phase by cooling the coating very rapidly in 

accordance with the present invr.ntion, some local crystal organisation is kept in 

25 the final flame sprayed coating, e.g. about I 0% of the final coating is in the 

superconducting phase, thus providing a coating on the substrate with an optimum 

starting condition for further heat processing to develop full superconducting 

properties. The addition of the metallic silver enhances the thermal and 

mechanical properties in later flame spraying and magnetron sputtering. 

30 Alternatively, the powder for flame spraying may be spray dried from 
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slurries of the relevant oxides in the correct stoichiometric proportions with the 

optional addition of silver in the above apparatus in accordance with the present 

invention. For instance, in the manufacture of a ceramic material the mixture of 

oxides may be produced by individually sieving them to 40 micron and then 

5 mixing in the correct proportions to obtain the stoichiometric proportions in the 

final coating. A quantity of deionised water is added of about 60% by weight of 

the powder as well as a quantity of an organic binder such as PV A (polyvinyl 

acetate) equal to about 2% by weight of the powder and then mixed into a sluny. 

The slurry is then spray dried as described above resulting in powder with a grain 

1 O size from 30 to 50 micron. Generally, spray dried oxide slwries do not require 

sintering before flame spraying. The organic binder may be burnt out during 

flame spraying or in a special sintering step. 

Spray drying of I 0% by weight nitrate solutions generally produce grain 

sizes of 3 micron on average with at least 900/o of the grains between 0.5 and 5 

15 microns. In order to obtain the required grain size it is preferable to sinter as 

mentioned above. Light grinding and sieving of this sintered powder may produce 

a mass fraction of more than 80% with grain sizes between 40 and 80 micron. By 

the variation of appropriate concentrations of the solution of the aqueous media 

53, and/or the addition of binders and/or the spray drying of slwries rather than 

20 solutions, allows control of the grain size in the final powder to between 2 and 

I 00 microns. For example, the present invention includes the addition of organic 

binders such as polyvinyl acetate (PV A) to the liquid to be spray dried to control 

!,'fain size in the final powder. Such binders may be burnt out in a later high 

temperature process such as sintering. An average grain size of 40 to 80 microns 

25 is preferred for good flame spray deposition. The final powder may be lightly 

milled and sieved to be improve the homogeneity of grain sizes. 

One aspect of the present invention is the inclusion of silver metal in the 

final superconducting ceramic coating. This is achieved as mentioned above by 

inclusion of about 20% to 30% by weight of the ceramic materials of silver nitrate 

30 when nitrate solutions are spray dried and the flame sprayed or by addition of 

Page 712 of 1053



W099/61674 PCT/EP99/03599 

19 
Ag20 powder in an oxide sluny which is then spray dried and flame sprayed. The 

addition of silver in the flame sprayed material is beneficial for the inter-grain 

adhesion and heat dispersal during flame spraying thus yielding a strong and 

dense coating. The silver improves the thennal and electrical conductivity of the 

5 flame sprayed coating which is beneficial to the sputtering process when the 

substrate is used as a sputtering target. The improved conductivities allow higher 

power throughput for the magnetron than targets not containing silver. 

The flame spraying process in accordance with the present invention 

allows the reconditioning of targets for sputtering magnetrons. It is well known 

IO that the presence of a static race-track plasma on a magnetron target during 

sputtering results in an erosion groove and poor target utilisation. Using the flame 

spraying process of the present invention such a worn target may be reconditioned 

by spraying the appropriate target material into the erosion groove and building 

up the target to its fonner thickness in these regions. By providing the intensive 

15 cryogenic cooling described above, the general target temperature may be kept 

below 400 °C, preferably below 150°C and most preferably between room 

temperature (-25°C) and 100°C. These low temperatures result in little damage to 

the existing target material while still providing a mechanically strong coating in 

the old erosion grooves. Such as process is particularly economic when the target 

20 material is expensive such as superconducting materials. The flame spraying gun 

12 described above may be hand held and the contour of the erosion groove in the 

used target followed building up the lost material slowly, preferably 10 to 50 

micron per pass. Preferably the gun 12 is controlled by a robot which is 

programmed to execute the correct motions with the gun 12 to fill up the erosion 

25 groove in the target. 

While the invention has been shown and described with reference to 

preferred embodiments, it will be understood by those skilled in the art that 

various changes or modifications in form and detail may be made without 

departing from the scope and spirit of this invention as def med in the attached 

30 claims. 
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1. A composite comprising: a substrate and a coating deposited on said substrate, 

the coating being deposited by spraying, the thickness of the coating being at least 5 

mm, more preferably greater than 8mm, the coating comprising metal ox.ides. 

2. The composite according to claim I, wherein the coating comprises a 

superconductor precursor and at least 10% of the coating is in a superconductive 

phase 

10 3. The composite according to claim 1 or 2, wherein the composite is a target for a 

sputtering magnetron. 

4. The composite according to claim 3, wherein the target is cylindrical. 

15 5. The target for a sputtering magnetron comprising: a cylindrical substrate and a 

coating deposited on said substrate, the coating being deposited by spraying, the 

thickness of the coating being at least 3mm, more preferably at least 5 mm, most 

preferably greater than 8mm, the coating comprising a superconductor precursor and 

at least I 0% of the coating is in a superconductive phase. 

20 

6. The target or a composite in accordance with any previous claim, wherein the 

coating has a thennal conductivity of between 1 and 5 Wm'1K 1
• 

7. The target or a composite in accordance with any previous claim, wherein the 

25 thennal conductivity of the composite or the target through the substrate and the 

coating is in the range 25 to 125 wm·1 K'1• 

8. The target or a composite in accordance with any previous claim, wherein the 

coating has an electrical resistivity of lower than 15 x 10-6 Ohm.m, more preferably 

3o lower than 1 O x I o-c, and most preferably less than 5 x 1 o-6 Ohm.m. 
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9. The target or a composite in accordance with any previous claim, wherein the 

coating can withstand impact of a 0.036 kg steel ball from a height of 1 metre, 

preferably from 1.5 metre. 

10. The target or a composite in accordance with any previous claim, wherein the 

spraying is one of plasma spraying and flame spraying. 

11. A method of depositing by spraying a superconductor precursor layer onto a 

JO cylindrical target for a sputtering magnetron, the layer having a thickness of at least 

3 mm, and at least I 0% of the layer being in a superconducrive phase. 

15 

12. A method of depositing by spraying a layer onto a substrate, the layer having a 

thickness of at least 5 mm, and the coating comprising metal oxides. 

13. The method according to claim 11 or 12, wherein the spraying step is one of 

flame spraying and low-pressure or atmospheric pressure plasma spraying. 

14. The method according to claim 13, wherein the spraying step includes spraying 

20 a material through a spraying head, the material being in the fonn of a powder, a 

sluny or a solution. 

15. A method of reconditioning a used target for a sputtering magnetron having an 

erosion groove in the target material, comprising the step of: flame or atmospheric 

25 pressure plasma spraying target material into the erosion groove. 

16. A reconditioned target for a sputtering magnetron, comprising: 

an erosion groove in the target material; and target material flame sprayed or 

atmospheric plasma sprayed into said groove to restore the thickness of the target 

30 material to that of the unused material. 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. C 1 aims: 1-8, I 0-14 

Claims for a composite comprising an oxide-containing 
coating deposited by spraying and having a certain minimum 
thickness, a sputter target having a layer of a 
superconductor precursor, also deposited by spraying and 
having a minimum thickness, and methods for producing each 
of these products, respectively. 

2. Claims: 15,16 

Reconditioned sputter target and method for its manufacture 
by flame or plasma spraying material into the sputtered 
erosion groove. 

The only common concept linking subjects 1 and 2 is the 
application of spraying for depositing layers of material. 
Since this feature is known from many prior art documents 
{see for example search report) there is effectively no 
common concept to connect the two groups of claims. 
Furthermore, while subject 1 addresses the problem of 
producing relatively thick deposits of oxides by means of 
spraying, subject 2 solves the unrelated problem of spraying 
an unspecified material to repair local damage on a target. 

Therefore there is a lack of unity between the two subjects. 

Nevertheless, since the EPO has already searched the 
subject-matter of claims 15 and 16 in connection with the 
pr1or1ty application EP98870120, an International search 
report is issued for both subjects. 
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International Application No. PCT.£:P 99 .03599 

Claim 9 relates to a product defined (inter alia) by reference to the 
following parameter: 
the result of a test involving impact of a ball consisting of an 
unspecified steel, wherein both the weight of the ball and the height 
from which it is dropped are arbitrarily chosen. 
The use of this parameter in the present context is considered to lead to 
a lack of clarity within the meaning of Article 6 PCT. It 1s impossible 
to compare the parameter the applicant has chosen to employ with what is 
set out in the prior art. The lack of clarity is such as to render a 
meaningful complete search impossible. Consequently, the search has been 
restricted to the remaining claims 

The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an international preliminary 
examination (Rule 66.l(e) PCT). The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. 
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[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-fihn solid-state batteries and, in 

particular, the deposition of LiCoOi films and layers for battery manufacture. 

2. Discussion of Relat.ed 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 cumm.t collectors, a cathode, an anode, and an electrolyte. The thin films 

can be deposited utilizing a number of deposition processes, including sputtering and 

electroplating. Substrates suitable for this application have conventionally been high 

temperature materials capable of withstanding at least one high temperature anneal process to 

at least 700 °C for up to about 2 hours in air so as to crystallize the LiCo()J film. Such a 

substrate can be any suitable material with appropriate s1ructaral and material properties, for 

example a semiconductor wafer, metallic sheet (e.g., titanium or zirconium), ceramic such as 

alumina, or other material capable of withstanding subsequent high temperature processing in 
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the presence of the LiCo~, 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 pro~ to form the 

crystalline material. In LiCo~, 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 incompatiole 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 crystallization of amorphous LiCoO;i on precious metals can 

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

conventional fomace anneal at 700°C for 20 minutes of an amorphous layer of LiCo~ on a 

precious metal achieves crystallization of the LiCoO:z material, as shown by x-ray diffraction 

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

LiCoO:z, cathode film for an all-solid-state thin film microbattery," J. Vac. Sci. Techn. A 

22(4), JuV Aug 2004. In Kim et al., the LiCo~ film was deposited on a platinmn film that 

was deposited on a high-temperature MgO/Si substrate. In Kim et al, it was shown that such 

2 
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a crystalline film is capable of constituting the Li+ ion containing cathode layer of a 

functional all solid-state Li+ ion battery. However, it is of oontinuing intere.,t for the 

manufacture of solid state Li+ ion batteries to further reduce the thermal budget of the post 

deposition anneal, both in time and in temperature, so as to enable the manufacture of such 

batteries without the need for expensive precious metal nucleation, barrier layers, or 

expensive high-temperature substrates. 

[006] There are many references that disclose an ion beam assisted process that can 

provide a LiCoO:z 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 09/81S,919 (Publication No. US 2002/0001746). These references 

____ .disclose_the_use_of a Se,cQnd, front sid~tion b_eam_qr o.t.®rjon~ource si.if!>"J>y-sjdc, ~th 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 te:m.perature data of the film dming deposition to support an assertion oflow 

temperature processing. 

[007] It is very difficult to form a unifonn deposition either by sputtering a 

material layer or by bombardment with an ion flux. Utilization of two uni.form 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 unifonnity is 

standard in thin film manu6icturing. About 86% of the films with this uniformity will be 

found acceptable for battery production. 

3 
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[008] It is even more difficult to scale a substrate to manufacturing scale, such as 

200 mm or 300 mm. Indeed, in the references discussed above that utilize both a sputtering , 

deposition and an ion beam deposition, only small area targets and small area substrates are 

disclosed. These references disclose a single feasi'bilityresull No method for achieving a 

uniform distnoution from two separate front side sources has been disclosed in these 

references. 

[009] Further, conventional materials and production processes can limit the 

energy density capacity of the batteries produced, causing a need for more batteries 

occupying more volume. It is specifically desirable to produce batteries that have large 

amounts of stored energy per unit volume in order to provide batteries of low weight and low 

volume. 

- [010] Therefore, there is a need for a low temperature process for depositing 

crystalline material, for example LiCo~ material, onto a substrate. 

SUMMARY 
[011] In accordance with the present invention, deposition ofLl.Co<)i layers in a 

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

low-temperature, high deposition rate deposition of a crystalline layer of LiCo<)i with a 

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

rate deposition of LiCoQi 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 

eHrninate the high temperature (>700 °C) anneal step that is conventionally needed to 

crystallize the LiCo°-2 layer. 

[012] A method of depositing a LiCoO:i 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 

4 
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formed of LiCo0:2 positioned opposite the substrate. In some embodiments, a LiCo(h layer 

is fonned on the substrate. Further, in some embodiments the LiCo(h layer is a crystalline 

layer of orientation <101>. 

[013] In some embodiments, a stacked battery structure can be fonned. The 

stacked battery structme includes one or more battery stacks deposited on a thin substrate, 

wherein each battery stack includes: a con.ducting layer, a crystalline LiCo(h layer deposited 

over the conducting layer, a LiPON layer deposited over the LiCo0:2 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 produclng 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 LiCoOi 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 LiCoOi layer in a fourth chamber; and depositing a 

second conducting layer over the LiPON layer in a fifth chamber of the cluster tool. 

[015] A fixture for holding a thin substrate can include a top portion and a bottom 

portion, wherein the thin substrate is held when the top portion is attached to the bottom 

portion. 

[016] These and other embodiments of the invention are further discussed below 

with reference to the following figures. It is to be understood that both the foregoing general 

description and the following detailed description are exemplary and explanatory only and 

are not restrictive of the invention, as claimed. Further, specific explanations or theories 

regard.in~ the deposition or performance of certain layers during deposition processes or in 

the perfoID18Dce of devices incmporating those layers are presented for explanation only and 

5 
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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 THE DRAWINGS 

[017] Figures IA and lB illustrate a pulsed-DC biased reactive deposition 

apparatus that can be utifu:ed in the methods of depositing according to the present invention. 

[018] Figure 2 shows an example of a target that can be ntjljz:ed in the reactor 

ill.us1rated in Figures IA and lB. 

[019] Figure 3 illustrates a thin-film battery design according to some 

embodiments of the present invention. 

[020] Figures 4A and 4B show an x-ray diffraction analysis of and an SEM 

photograph of a LiCoOi film deposited acoording to embodiments of the present invention. 
-------- - . -- -- - -

[021] Figures SA through SF show SEM photographs ofLiCoOi 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 LiCoOi 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~ 7B, 7C, and 7D illustrate a thin substrate mount and mask 

arrangement that can be utiJized in the deposition of LiCoOi layers deposited according to 

some embodiments of the present invention. 

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

LiCoOi layers deposited according to some embodiments of the present invention. 

6 
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[027] Figures 9A and 9B illustrate examples of stacked batter structures wi1h 

LiCoO,i layers deposited according to some embodiments of the present invention. 

[028] Figures 1 OA through 1 OD illustrate deposition and anneal steps for LiCoO:i 

deposited over an iridium layer on a silicon wafer. 

[029] Figures 1 lA 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 

LiCoO:i layers deposited according to the present invention. 

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

---- LiCoO:i film deposited according to embodiments of the present invention. 

[033] Figures 15A and l5B illustrate the effects of ramp-time in a rapid thermal 

anneal of LiCoO:i films deposited according to the present invention. 

[034] Figure 16 il1ustrata, thickness uniformity of a LiCo02 film deposited 

according to some embodiments of 1he present invention. 

(035] Figure 17 illustrates battery charge and discharge profiles of a battery formed 

utilizing a LiCoO:i film according to some embodiments of the present invention. 

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

functions. 

DETAil..ED DESCRIPTION 

(037] In accordance with embodiments of the present invention, LiCoOJ films are 

deposited on a substrate by a pulsed-de physical vapor deposition (PVD) process. In contrast 

to, for example, Kim et al., LiCoOi :films according to some embocliments of the present 

7 
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invention provide a crystalline LiC.OOz 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 bamer underlying film. The as-deposited crystalline LiCo0:2 films can be 

easily ripened to very high crystalline condition by anneal at about 700 °C for as little as 5 

minutes without the use of an underlying precious metal film. In addition, the as deposited 

crystalline films, when positioned on a noble metal film can be annealed at much ftnther 

reduced temperatures, for example as low as 400 to SOO °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 500mm for production achieving a LiCoOi uniformity of 3% one

sigma measun,d at 25 points at a deposition rate of 1.2 microns thickness an hour over an 

- area of 2000 am.2, without the need for secondary front side ion source or ion asslStance. 

(039] In one example process, a LiC.OOi film was deposited utilizing a conductive 

ceramic Lieo(h target as descn'bed herein, with pulsed-<lc power of 4 kW, no bias, with 60 

seem Ar and 20 seem 0:2 gas flows. A 3000 Angsirom layer of crystalline Lieo<h was 

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

thickness uniformity was located at about 25 locations spaced uniformly across the substrate 

using a felt 1Ilillker pen to lift off a portion of the film in each location. High precision white

light intetfetometry was utilized to measure the film thickness in each location by measming 

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

demonstrated a 3% one-sigma uniformity in the film thickness over 400 X SOO mm substrate 

area. As shown in Figure 16, a fihn was deposited with average thickness of about 2.96 µm 

with a maximum of3.09 µm and aminimumof2.70 µm and standard deviationof0.093. 

Thickness data was taken at points spaced 0.65 mm apart on the surface of the film. 'The film 

thickness therefore showed 3% one-sigma unifurmity over the shown surface area. 

8 
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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. TI.,-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 manufa.ctare, thereby providing high-volume, low-cost 

batteries. 

[042] Further, conventional deposition processes without ion somces are capable 

of depositing amorphous LiCoO:l layers, but do not deposit crystalline LiCoOi layers. 

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

LlCoO:z layer with substantial crystallinity readily measured by x-ray diffraction techniques. 

In some embodiments, the crystallinity of the as-deposited LlCoO:z layers is sufficient to be 

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

crystallinity of the as-deposited UCoO:z layers are improved by thermal processes with low 

thermal budgets, which can be compatible with films deposited on low-temperature 

substrates. 

[043] Further, as-deposited the stoichiometry of some LiCoO:z layers deposited 

according to some embodiments of the present invention shows that this layer is sufficient for 

utilization m a battery. With the demonstrated ability to deposit a LiCoO:z film with 

crystallinity and with sufficient stoichiometry, a battery utilizing es-deposited LiCoOi films 
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can be produced. Heat treating the LiCoO:i layers may improve the crystallinity and lower 

the impedance. 

[044] In some embodiments, a crystalline layer of LiCoOi with a <101> or a 

<003> crystalline orientation is deposited directly on the substrate. Deposition of crystalline 

material can eliminate or lessen the need of a subsequent high temperature anneal or 

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

anneal allows for formation ofbattery structures on light-weight and low temperature 

substrates such as stainless steel foil, copper foil, aluminum foil, and plastic sheet, reducing 

both the weight and the cost of batteries while retaining the energy density storage 

capabilities of Li-based batteries. In some embodiments, a crystalline LiCo~ layer can be 

deposited on a precious metal layer, such as platimnn or iridium, resulting in a further 

significant lowering of the ripening thermal budget required to improve crystallinity. 

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

descnbed in U.S. Patent Application Serial No. 10/101863, entitled ''Biased Pulse DC 

Reactive:Sputtering of Oxide Films," t.o Hongmei Zhang, et al., filed on Maroh 16, 2000. 

Preparation of targets is descnbed in U.S. Patent Application Serial No. 10/101,341, entitled 

"R.are-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 Seri.al 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 descnbed 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 10 may, for example, be adapted from an AK.T-1600 PVD ( 400 X 500 mm 

substrate size) syst.ern from Applied.Komatsu or anAK.T-4300 (600 X 720mmsubstrate 

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 power is supplied to the target and RF power is 

supplied to the substrate dming deposition of a material film. Apparatus 10 can also be a 

Phoenix Gen m PVD cluster tool made by Symmorphix, which is specifically demgned for 

pulsed-de processes such as is described herein. 

[047] Apparatus 10 includes target 12 which is electrically coupled through a filter 

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

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

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

applied to it from the pulsed DC power supply 14 and is equivalently termed a cathode. 

Application of power to target 12 creates a plasma 53. Substrate 16 is capacitively coupled to 

an electrode 17 through an insulator 54. Electrode 17 can be coupled to an RF power supply 

18. A magnet 20 is scanned across the top of target 12. 

(048] For pulsed reactive de magnetron sputtering, as performed by apparatus 10, 

the polarity of the power supplied to target 12 by power supply 14 oscillates between 

negative and positive potentials. During the positive period, the insulating layer on the 

surface of target 12 is discharged and arcing is prevented. To obtain arc free deposition, the 

pulsing frequency exceeds a critical frequency that can depend on target material, cathode 

current and reverse time. High quality oxide films can be made using reactive pulse DC 

magnetron sputtering as shown in apparatus 10. 
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[049] Pulsed DC power supply 14 can be any pulsed DC power supply, for 

example an AE Pinnacle plus 1 OK 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 O and 350 kHz. The 

reverse voltage can be 10% of the negative target voltage. Utilmltion of other power supplies 

can lead to different power characteristics, frequency characteristics, and reverse voltage 

percentages. The reve.rse time on this embodiment of power supply 14 can be adjusted 

between O end 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 Springs, Co. 

[OSI] In some embodiments, filter 15 can be a2 MHz sinusoidal band rejection 

filter. In some embodiments, the band width of the filter can be approximately 100 kHz. 

Filter 15, therefore, prevents the 2 MHz power :from the bias to substrate 16 from damaging 

power supply 14 and allow passage of the pulsec;l-dc power and frequency. 

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

structures. Columnar structures can be detrimental to thin film applications such as barrier 

films and dielectric films, where high density is import.ant, due to the bomdaries 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 cm:rent, ionic current, gas, or other 

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

containing crystallinity as derived from processes accorc:ling to the pxaent invention is 

beneficial for battery performance because it allows better Li transport through the 

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

the chamber of apparatus 10 can be held at between about . 7 and 6 milliTorr. Magnet 20 

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

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

some embodiments utilizing the Phoenix reactor, magnet 20 can be a race-Crack shaped 

magnet with dimensions about 1 SO mm by 800 mm. 

[054] Figure 2 illustrates an example of target 12. A film deposited on a substrate 

positioned on canier 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 unifoun 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 unifomrity 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 SC8Doiug is necessary in only one direction, 

for example the X direction, to provide a time averaged uniform magnetic field. As shown in 

Figures lA and lB, magnet 20 can be scanned over the entire extent of target 12, which is 

larger than region 52 of uniform sputter erosion. Magnet 20 is moved in a plane parallel to 

the plane of target 12. 
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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 tem.peratme of the plasma at the 

target surface, and the equili'bration of the target surface with the gas phase ambient of the 

process are uniform over a region which is greater than or equal to the region to be coated 

with a uniform film thickness. In addition, the region of uniform film thickness is greater 

than or equal to the region of the film which is to have highly uniform electrical, mechanical, 

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

absorptivity. 

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

stoichiometry for LiCo0:2 deposition. Typical ceramic target materials include oxides of Li 

and Co as well as metallic Li and Co additions and dopants such as Ni, Si, Nb, or other 

suitable metal oxide additions. In the present disclosure, target 12 can be formed from 

LiCoO:i-for deposition of LiCoOi 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 a:aay of smaller tiles. Target 12, therefore, 

may include any number of tiles, for example between 2 and 60 individual tiles. Tiles can be 

finished to a size so as to provide a margin of edge-wise non-contact, tile to tile, less than 

about 0.010" to about 0.020" or less than half a millimeter so as to eJirninate 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 18, a wrlform 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 uniformity in the film 

deposited on substrate 16. In practice, planarity of target 12 can mean that all portions of the 

target surface in region 52 are within a few millimeters of a planar surface. and can be 

typically within 0.5 mm of a planar surface. 

[060] Figure 3 shows a battery structure with a LiCoO:z layer deposited according 

----- to some embodiments of the present invention. AB 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 Li~ layer 303. Also 

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

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

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

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

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

the high temperature crysta1Jizing 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:i 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] As further shown in Figure 3, a LlPON layer 304 (LixPOyNz,) is deposited 

over LiCo~ layer 303. LiPON layer 304 is the electrolyte for battery 300 while LiCo~ 

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 lithimn metal. Other materials such as, for example, nickel can also 

be utilized. A cmrent collector 306, which is a conducting material, is then deposited over at 

least a portion of anode 305. 

[064] A Li based thin film battery operates by transport of Li ions in the direction 

from current collector 306 to current collector 302 in order to hold the voltage between 

cumm.t collector 306 and current collector 302 at a constant voltage. The ability for battery 

structare 300 t.o supply steady current, then, depends on the ability of Li ions to diffuse 

through UPON layer 304 and LiCo~ layer 303. Li transport through bulk cathode LiCo~ 

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

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

grains with their planes parallel to substrate 302 will block the flow of Li ions while grains 

oriented with planes perpendicular to substrate 301 (i.e., oriented parallel to the direction of 

Li ion flow) facilitate the Li diffusion. Therefore, in order to provide a bigh-cmrent battery 
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structure, LiCoO:i layer 303 should include crystals oriented in the <l 01> direction or <003> 

direction. 

[065] In accordance with the present invention, LiCo~ films can be deposited on 

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

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

Phoenix system, and an Advanced Energy Pinnacle plus 1 OK pulsed DC power supply can be 

utiJized to provide power to a target. The pulsing frequency of the power supply can vary 

from about Oto about 350 KHz. The power output of the power supply is between O and 

about 10 kW. A target of densified LiCo~ tiles having a resistivity in the range of about 3 to 

about 10 kn can be utilized with de-sputtering. 

[066] In some embodiment.s, Li.Co~ 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 O to about 50% with a total gas flow of about 80 seem. The pulsing 

frequency ranges from about 200 kHz to about 300 kHz during deposition. RF bias can also 

be applioo to the substrate. In many trials, the deposition rates vary from about 2 

Angstrom/(kW sec) to about 1 Angstrom/{kW sec) depending on the Oi/Ar ratio as well as 

substrate bias. 

[067] Table I illustrates some example depositions of LiCo(h 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 

textwed grain sizes as large as about 150 nm. The dominant crystal orientation appears to be 

sensitive to the o,; Ar ratio. For certain Oil A:t ratios (-10%), as-deposited films exhibit a 

pref med 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 15 in Table I. Such a LiCo(h film 

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

AI and 20 seem. of Qi for a substrate with an initial temperature of about 300C. As shown in 

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

orientation ofLiCoO: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 LlCo(h crystals according to the present invention. In each of the examples, 

deposition of the LiCoOi film was performed on a Si wafer with target power of about 2 kW 

and :frequency of about 250 kHz. The LiCoOi film shown in Figure SA co~onds 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 O 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 LiCoQi was achieved. 

[070) The rate of deposition of the LiCoOi layer shown in Figure SA is vecy high, 

likely due to the relatively high conductivity or low resistivity of the ceramic LiCoei 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 

manufacture of the 3 micron or tbicker LiCoOi. layer required for the battery at high rate over 

a wide area in short times, resulting in very high productivity and very low cost. Target 

resistance on the order of about 500 kO 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 kCl over about 4 cm of surface will result in high 

sputter efficiency and high rate of deposition. Further, because deposition rates typically 

scale nearly linearly with target power, a deposition at 6 kW will yield a deposition rate of 

approximately 3 µm/hr, which is a very desirable rate of deposition for manufacturability of 

Li-based thin-film solid-state batteries on a surface area of 400 X 500 mm.2. 

[071] The LiCo(h layer shown in Figure 5B is deposited under 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 reduc.ed to about 0.85 µm/hr. Further, although a <101> crystallinity 

can be discerned, that <101> crystallinity is not as pronounced as that exhibited :in the 

--·-----· deposition of the film shown in Figure SA. 

[072] The LiCoOi film shown in Figure SC was deposited according to Example 3 

in Table L In this depositio~ 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 µm/hr. Therefore, the application of bias in comparison with the LiCoOi 

film shown in Figure 5B further reduced the deposition rate (from 0.85 µm/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 LiCo(h film shown in Figure SD corresponds to Example 4 in Table I. 

In this depositio~ the Ar/Oz ratio was :increased. As is shown :in Figure SD, :increasing the 

A:r/0,. ratio improves crystallinity. With respect to the example illustrated in Figme 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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LiCoOz deposition rate was improved to 0. 79 µm/hr from a rate of 0.67 µm/hr illustrated in 

Figure SC. 

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

5 in Table 1 The substrate temperature was set at about 200°C while the bias power 

remained at about 100 W. The argon flow rate was set at about 76 seem and the oxygen flow 

rate was set at about 4 seem. The resulting deposition rate for the LiCo(h layer was about 

0.74 µm/hr. 

[075] In the example deposition illustrated in Figure SF, which corresponds with 

Example 6 of Table I, the argon fl.ow rate was set at about 74 seem and the oxygen fl.ow rate 

was set at about 6 seem, resulting in a LiCoOi 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 5G illustrates XR.D data conesponding to Figures 5F, 5D, 5C, ~ and 

SB, respectively. As illustrated in Figure SG, as-deposited crystalline LiCoOi is deposited in 

these processes. 

[077] The data show clearly that an as-deposited crystalline film of LiCoC}z can be 

obtained un~ several of the proce.,s conditions, as shown in Table II. In particular, very 

high rates of deposition with low power are obtained along with the oriented crystalline 

structure for the process conditions according to embodiments of the present invention. 

[078] Figure 6A illustrates a layer of LiCo(h 602 deposited on a thin substrate 601 

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

be achieved utilizing crystalline LiCoOi cathode fiJms 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., alumimmi, 
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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 LiCo0:2 layer 602. 

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

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

holding a thin film substrate. As shown in Figure 7 A. 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 tbat substrate 601 is 

more easily stretched by avoiding ''wrap-around" comer clamping effects when top portion 

701 is closed into bottom portion 702. 

[080] As shown in Figure 7C, a mask 712 can be attached to fixture 700. In some 

embodiments, fixture 700 includes guides in order to align fixture 700 with respect to mask: 

712. In some embodiments, mask 712 may be attached to fixture 700 and travel with fixture 

700. Mask 712 can be positioned at any desired height above substrate 601 in fixture 700. 

Therefore, mask 712 can function as either a contact or proximity mask. In some 

embodiments, mask 712 is formed of another thin substrate mounte.d in a fixtme 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 lB. Fixture 700 and 
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mask 712 can have features that allow for ready alignment with respect to each other and 

with respect to mount 710. In some embodiments, mask 712 is resident in the processing 

chamber and aligned with :fi.xtore 700 during positioning of fixture 700 on molDlt 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 Jl1ll 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 LiCoO:z 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 look 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~ 1A and lB and within wbich a UCoO:z film deposited according to 

em.bodiments 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 LiCo(h deposition performed in chamber 805. The substrate is then removed through 

load lock 803 for an in-air heat trea1ment 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 LiCoOi layer acconling 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 LiCoOi 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 stmctw-es. Figures 9A and 9B illustrate such battery structures. 

[088] Figure 9A illustrates a parallel coupled stacking. As shown in Figure 9A, a 

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

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. 

LiCo(h layer 602 can be about 3-10 µm and can be deposited in chamber 805 according to 

embodiments of the present invention. The wafer can then be moved to chamber 806 where a 

LiPON layer 901 of thickness of about .5 to about 2 µm can be deposited. In chamber 807, 

an anode layer 902, for example a lithimn 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 current collection conducting layer 903, another 

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

Another LiCo02 layer 602 is formed over LiPON layer 901 and finally another metal layer 

603 is formed over LiCo02 layer 602. In some embodiments, fm1:her 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 of layers. 

[089] As discussed above, any number of individual battery stacb can be formed 

such that parallel battery formations are formed. Such a parallel arrangment of battery 

stacking structure can be indicated as CuIJ:ent collector/LiCo02/LiPON/ Anode/current 

collector/ Anode/LiPON/LiCo02/cmrent collector/LiCo02 ••. /current collector. Figure 9B 

illustrates an alternative stacking corresponding to the battery structure cmrent 

collector/LiCo02/LiPON/anode/cummt collector/LiCo02/LiPON/anode/cu:rrent 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. 

24 

Page 749 of 1053



-----

( 
WO 2006/063308 P<:T/US2005/044781 

[091] In some embodiments, stoichiometric LiCoOa 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 LiCoOa 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 of300 kHz, with 60 seem Ar flow and 20 seem of Oi flow, with no ~heat for 

7200 sec. As a result, a layer ofLiCoOa of about 1.51 µm was deposited. 

[092] Figures 1 OA through 1 OD show XRD analysis of both as-deposited and 

annealed layers of LiCoO.Z deposited as discussed above. The XRD analysis of the as

deposited. layer demonstrates a shallow peak at 28 = 18.85° denoting a <003> orientation of 

crystalline LiCo(h, a sharper peak at about 28 = 38.07° corresponding with the desired 

<101> crystallographic direction, and a peak at 28 = 40.57° corresponding to the <111> 

direction of iridium. However, the position of the <101> LiCo(h peak indicates that the 

<101> LiCo(h peak is nonstoicbiometric LieoQz. In order to be useful as a battery layer, 

stoichiometric LiCoOi provides for the best Li transport. One of ordinary skill in the art will 

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

desired orientation. 

[093] Figure 10B shows an XRD analysis of the sample shown in figure lOA ~ 

a 300°C anneal in air for 2 homs. As shown in Figme 1 OB, the XRD peak corresponding to 

<003> LiCo(h grows, indicating crystalli7.ation of LiCoO.Z into the <003> direction. Further, 

the <lOl>peak ofLiCoOi shifts slightly to 28 = 38.53°, indicating a more stoichiometric 

crystallization of the <101> LiCo()z. However, the crystalline LiCoOi 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 LiCoO.Z 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. 

25 

Page 750 of 1053



( ( 

WO 2006/063308 PCT/US2005/044781 

[094] Figure lOC illustrates an XRD analysis from the sample after a subsequent 

500°C anneal in air for 2 hours. As shown in Figure lOC, more of the LiCo(h. crystalizes 

into the <003> layer. Further, the <101> LiCoOi peak shifts again to 28 = 39.08°, indicating 

crystallization of a <012> layer of LiCoC}z. In this case, the <012> LiCo02 cyrstal is 

stoichiometric and the1ef01e allows for efficient Li transport. One of ordinary skill in the art 

will notice that longer anneals and/or further adjustment of the deposited stoichiometry may 

result in usefully oriented stoichiometric LiCo(h 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> LiCoOz peak 

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

anneal illustrated in Figure 1 OC. 

[096] Figures 1 OA through 1 OD demonstrate deposition of <101> LiCo(h at low 

temperature over an iridium layer. Subsequent anneals to S00°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 BDD.eal temperatures less than 500°C, depositions of a LiCoOi layer over a 

conducting iridium layer can be accomplished on glass, aluminum foil, plastic, or other low 

temperature substrate material. Anneal temperatures ofless than 500°C but greater than 

300°C or lengthening the time oflower temperature ann~ may also result in desired 

orientations of stoichiometric crystalline LiCo(h. 

[097] Figures 11A through l lD illustrate formation of a single-layer battery 

according to some embodiments of the present invention. As shown in Figure 1 lA, a lift--o:ff 

layer 1102 can be deposited on a substrate 1101. Further, an iridium layer 1103 can be 
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deposited over lift-off layer 1102. In some embodiments, substrate 1101 can be plastic, glass, 

Al foil, Si wafer, or any other material. Lift-off layer 1102 can be any lift off layer and can 

be a polymer layer such as polyimide, an inorganic layer such as CaF2 or carbon, or an 

adhesive layer that loses its adhesion as a result of, for example, oxidation, heat, or light 

Lift-off layers ere well known. Iridium layer 1103 can be from about SOO A or more. 

[098] NJ shown in Figure 11 B, a LiCoOi 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 LiCoOi with no further anneals necessary. 

[099] Figure 11 C illustrates deposition of a UPON layer 1105 over the LiCoO:i 

layer, deposition of a Li layer 1106 over UPON 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] NJ shown in Figure l 1D, the resulting single-layer battery formed from 

iridium layer 1103, LiCoOi layer 1104, LiPON layer 1105, Li layer 1106, and electrode layer 

1107 can be "lifted oft" :from substrate 1101. Such a single-layer battery can be a free

standing battery of thickness about 5 µm or greater. Such a battery, without the requirement 

of a substrate 1101, is well known to have the potential of energy storage of greater than 

about 1 kW-hr/liter. 

[0101] NJ an alternative to a lift-off process as described in Figures 1 lA through 

I ID, a substrate may be removed dming 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 

mmea.l LiCo0:2 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, 

re,gpectively. 

[0103] Figure 1'2A illustrates an XRD analysis of the as--deposited LiCoOz film on 

Al203 subsb:ate (Example 32 in Table I). A broad <003> crystal.line LiCo(h peak is 

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

from the Al20J substrate. The <003> peak is cba:racteristic of the layered structure in the as

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

[0104] Figure 12B illustrates the crystallinity of the LiCo02 film shown in Figure 

12A after a 2 hr 700 °C anneal. As sh.own in Figure l2B, 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 COITeSpOnding to Example 32 in Figure L Figures 120 through 121 show 

SEM photos of the granularity of the annealed film, as illustrated in Figure 12B. A 

comparison of Figures 12C t1u:ough 12F with 120 througb.121 illustrate the increased 

granularity resulting from the anneal process. 

[0106] Figure 12K illustrate., a fnu?ture cross-section SEM that illustrates the 

morphology of the as-deposited crystalline film corresponding to Example 31 in Table L 

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 Ex.ample 49 of Table I. In that example, LiCoQz is deposited on 

alumina with a 2 kW pulsed DC power with no bias. Argon flow as set to 60 seem and 

oxygen flow was set to 20 seem. The deposition parameters are nearly identical with those of 

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 a1mosphere. 

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

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

anneal (RTA) oven and cooled in air to room temperature. As shown in Figure 13A, 

substantial crystallinity is obtained. Figure l3B shows XRD data after a RTA as descn'bed 

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 l3B, more crystallinity is 

observed in an argon only RTA than with a RTA performed in the presence of oxygen. This 

is further illustrated in a comparison of Figures 13C and l3D with Figures 13B and 13F. 

Figures 13C and l3D show the granularity of the LiCo(h film after the RTA illustrated in 

Figure 13A Figures 13E and 13F show the granularity of the LiCoQz film after the RTA 

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

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

differ in magnification). 

[0109] Figures 14A through 14D illustmte several anneal processes with the 

Example 37 of Table L 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 LiCo~ film according 

to the process illustrated in Example 37 of Table I. Figure l4B shows an SEM photo of 
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LiCo~ film acc.ording to the process illustrated in Example 37 of Table I, annealed 

conventionally with a two-hour 700 °C anneal. Figures 14C and l 4D show SEM photos of a 

LiCo~ film acc.ording to the process illustrated in Example 3 7 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 LiCoOz film after an RTA process at 700 °C 

for five minutes whereas Figure l4D shows an SEMphoto ofa LiCoCh film after an.RTA 

process at 700 °C for fifteen minutes. It is clear from a comparison of Figures 14C and 14D 

with Figure 14B, that much better granularity is achieved with the low thermal-budget RTA 

process rather than the conventional furnace anneal. A low thermal-budget RTA process 

allows for deposition of such films on low temperature substrates. 

[0111] Figmes ISA and 1SB show SEMphotos ofa LiCo<>z film that was annealed 

in an RTA process uti]izjng two different ramp-up times, illustrating the effects of the ramp 

time in the RTA process. A LiCo02 film was deposited on an alumina substrate according to 

the process descnoed as Example 51 in Table L The film shown in Figure 15A was annealed 

with a 45 sec ramp-up time (i.e., room temperature to 700 °C in 45 sec). The film shown in 

Figme 1 SB 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 15A 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 diczcbarge profiles of a battery 

structure formed utiJizmg LiCo(h films acc.ording to embodiments of the present invention. 

The LiCo(h film in the battery profiled in Figure 17 was deposited according to Example 54 

in Table L The LiCo(h :film was deposited on an alumina substrate with a gold CUITeD.t 

collector. The LiCo(h film was annealed utilizing a fast-ramp (45 sec) RTAprocess as was 

de.,cn.1,ed above. A 1.5 µm UPON layer was then deposited with a standard RF deposition 

process without bias in a modified AK.T reactor. A lithium anode and a nickel current 
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collector were then deposited. Data was taken at 0.33 mA, 1.65 mA, 3 .3 mA, 16.5 mA, 33 

mA, and 66 mA. As observed, the battery was capable of storing an exceptional 25 mA/cm.2 

at voltages greater than 2.0 V. 

[0113] One skilled in the art will recognize variations and modifications of the 

examples specifically discussed in this disclosure. These variations and modifications are 

intended to be within the scope and spirit of this disclosure. AB such, the scope is limited 

only by the following claims. 
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TABLE I 

Example# Target Bias Power Reverse Frequency Ar(sccm) 
Power(kW) (W) Time(µs) (kHz) 

1 2 0 1.6 250 80 
2 2 0 250 72 
3 2 100 250 72 
4 2 100 250 76 
5 2 100 250 76 
6 2 100 250 74 
7 2 0 300 72 

~ 8 2 0 300 74 
9 2 100 300 74 
10 2 100 300 72 
11 2 100 300 70 
12 . 2 0 300 70 
13 2 0 300 72 
14 2 0 300 74 
15 2 0 300 60 
16 2 0 300 so 
17 2 200 300 60 
18 2 50 300 60 
19 2 0 300 70 
20 2 0 300 65 
21 3 0 300 65 
22 2 0 1.6 250 60 
23 3 0 1.6 250 60 
24 2 0 1.6 2SO 60 

02(sccm) Initial 
Substrate 
Temperature 
(temperature 
during 
deposit) 
(OC) 

0 30 
8 30 
8 30 
4 30 
4 . 200 
6 200 
8 30 
6 30 
6 30 
8 30 
10 30 
10 30 
8 30 
6 30 
20 30 
30 30 
20 30 
20 30 
10 30 
15 30 
15 30 
20 30 
20 30 
20 30(NPH) 

Deposition Film 
Time(sec) Thickness 

(µm) 

10000 3.9 
7200 1.7 
7200 1.34 
7200 1.57 
7200 1.3 
7200 1.3 
7200 1.58 
7200 
7200 
7200 
7200 
7200 
7200 1.58 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 

i 

' 

I 

! 

! 
g 

i 
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~ 
i 
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--.._ 

Page 757 of 1053



(,) 
(,) 

25 

26 
27 
28 

29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

2 0 

2 0 
2 0 
2 0 

2 0 
2 0 

2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 100 
2 200 
2 100 
2 100 
2 200 
2 200 
2 0 
2 0 
2 0 
2 200 
2 200 
2 0 
2 0 
2 0 
2 100 
2 100 
2 100 

1.6 2SO 60 

1.6 2SO 60 
300 60 
300 60 

250 60 
250 60 

1.3 300 60 
1.3 300 60 
1.3 300 22.5 
1.3 300 22.5 
1.3 300 37.5 
1.3 300 37.5 
1.3 300 60 
1.3 300 60 
1.3 300 37.5 
1.3 300 22.5 
1.3 300 37.5 
1.3 300 60 
1.3 300 22.S 
1.3 300 60 
1.3 300 60 
1.3 300 60 
1.3 300 22.5 
1.3 300 60 
1.3 300 60 
1.3 300 60 
1.3 300 60 
1.3 300 60 
1.3 300 60 

20 lOminheat 
30mincoc 

20 nonreheat 
20 nonreheat 
20 lSminheat, 

lOmin 
20 nonreheat 
20 lOmin, 

lOmin 
20 301 220t 
20 301 220 
7.S 301 220 
7.5 30 220 
12.5 30 220 
12.S 30 220 
20 30 220 
20 30 220 
12.5 301 220 
7.S 301 220 
12.5 301 220 
20 400 
7.5 301 220 
20 30 220 
20 30 220 
20 30 220 
7.S 30 220 
20 30 220 
20 30 220 
20 30 220, 
20 30 220, 
20 30 220 
20 30 220 

7200 

9000 
7200 
7200 

7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
7200 
3600 
3600 
3600 
6000 
10800 
14400 
10000 
10000 
6000 

4.81 
4.74 
3.99 
3.93 
3.64 
3.54 
4.54 
4.84 
4.30 
3.77 
3.92 
3.77 
3.24 
3.88 
1.78 
1.87 
1.52 
l.12 
1.89 
2.52 
1.57 
2.11 
2.70 

~ 
0 

I 
c:'3 

i 
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Example# 

15 

16 

17 

18 

19 

20 

21 

PDF 

12 1100 

Phase 

LiCoOz 

LiCoO:z 

Co 

Co 

LiCoOz 

LiCoOi 

LiCo~ 

LiCo~ 

I 1.3 I 300 I 60 

TABLE II 

Lattice Texture 

:dtombohedral strong [101] 

Rhombohedral strong (101] 

cubic random 

cubic random 

rhombohcdral strong (101] 

rhombohedral strong [101] 

rhombohedral strong [101] 

Rhombohedral rend.om 

120 I 3QC220} I 6000 12.10 I ~ 
0 
N g 

I 
.---., 

dlOl [A] 28 [ 0
] crystallite size [ A 1 

2.376(1) 37.83 -1300 

2.375(1) 37.8S ... 750 

.. -· <50 

- - <50 
~, 

2.370(1) 37.93 -1400 

2.372(1) 37.90 -1500 
.,, 

2.370(1) 37.92 -1700 

2.408(1) 37.31 -
i 
N 

I 
~ ... 
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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 LiCoOi positioned opposite the 

substrate, 

wherein a crystalline layer of LiCoOi is deposited over the substrate. 

2. The method of claim l, further including applying an RF bias to the substrate. 

3. The method of claim 1, wherein the crystalline layer is <101> oriented. 

4. The method of claim 1, wherein the crystalline layer is <003> oriented. 

5. The method of claim 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 silicon, polymers, glasses, ceramics, and metals. 

7. The method of claim 1, ftnther 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. 
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13. The method of claim 1 wherein the target is a ceramic LiCo(h sputter target with a 

resistance measmed 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, farther including mmealing 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 LiCo(h layer at a 

temperature ofless than or equal to about S00°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 LiCo~ layer deposited over a low-temperature substrate. 

22. The structure of claim 21, finther including a conducting layer deposited between 

the ccystalline LiCoOi layer and the low-temperature substrate. 

23. The structure of claim 22, wherein the conducting layer is an iridimn layer. 

24. The structure of claim 22, wherein the conducting layer is a platinum layer. 

25. The structure of claim 21, :further including a· LiPON layer deposited over the 

LiCo~ layer. 

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

over the LiCo~ layer. 
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27. A stacked battery structure, comprising: 

one or more battery stacks deposited on a thin substrate, wherein each battery 

stack comprises: 

a conducting layer, 

a LiCo~ layer deposited as a crystalline layer over the conducting layer, 

a LiPON layer deposited over the crystalline LiCoO:z 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 s1ructure of claim 27, wherein the battery stacks form a 

parallel stacked battery structure. 

29. The stacked battery s1ructure of claim 27, wh~ the battery stacks form a series 

stacked battery strocture. 

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 clami 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, platinmn, aluminum, stainless steel and 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; 

PCT/US2005/044781 

depositing a crystalline LiCoQi layer over a conducting layer in a chamber of 

the cluster tool with a pulsed-de PVD process. 

37. The method of claim 36, wherein depositing a crystalline LiCoQi layer includes 

depositing crystalline Li Co~ 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 

LiCo~ 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 mdium layer. 

43. A fixture for holding a thin substrate, comprising: 

a top portion; and 

a bottom portion, wherein 

the thin substrate is held when the top portion is attaQhed to the bottom 

portion. 
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Office Action Summary 

Application No. 

10/954,182 

Examiner 

Michelle Estrada 

Applicant(s) 

ZHANG ET AL 

Art Unit 

2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of lime may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)C8l Responsive to communication(s) filed on 09 August 2006. 

2a)D This action is FINAL. 2b)C8l This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213. 

Disposition of Claims 

4)C8l Claim(s) 41-43.45-62,85 and 87-89 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)C8l Claim(s) 61,62 and 85 is/are allowed. 

6)C8l Claim(s) 41-43,45-60 and 87-89 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1. 121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)D Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) C8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 819106. 

4) D Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20061030 
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Application/Control Number: 10/954, 182 

Art Unit: 2823 

DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

Page 2 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 45, 47, 49, 51, 52, 59 and 60 are rejected under 35 U.S.C. 103(a) as 

being unpatentable over Smolanoff et al. (6,117,279) in view of D'Couto et al. 

(6,673,716). 

Re claims 59 and 60, Smolanoff et al. disclose providing a process gas between 

the target (16) and a substrate (15); providing pulsed DC power to the target (Col. 5, 

lines 50-55); providing a magnetic field to the target (Col. 6, lines 1-7); and wherein a 

material is deposited on the substrate (Col. 5,- lines 22-26); and an oxide film is formed 

by reactive sputtering (Col. 6, lines 15+). Using an specific type of filter (narrow band

rejection) is a matter of design choice depending on the quality of product needed, and 

it is obvious that the filter is going to work at certain frequencies. 

Smolanoff et al. do not disclose wherein the material sputtered is in the metallic 

mode or in the poison mode. 

D'Couto et al. disclose that a material can be sputter neither in the poison mode 

or metallic mode (Col. 1, line 65-Col. 2, line 20). 
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Page3 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and D'Couto et al. to enable the sputtering mode step 

of Smolanoff et al. to be performed according to the teachings of D'Couto et al. because 

one of ordinary skill in the art would have been motivated to look to alternative suitable 

methods of performing the disclosed sputtering step of Smolanoff et al. and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

Re claim 45, Smolanoff et al. disclose wherein the magnetic field is provided by a 

moving magnetron (Col. 5, lines 39-49). 

Re claim 47, Smolanoff et al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Col. 7, lines 22-27). 

Re claim 49, Smolanoff et al. disclose wherein the process gas further includes 

nitrogen (Col. 7, lines 25-26). 

Re claim 51, Smolanoff et al. disclose further including uniformly sweeping the 

·target with a magnetic field (Col. 6, lines 1-6). 

Re claim 52, Smolan off et al. disclose wherein sweeping the target with a 

magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction (Col. 6, lines 1-6). 
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Claims 41, 42, 46, 48 and 50 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff in view of D'Couto et al. as applied to claims 45, 47, 49, 

51, 52, 59 and 60 above, and further in view of Chen et al. (2004/0077161 ). 

Re claim 41, Smolanoff et al. disclose wherein the process gas includes oxygen. 

Re claim 42, Smolanoff et al. disclose wherein the process gas includes N2 or 

The combination of Smolanoff et al. and D'Couto et al. does not disclose wherein 

the target is a metallic target. 

Re claims 41 and 42, Chen et al. disclose forming a coating layer in a substrate; 

applying a magnetic field to a target; wherein the target is a metallic target. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., D'Couto et al. and Chen et al. to enable the target 

material of Smolanoff et al. to be the same according to the teachings of Chen et al. 

because one of ordinary skill in the art wquld have been motivated to look to alternative 

suitable target rriaterials of the disclosed target of Smolanoff et al. and art recognized 

suitability for an intended purpose has been recognized to be mo.tivation to combine. 

See MPEP 2144.07. 

Re claim 46, Chen et al. disclose further including holding the temperature of the 

substrate substantially constant (Page 3, Paragraph [0046)). 

Re claim 48, Chen et al. disclose wherein the oxygen flow is adjusted by the 

mass flow controllers; thereby it will adjust the index refraction of the film. 
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Re claim 50, Chen et al. disclose wherein providing pulsed DC power to a target 

includes providing pulsed DC power to a target, which has an area larger than that of 

the substrate (See fig. 3). 

Claims 43, 53-58 and 87-89 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. in view of D'Couto et al. as applied to claims 45, 47, 

49, 51, 52, 59 and 60 above, and further in view of Milonopoulou et al. (2003/0175142). 

Re claim 43, The combination of Smolanoff et al. and D'Couto et al. does not 

disclose wherein the target is a ceramic target. 

Milonopoulou et al. disclose forming a coating layer on a substrate; providing a 

target (12), which is ceramic (Abstract). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., D'Couto et al. and Chen et al. to enable the target 

material of Smolanoff et al. to be the same according to the teachings of Milonopoulou 

et al. because one of ordinary skill in the art would have been motivated to look to 

alternative suitable target materials of the disclosed target of Smolanoff et al. and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

Using an specific type of filter (narrow band-rejection) is a matter of design 

choice depending on the quality of product needed, and it is obvious that the filter is 

going to work ·at certain frequencies. 
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Re claim 53, Milonopoulou et al. disclose wherein the target is an alloyed target 

(Abstract). 

Re claim 54, Milonopoulou et al. disclose wherein the alloyed target includes one 

or more rare earth ions. 

Re claim 55, Milonopoulou et al. disclose wherein the alloyed target includes Si 

and Al. 

Re claim 56, Milonopoulou et al. disclose wherein the alloyed target includes one 

or more elements taken from a set consisting of Si, Al, Er and Yb. 

Re claim 57, Milonopoulou et al. disclose wherein the alloyed target is a tiled 

target. 

Re claim 58, Milonopoulou et al. disclose wherein each tiled target is formed by 

prealloy atomization and hot isostatic pressing of a powder (Page 2, Paragraph [00201). 

Re claim 87-89, using an specific type of filter is a matter of design choice 

depending on the quality of product needed, and it is obvious that the filter is going to 

work at certain frequencies. Furthermore, the limitation "the filter is a narrow-band 

rejection filter rejects power at an RF frequency including an RF bias to the substrate at 

the RF frequency" is a structural. limitation in a method claim, so no matter what filter is· 

used, as long as the same result is achieved, as explained above. 

Re claims 88 and 89, one of ordinary skill in the art would have been led to the 

recited bandwidth and frequency through routine experimentation to achieve a desired 

band rejection in the process. In addition, the serection of bandwidth and frequency, its 

obvious because it is a matter of determining optimum process conditions by routine 
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experimentation with a limited number of species of result effective variables. These 

claims are prima facie obvious without showing that the claimed ranges achieve 

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 

1996)(claimed ranges or a result effective variable, which do not overlap the prior art 

ranges, are unpatentable unless they produce a new and unexpected result which is 

different in kind and not merely in degree from the results of the prior art). See also In 

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective 

variable in known process is ordinarily withir:i skill or art) and In re Aller, 105 USPQ 233 

(CCPA 1995) (selection of optimum ranges within prior art general conditions is 

obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed bandwidth and frequency or any unexpected results arising therefrom. 

Where patentability is said to be based upon particular chosen bandwidth and . 

frequency or upon another variable recited in a claim, the Applicant must show that the 

chosen bandwidth and frequency are critical. In re Woodruf, 919 F .2d 1575, 1578, 16 

USPQ2d 1934, 1936 (Fed. Cir. 1990). 

Allowable Subject Matter 

Claims 61, 62 and 85 are allowed. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

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

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpubiished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
October 30, 2006 
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PATENT 

Customer No. 22,852 
Attorney Docket No. 9140.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Al~xandria, VA 22313-1450 

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed October 31, 2006, please amend the above-identified 

application as follows: 

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of 

this paper. 

Remarks/ Arguments follow the amendment sections on page 6 of this paper. 
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AMENDMENTS TO THE CLAIMS: 

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

application: 

Claims 1-40 (Canceled). 

Claim 41 (Currently amended): The method of claims 59, 00, §Lor 85, wherein the 

target is a metallic target and the process gas includes oxygen. 

Claim 42 (Currently amended): The method of claims 43, 59, 00, §Lor 85, wherein the 

target is a metallic target and the process gas includes one or more of a set consisting of N2, NH3, 

CO, NO, CO2, halide containing gasses. 

Claim 43 (Currently amended): A methea ef Ei~J30sitieg a film ea a sl:lestf'ate, 

eemf1risiag: 

flF0Yiaiag a J:)F06eSS gas eetweea a taFget ana a Sl:H3Stf'ate; 

J:)F0Yiaiag J:)l:-1.lsea DC J:)0V/eF te the taFget thF01:-J.gh a Har-Few eana Fejeetiea filteF; 

fJF0Viaiag a magaetie fiela te the taFget; ana 

·.vheFeia a material is aepesitea ea the sl:lestf'ate, The method of claims 61 or 85 

wherein the target is a ceramic target. 

Claim 45 (Currently amended): The method of claims 43, 59, 00, fil_or 85, wherein the 

magnetic field is provided by a moving magnetron. 

Claim 46 (Currently amended) The method of claims 43, 59, 00, §Lor 85, further 

including holding the temperature of the substrate substantially constant. 

Claim 47 (Currently amended): The method of claims 43, 59, 00, §1 or 85, wherein the 

process gas includes a mixture of Oxygen and Argon. 

Claim 48 (Currently amended): The method of claims 43, 59, eQ, §1 or 85, wherein the 

-2-
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Oxygen flow is adjusted to adjust the index ofrefraction of the film. 

Claim 49 (Currently amended): The method of claims 43, 59, eQ, fil or 85, wherein the 

process gas further includes nitrogen. 

Claim 50 (Currently amended): The method of claims 43, 59, eQ, .§Lor 85, wherein 

providing pulsed DC power to a target includes providing pulsed DC power to a target which has 

an area larger than that of the substrate. 

Claim 51 (Currently amended): The method of claims 43, 59, eQ, fil or 85, further 

including uniformly sweeping the target with a magnetic field. 

Claim 52 (Previously presented): The method of claim 51 wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction. 

Claim 53 (Currently amended): The method of claims 43, 59, eQ, 61 or 85, wherein the 

target is an alloyed target. 

Claim 54 (Previously presented): The method of claim 53 wherein the alloyed target 

includes one or more rare-earth ions. 

Claim 55 (Previously presented): The method of claim 53 wherein the alloyed target 

includes Si and Al. 

Claim 56 (Previously presented): The method of claim 53 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. 

Claim 57 (Previously presented): The method of claim 53 wherein the alloyed target is a 

tiled target. 

-3-
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Claim 58 (Previously presented): The method of claim 57 wherein each tile of the tiled 

target is formed by prealloy atomization and hot isostatic pressing of a powder. 

Claims 59-60 (Canceled). 

Claim 61 (Currently amended): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a m.etallie conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning a m.etallie the target; 

wherein a material is deposited on the substrate. 

Claim 62 (Currently amended): The method of claim 61, wherein reconditioning the 

metallie target includes: 

reactive sputtering in the metallic mode and then reactive sputtering in the poison mode. 

Claims 63-84 (Canceled). 

Claim 85 (Previously presented): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, and an oxide film is formed by reactive 

sputtering in a mode between a metallic mode and a poison mode. 

Claim 86 (Canceled). 

-4-
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Claim 87 (Currently amended): The method according to claims 43, 59, aQ, 61, 62, or 85, 

whereia the further including a narrow band-rejection filter that rejects power at an RF 

frequency, and further including 

providing an RF bias to the substrate at the RF frequency. 

Claim 88 (Previously presented): The method according to claim 87, wherein the narrow 

band-rejection filter has a bandwidth of about 100 kHz. 

Claim 89 (Previously presented): The method according to claim 87, wherein the RF 

frequency is about 2 MHz. 

Claims 90-92 (Canceled). 

-5-
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REMARKS 

Claims 41-43, 45-62, 85, and 87-89 are pending in present application. The Examiner 

has rejected claims 41-43 and 45-60, objected to claims 87-89, and allowed claims 61, 62, and 

85. In this Amendment, claims 41-43, 45-51, 53, 61, and 87 have been amended and claims 59-

60 have been canceled. Claims 41-43, 45-51, and 87 have been amended to depend from claims 

61 or 85. 

The Examiner has allowed independent claims 61 and 85. Claim 61 has been amended to 

replace "metallic" with "conductive" and therefore is still allowable. Claims 41-43, 45-51, 53, 

and 87 have been amended to depend from allowed claims 61 or 85 and are therefore allowable 

for at least the same reasons as is claim 61 and 85. Applicants reserve the right to pursue claims 

59-60 and claims depending from them in a separate application. 1 

Claim Reiections under 35 U.S.C. § 103 

Claims 45, 47, 49, 51, 52, 59, and 60 

The Examiner rejected claims 45, 47, 49, 51, 52, 59, and 60 under 35 U.S.C. § 103(a) as 

being unpatentable over U.S. Patent No. 6,117,279 ("Smolonoff et al.") in view of U.S. Patent 

No. 6,673,716 ("D'Couto et al."). 

Claims 59 and 60 have been canceled. Claims 45, 47, 49, 51, and 52 have been amended 

to depend from allowed claims 61 and 85. Therefore, claims 45, 47, 49, 51, and 52 are allowable 

for at least the same reasons as is claims 61 and 85. 

1 The Examiner has made many assertions characterizing both the claims and the prior art. 
Applicants do not necessarily agree with these assertions and nothing in this response should be 
interpreted such that Applicants acquiesce in any way in the Examiner's characterizations. 

-6-
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Claims 41, 42, 46, 48, and 50 

The Examiner rejected claims 41, 42, 46, 68, and 50 under 35 U.S.C. § 103(a) as being 

unpatentable over Smolonoff et al. in view of D'Couto et al. as applied to claims 45, 47, 49, 51, 

52, 59, and 60, and further in view of U.S. Published Application No. 2004/0077161 ("Chen et 

al."). 

Claims 41, 42, 46, 68, and 50 have been amended to depend from allowed claims 61 and 

85 and are therefore allowable for at least the same reasons as is claims 61 and 85. 

Claims 43, 53-58. and 87-89 

The Examiner has rejected claims 43, 53-58, and 87-89 under 35 U.S.C. § 103(a) as 

being unpatentable over Smolonoff et al. in view ofD'Couto et al. as applied to claims 45, 47; 

49, 51, 52, 59, and 60 above, and further in view of U.S. Published Application No. 

2003/0175142 ("Milonopoulou et al."). 

The Examiner is reminded that Milonopoulou is not prior art to this application. 

Milonopoulou was filed on the same day by many of the same inventors as the present 

application and is assigned to the same entity as the present application. 

Additionally, claims 45, 47, 49, 51, and 52 have been amended to depend from allowed 

claims 61 and 85 and are allowable for at least the same reasons as is claims 61 and 85. 

Allowable Subiect Matter 

The Examiner has indicated that claims 61, 62, and 85 are allowed. 

-7-
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Conclusion 

In view of the foregoing amendments and remarks, Applicants respectfully request 

reconsideration and reexamination of this application and the timely allowance of the pending 

claims. 

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

additional required fees to Deposit Account No. 06-0916. 

Date: December 6, 2006 

EXPRESS MAIL LABEL NO. 
EV 746096154 US 

Respectfully submitted, 

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

/l_.. /4- ~. tJo. 
By: ':/!W" ! .... 

-8-

Gary J. Edwards 
Reg. No. 41,008 
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In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
} Confirmation No.: 9873 
) 
) 

SIXTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed after the events recited in Section l .97(b) but, to the undersigned's knowledge, before the 

mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the 

provisions of 37 C.F.R. § l.97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 to Deposit Account No. 06-0916 for this Information Disclosure Statement. 

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. 
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This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Date: December 6, 2006 

EXPRESS MAIL LABEL NO. 
EV 746096154 US 

Respectfully submitted, 

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

By: 4:-f 4-- ~. ti,, ~h, /71) 

Gary.T.Edwards 
Reg. No. 41,008 
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US-2003/0143853 A1 07-31-2003 Celii 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' 

Examiner 
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I Examiner 
Signature 
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Cite 
No. 1 

Foreign Patent Document MM-DD-YYYY Applicant of Cited Document Where Relevant 
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Country Code3 Number' Kind Code5 (if known) Figures Appear 

KR 2002-26187 04-06-2002 Hyundai Motor Co 
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WO 01/82297 A1 11-01-2001 Koninklijke Philips 
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NON PATENT LITERATURE DOCUMENTS 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), 
publisher, city and/or country where published. 

AGRAWAL, G.P., in: Fiber-Optic Communication Systems, 2nd Edition, John 
Wiley & Sons, New York, pp. 362-399 and 415 (1997). 
MASUDA, H. & KAWAI, S., 'Wide-band and gain-flattened hybrid fiber 
amplifier consisting of an EDFA and a multiwavelength pumped raman 
amplifier," IEEE Photonics Technology Lett. 11(6):647-649 (1999). 
SNOEKS, E. et al., "Cooperative upconversion in erbium-implanted soda-lime 
silicate glass optical waveguides," J. Opt. Soc. Am. B 12(8):1468-1474 (1995). 
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 

I Date 
Considered 

Abstract 

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. 

EXlPJRJESS MAH., lLABElL NO. 
EV 7416096154 US 
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No. 10,291,179 (Attorney Docket No. 9140.0001-00). 

Office Action dated December 1, 2006, in U.S. Application No. 10,291,179 
(Attorney Docket No. 9140.0001-00). 
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Notice of Allowance mailed October 23, 2006, in U.S. Application No. 
10/789,953 (Atty. Docket No. 09140.0030-00). 
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Flywheel for radiating heat and increasing rigidity 
Patent Assignee: HYUNDAI MOTOR CO LTD (HYUN-N) 
Inventor: SONG J H 
Patent Family: 2 patents, 1 countries 

2003088236 
507142 

Priority Applications (no., kind, date): KR 200226187 A 20020513 

atent Number Filin Notes 
2003088236 
507142 reviousl issued aten KR 2003088236 

Alerting Abstract KR A 
NOVEL TY - A flywheel for radiating and reinforcing is provided to prevent crack by absorbing 
burst force with elastic force and radiating friction heat in operating the clutch because the flywheel 
is divided into plural portions and manufactured with different materials. 
DESCRIPTION - A flywheel(l 0) is composed of a support plate(lOa) combined with a crankshaft 
with pressing and fitting a ring gear( 11 ); a cover p!ate( 1 Ob) fixed to the support plate and bent to 
form the storage space; an insert plate( 1 Oc) fastened inside the cover plate; and a friction plate(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. 

BEST AVAILABLE COPY 
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Optical recording medium and use of such optical recording medium 

The invention relates to an optical recording medium having a substrate and a 

stack of layers provided thereon, the stack comprising a recording layer, having a melting 

point Tmp and being able to change between an amorphous and a czystalline 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 . 

10 

. The invention also relates to the use of such an optical recording medium. 

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 czystalline 

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 fonnation of amorphous infonnation bits in the 

exposed areas of the recording layer that remains czyst~line in the unexposed areas. Erasure 

of written amorphous marks is realized by recrystallizing through heating with the same laser 

at an intennediate 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 Disc+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 (CET) has to be at most 60 ns. CET is defined as the minimum 

duration of the erasing pulse for complete crystallization of a written amorphous mark in a 
. --

crystalline environment, which is measured statically. For DVD+RW, which has a 4.7 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 of layers consisting, in succession, of a first dielectric layer, a 

Shi Te3 layer as crystallization accelerating layer, a Sb layer as a composition correcting layer, 

a recording layer of a phase-change Sb72 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 re09rding layer while P' represents a composition correction layer which mixes with 

the recording layer at first recording. A crystallization accelerating layer N of Sl'2 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 618°C, only 68°C higher than the melting point 550°C of the Player. 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 perfonnance for at least a thousand of 

10 recording and erasing cycles. 

It is an object of the invention to provide an optical recording medium of the 

kind described in the opening paragraph, which is suitable for high speed rewritable optical 

15 recording, having a CET-value of at most 60 ns. 

It is another object of the invention to provide an optical recording medium of 

the kind described in the opening paragraph, which is suitable for rewritable optical 

recording, having ·a stable performance f~r at least 103 recording and erasing cycles. 

This object is achieved in accordance \J{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 Tmg at least 250°C higher than the melting point Tmp 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 thennal properties. 

An advantage of the G-layer, comprising a material selected from the group 

S consisting of binary metal alloys, semiconductors and semiconductor alloys, is that it has a 

high melting point. lbis counteracts dissolving ofth~ G-layer in the recording layer and 

maintenance of the crystalline structure for a large number of recording and erasing cycles. 

During recording, the maximum temperature in the recording iayer is about 800°C, which is 

about 1.4 times Tmp for a recording layer with a Tmp of 550°C. This may be deduced from a 

10 temperature calculation based on the presented laser energy during recording and the physical 

properties of the stack. The melting temperature T mg of the G-layer has to be above this 

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. G-layer, are Pb Te, Agi Te, CrTe, Ge 

and Si. 

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

20 the recording layer and the second dielectric layer. The thickness of the G-layer may be 

chosen ·between 0.1 and 10 nm. The thennal 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 thennal behaviour of the stack because the 

thickness of the G-layer is generally relatively small compared to the other layers in the 

25 stack. This facilitates the thermal design of the stack. 

In another embodiment the crystallization time is reduced further in that a 

second G-layer is arranged between the recording layer and the first dielectric layer. Thus a 

G-layer is arranged on both sides of the recording layer. The second G-layer may be of a 

material similar or identical to the material of the other G-layer. The crystallization time is 

30 reduced because now a crystalline layer, which accelerates the crystallite growth process, is 

present against the recorded amorphous mark on both sides. The thicknesses of the G-layers · 

are between 0.1 and 10nm, 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 abo1:1t 

10 equal thickness and composition, thereby reducing the number of deposition stations and the 

manufacturing time of a stack. 

In a specific embodiment the recording layer comprises an alloy of Q, In, Sb 

and Te, wherein Q is selected from the group consisting of Ag and Ge. 

The preferred composition comprises Oa Inb She Ted (in atomic percentages), 

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

2SaS9 

0<bS6 

· 55 S: CS 80 

16 ~ d ::;; 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 formula 

Geso,$b40,4oxTe60-10x (in atomic percentages), wherein 0.166 ~ 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 SbzTe3 in the triangular Ge~Sb-Te composition diagram and includes the stoichiometric 

compounds Ge2Sbi Tes (x = 4/9), GeSb2 Te4 (x = 2/7) and GeSb4 Te1 (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 ofSi02, TiOi, Ta20s, 

ZnS, AIN and/or Si3N4. The dielectric layer through which the laser light enters the stack 

preferably has a thickness of 70 to (70-H.!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 
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thickness is smaller than 70 run, the cyclability is reduced considerably. The cyclability is 

measured by the relative change of the optical contrast Mo after a large number of DOW

cycles, e.g. 103
• The optical contrast Mo is defined as IRc-RAIIRc, 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 

10 smaller than (70+Al2n) nm. A larger total thickness does not :further increase the cyclability 

and is more expensive to make. If for example the wavelength is equal to 630 nm and the 

refractive index is 1.5, the thickness range extends from 70 nm to. 280 nm. 

The dielectric layer, which is closest to the reflective layer, has a thickness of 

10 to 40 run. Preferably the thickness of the dielectric layer adjacent to the reflective layer is 

15 · larger than or equal to 15 nm. A smaller thickness· results in an increased cooling rate of the 

recording layer and, consequently, an undesirable increase in the write power. The thickness 

is prefera:t,Iy 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 performance. 

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

25 

Cr, and alloys of these metals. The reflective layer preferably has a thickness of 60 to 120 

run. 

Both the reflective layers and the dielectric layers generally have been 

provided by vapour deposition or sputtering. 

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 (inns), which is defined above. The CET is 

inversely .proportional to the crystallization rate. 

The substrate of the information medium generally is transparent to the laser 

wavelength, and is made, for example, of polycarbonate, polymethyl methacrylate (PMMA), 

15 amorphous polyolefin or glass. In a typical example, the substrate is disc-shaped and has a 

diameter of 120 mm and a thickness of 1.2 mm, 0.6 mm or 0.1 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 suited 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 nm or shorter (red to blue). 

The phase change recording layer as well as the G-layer can be applied by 

vapour depositing or sputtering of a suitable target. The recording layer thus deposited is 

amorphous and exhibits a low reflection. In order to constitute a suitable recording layer 

Page 835 of 1053



WO 01/82297 PCT/EPOl/04028 

8 

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 

20 

25 

Embodiments of the optical recording medium of the inventibn will be 

described with reference to the drawings. 

In the drawings: 

Fig. 1 shows a schematic cross sectional view of a first embodiment of the 

optical recording medium. 

Fig. 2. shows a view as shown in FIG. I of a second embodiment. 

Fig. 3 shows a view as in FIG2 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. I 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 T mp of the recording layer 5. The crystal structure of 

these materials is similar to the crystalline state of the recording layer S. In this embodiment 

the recording layer 5 is made of Ge6.2In3.2Sb71.1 Te19.6, 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 11,=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 PbTe 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 AgiTe, CrTe, Ge or Si. The melting points 

Tmg of bulk PbTe, Ag2Te, CrTe, Ge and Si are 914,960, 1292, 936 and 1414°C respectively. 

The write power for the medium is relati.vely low and is 9 mW at the entrance face of the 

medium at a relative speed between the radiation beam and the medium of 7 .2 m/s. 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 

bas increased to 12% of the clock time Tc. The jitter is the standard deviation of the 

difference bP,tween 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 m/s and clock time of 230 ns, the jitter should 

25 be lower than 28 ns. The number of overwrite cycles before deterioration of the medium· 

becomes noticeable, e.g. the jitter has increased to 12% of the clock time, is larger than 103
• 

The jitter of a pattern read from the medium as a function of the overwrite cycle does not 

show a large overshoot. 

During writing, the recording layer 5 ofGe5.2ln3.2Sb11.1Te19,6 is heated to a 

30 temperature of about 750°C, well above its melting temperature, which is about 5S0°C. The 

temperature during recording is below the melting temperature of the G-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 run. 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 lOo+/-3 µm thick up to radius 58.5 mm. The 

25 cover layer 9 is made from a UV-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. Ge2S~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 Pb Te, Agi Te, 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 dielectric layer (3). 

9. The use of an optical recording medium (20), which medium is claimed in any 

one of the preceding claims, characterized in that the linear velocity of the medium relative to 

a laser-light beam (10) is at least 7 .2 mis. 
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provisions of 37 C.F.R. § 1.97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 to Deposit Account No. 06-0916 for this Information Disclosure Statement. 

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

patents and patent publications are not enclosed. 

Applicant respectfully requests that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

03/07/2007 DENNAMU1 00000038 060916 10954182 

01 FC:1806 180.00 DA 
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This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims 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. 

Date: March 1, 2007 

EXPRESS MAIL LABEL NO. 
EV 977728687 US 

-2-
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Application No. Applicant(s) 

Office Action Summary 
10/954,182 

Examiner 

Michelle Estrada 

ZHANG ET AL. 

Art Unit 

2823 

•• The MAILING DA TE of this communication appears on the cover sheet with the correspondence address •• 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1 )IZJ Responsive to communication(s) filed on 06 December 2006. 

2a)O This action is FINAL. 2b)IZJ This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4 )IZJ Claim(s) 41-58. 61. 62, 85 and 87-89 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5)[8'J Claim(s) 85 and 87-89 is/are allowed. 

6)[8'J Claim(s) 61 is/are rejected. 

7)[8'J Claim(s) 41-58 and 61 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

U.S. Patent and Trademar1< Office 
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070305 
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Application/Control Number: 10/954, 182 

Art Unit: 2823 

DETAILED ACTION 

Page 2 

After an updated search before allowance, the allowability of claim 61 is 

withdrawn in view of Moise et al. below. 

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. 

Claim 61 ia rejected under 35 U.S.C. 103(a) as being unpatentable over 

Smolanoff et al. (6,117,279) in view of Moise et al. (2001/0034106). 

Re claim 61, Smolanoff et al. disclose providing a process gas between the 

. target (16) and a substrate (15); providing pulsed DC power to the target (Col. 5, lines 

50-55); providing a magnetic field to the target (Col. 6, lines 1-7); and wherein a material 

is deposited on the substrate (Col. 5, lines 22-26); and an oxide film is formed by 

reactive sputtering (Col. 6, lines 15+). 

Smolanoff et al. does not specifically disclose reconditioning the target. 

Moise et al. disclose that it is important to control target conditioning ([0108]). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Moise et al. to enable the conditioning step of 
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Art Unit: 2823 

Page 3 

Moise et al. to be performed in the process of Smolanoff et al. so that the layer results in 

a better target condition for the deposition of the next layer. 

Allowable Subject Matter 

Claims 85 and 87-89 allowed. 

Claims 41-58 and 62 objected to as being dependent upon a rejected base claim, 

but would be allowable if rewritten in independent form including all of the limitations of 

the base claim and any intervening claims. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

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

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may .be obtained from either Private PAIR or Public PAIR. 
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Page 4 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
March 5, 2007 

~~ 
Primary Examiner 

Art Unit 2823 
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Customer No. 22,852 

Attorney Docket No. 9140.0016-01 

14
DEYN IN THE UNITED STA TES PA TENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed March 14, 2007, please amend the above-identified 

application as follows: 

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of 

this paper. 

Remarks/ Arguments follow the amendment sections on page 9 of this paper. 

04/02/2007 EEKUBAY1 00000-017 0&0916 10954162 
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AMENDMENTS TO THE CLAIMS: 

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

application: 

Claims 1-40 (Canceled). 

Claim 41 (Currently amended): The method of claims e 1 er 85 wherein the target is a 

metallic target and the process gas includes oxygen. 

Claim 42 (Currently amended): The method of claims e 1 er 85 wherein the target is a 

metallic target and the process gas includes one or more of a set consisting of N2, NH3, CO, NO, 

CO2, halide containing gasses. 

Claim 43 (Currently amended): The method of claims el er 85 wherein the target is a 

ceramic target. 

Claim 44 (Canceled). 

Claim 45 (Currently amended): The method of claims el er 85 wherein the magnetic 

field is provided by a moving magnetron. 

Claim 46 (Currently amended) The method of claims el er 85 further including holding 

the temperature of the substrate substantially constant. 

Claim 47 (Currently amended): The method of claims el er 85 wherein the process gas 

includes a mixture of Oxygen and Argon. 

Claim 48 (Currently amended): The method of claims el er 85 wherein the Oxygen flow 

is adjusted to adjust the index of refraction of the film. 

Claim 49 (Currently amended): The method of claims el er 85 wherein the process gas 

-2-
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further includes nitrogen. 

Claim 50 (Currently amended): The method of claims el er 85 wherein providing pulsed 

DC power to a target includes providing pulsed DC power to a target which has an area larger 

than that of the substrate. 

Claim 51 (Currently amended): The method of claims el er 85, further including 

uniformly sweeping the target with a magnetic field. 

Claim 52 (Previously presented): The method of claim 51 wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction. 

Claim 53 (Currently Amended): The method of claims el er 85 wherein the target is an 

alloyed target. 

Claim 54 (Previously presented): The method of claim 53 wherein the alloyed target 

includes one or more rare-earth ions. 

Claim 55 (Previously presented): The method of claim 53 wherein the alloyed target 

includes Si and AL 

Claim 56 (Previously presented): The method of claim 53 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. 

Claim 57 (Previously presented): The method of claim 53 wherein the alloyed target is a 

tiled target. 

Claim 58 (Previously presented): The method of claim 57 wherein each tile of the tiled 

target is formed by prealloy atomization and hot isostatic pressing of a powder. 
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Claims 59-61 (Canceled). 

Claim 62 (Currently Amended): The methee ef elaim al, whereia reeeaeitieaiag the 

target, iaeh:1Eles A method of depositing a film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate: 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein reconditioning the target includes reactive sputtering in the metallic mode and 

then reactive sputtering in the poison mode. 

Claims 63-84 (Canceled). 

Claim 85 (Previously presented): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, and an oxide film is formed by reactive 

sputtering in a mode between a metallic mode and a poison mode. 

Claim 86 (Canceled). 

Claim 87 (Previously presented): The method according to claims e-1,62, or 85, further 

including a narrow band-rejection filter that rejects power at an RF frequency, and further 

including 

providing an RF bias to the substrate at the RF frequency. 

Claim 88 (Previously presented): The method according to claim 87, wherein the narrow 

band-rejection filter has a bandwidth of about 100 kHz. 

-4-
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Claim 89 (Previously presented): The method according to claim 87, wherein the RF 

frequency is about 2 MHz. 

Claims 90-92 (Canceled). 

Claim 93 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is a metallic target and the process gas includes oxygen. 

Claim 94 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is a metallic target and the process gas includes one or more of a set 

consisting of N2, NH3, CO, NO, CO2, halide containing gasses. 

Claim 95 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is a ceramic target. 

Claim 96 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 
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wherein the magnetic field is provided by a moving magnetron. 

Claim 97 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

further including holding the temperature of the substrate substantially constant. 

Claim 98 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the process gas includes a mixture of Oxygen and Argon. 

Claim 99 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the Oxygen flow is adjusted to adjust the index of refraction of the film. 

Claim 100 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the process gas further includes nitrogen. 

Claim 101 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 
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providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein providing pulsed DC power to a target includes providing pulsed DC power to a 

target which has an area larger than that of the substrate. 

Claim 102 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

further including uniformly sweeping the target with a magnetic field. 

Claim 103 (New): The method of claim 102 wherein uniformly sweeping the target with 

a magnetic field includes sweeping a magnet in one direction across the target where the magnet 

extends beyond the target in the opposite direction. 

Claim 104 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is an alloyed target. 

Claim 105 (New): The method of claim 104 wherein the alloyed target includes one or 

more rare-earth ions. 

Claim 106 (New): The method of claim 104 wherein the alloyed target includes Si and 

Al. 

Claim 107 (New): The method of claim 104 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, 
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Au, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy Ho, Tm, and Lu. 

Claim 108 (New): The method of claim 104 wherein the alloyed target is a tiled target. 

Claim 109 (New): The method of claim 108 wherein each tile of the tiled target is 

formed by prealloy atomization and hot isostatic pressing of a powder. 
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REMARKS 

Claims 41-43, 45-58, 61, 62, 85, and 87-89 are pending in present application. The 

Examiner has rejected claim 61, objected to claims 41-43, 45-58, and 62, and allowed claims 85 

and 87-89. With this response, Applicants have amended claims 41-43, 45-53, and 62, canceled 

claim 61, and added new claims 93-109. 

Upon entry of the present amendments, claims 41-43, 45-58, 62, 85, 87-89, and 93-109 

will be pending in this application. 

Claim Reiections Under 35 U.S.C. § 103 

The Examiner rejected claim 61 under 35 U.S.C. § 103(a) as allegedly being unpatentable 

over Smolanoff et al. (6,117,279) in view of Moise et al. (2001/0034106). OA, CJI3. 

To facilitate prosecution, and not in acquiescence to the rejection, Applicants have 

canceled claim 61. 

Obiected Claims 

The Examiner has allowed claim 85 and objected to claims 41-43, 45-58, and 62. Claims 

41-43 and 45-58 have been amended to remove their dependency on rejected claim 61. Claims 

41-43 and 45-58, as amended, now depend only on claim 85, which has been allowed. 

Therefore, claims 41-43 and 45-58 are allowable for at least the same reasons as is claim 85. 

Claim 62 has been amended to include all of the limitations of claim 61, from which it 

depends. Claim 62 is therefore allowable. 

Claims 93-109 correspond to claims 41-43 and 45-58, respectively. Each of claims 93-

104 include the limitations of claim 61. Claims 93-104, as indicated by the Examiner, are now 

allowable. Claims 105-108 depend from claim 104 and are allowable for at least the same 

-9-
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reason as is claim 104. Claim 109 depends from claim 108 and is allowable for at least the same 

reason as is claim 108. 

Information Disclosure Statement 

Applicant notes the Examiner's acknowledgement of the Supplemental Information 

Disclosure Statement ("Supplemental IDS") filed on December 6, 2006, in which Applicant 

thanks the Examiner. Applicant also notes the Supplemental Information Disclosure Statement 

filed on March 1, 2007. Applicants respectfully request that the Examiner consider the cited 

documents on the March 1, 2007, Supplemental Information Disclosure Statement, and the 

Supplemental Information Disclosure Statement filed concurrently herewith. Applicants remind 

the Examiner of their duty to disclosure any art that is relevant to the above-referenced 

application. To this effect, the MPEP 2001.06(b) states: 

The individuals covered by 37 CFR 1.56 have a duty to bring to 
the attention of the examiner, or other Office official involved with 
the examination of a particular application, information within 
their knowledge as to other copending United States applications 
which are "material to patentability" of the application in question. 
As set forth by the court in Armour & Co. v. Swift & Co., 466 F.2d 
767, 779, 175 USPQ 70, 79 (7th Cir. 1972): 

Accordingly, the individuals covered by 37 CFR 1.56 cannot 
assume that the examiner of a particular application is necessarily 
aware of other applications which are "material to patentability" of 
the application in question, but must instead bring such other 
applications to the attention of the examiner. See Dayco Prod., 
Inc. v. Total Containment, Inc., 329 F.3d 1358, 1365-69, 66 
USPQ2d 1801, 1806-08 (Fed. Cir. 2003). For example, if a 
particular inventor has different applications pending in which 
similar subject matter but patentably indistinct claims are present 
that fact must be disclosed to the examiner of each of the involved 
applications. Similarly, the prior art references from one 
application must be made of record in another subsequent 
application if such prior art references are "material to 
patentability" of the subsequent application. See Dayco Prod., 329 
F.3d at 1369, 66 USPQ2d at 1808. 
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By acknowledging the Supplemental IDS and considering the references listed on the 

PTO/SB/08 forms submitted along with the Supplemental IDS, the Examiner has assisted 

Applicant in fulfilling their duty to disclose information in conjunction with the guidelines noted 

above. Applicant duly appreciates the Examiner's assistance in this matter. 

Conclusion 

In view of the foregoing amendments and remarks, Applicants respectfully request 

reconsideration and reexamination of this application and the timely allowance of the pending 

claims. 

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

additional required fees to Deposit Account No. 06-0916. 

Date: March 30, 2007 

EXPRESS MAIL LABEL NO. 
EV 977728506 US 

Respectfully submitted, 

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

-11-
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PATENT 
Customer No. 22,852 

Attorney Docket No. 9140.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTIERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

EIGHTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicant brings to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

filed after the events recited in Section l.97(b) but, to the undersigned's knowledge, before the 

mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the 

provisions of 37 C.F.R. § l.97(c), the Commissioner is hereby authorized to charge the fee of 

$180.00 to Deposit Account No. 06-0916 for this Information Disclosure Statement. 

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

patent and patent publication are not enclosed. 

Applicant respectfully requests that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

04/02/2007 EEKUBAYl 00000017 060916 10954182 

02 FC:1806 180.00 DA 
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This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicant determines that the cited documents do not constitute 

"prior art" under United States law, Applicant reserves the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicant further reserves the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & D NER, L.L.P. 

Date: March 30, 2007 By: 

EXPRESS MAIL LABEL NO. 
EV 977728506 US 
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IDS Form PTO/SB/08: Substitute for form 1449A/PTO Complete if Known 

Application Number 10/954,182 
,.. 

---- INFORMATION DISCLOSURE Filing Date October 1, 2004 ,.., ,, 
First Named Inventor ZHANG, Hongmei STATEMENT BY APPLICANT 

. s Art Unit 2823 

I l A/4Q_3 ... ~ (Use as many sheets as necessary) Examiner Name ESTRADA, Michelle 

"/Odahee1 I 1 I of I 1 Attorney Docket Number 9140.0016-01 

~~ ,1t,) 
'f~A~~ U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 

Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines. Where 
Initials No.' 

Number-Kind Code2 
(if known) 

Publication Date Applicant of Cited Document Relevant Passages or Relevant 
MM-DD-YYYY Figures Appear 

US-6,391, 166 B1 05-21-2002 Wang 

US-20070053139 A1 03-08-2007 Zhang et al. 

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

Examiner 
Initials 

I Examiner 
Signature 

Cite 
No.1 

NON PATENT LITERATURE DOCUMENTS 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

(book, magazine, journal, serial, symposium. catalog, etc.), date, page(s), volume-issue number(s). 
publisher, city and/or country where published. 

Response to Office Action dated March 19, 2007, in U.S. Application No. 
09/903,081 (Attorney Docket No. 9140.0014-00). 
Response to Office Action dated February 20, 2007, in U.S. Application No. 
10/650,461 (Attorney Docket No. 9140.0025-00). 
Office Action dated March 6, 2007, in U.S. Application No. 10/650,461 
(Attorney Docket No. 9140.0025-00). 
Notice of Allowance dated March 26, 2007, in U.S. Application No. 11/228,805 
(Attorney Docket No. 9140.0030-01 ). 
Supplemental Notice of Allowance dated March 15, 2007, in U.S. Application 
No. 10/851,542 (Attorney Docket No. 9140.0033-00). 
Voluntary Amendment dated March 8, 2007, in TW Appl. No. 93114518 
(Attorney Docket No. 9140.0033-00270). 
Application filed March 22, 2007 (Attorney Docket No. 9140.0033-01 ). 

I Date 
Considered 

Translation6 

EXAMINER: Initial if reference considered, whether or not citation is in confonnance with MPEP 609. Draw line through 
citation if not in conformance and not considered. Include copy of this fonn with next communication to applicant. 

EXPRESS MAIL LABEL NO. 
EV 977728506 US 
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Customer No.' 22,852 
Attorney Docket No. 9140.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

TRANSMITTAL LETTER 

Enclosed is a reply to the Office Action of March 14, 2007. The item(s) checked below are 
appropriate: 

The claims are calculated below: 

Claims Remaining Highest Number Present Rate Additional 
After Amendment Previously Paid Extra Fee 

Total 39 - 45 0 X $ 50 $ 0 

lndep. 19 - 2 17 X $200 3,400.00 

LJ First Presentation of Multiple Dep. Claim(s) +$360 0 

Subtotal $ 3,400.00 

Reduction by Yi if small entity - 0 

TOTAL $ 3,400.00 

~ The Commissioner is hereby authorized to charge the fee of $3,580.00 to Deposit 
Account No. 06-0916 to cover: 

1 
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$3,400.00 for the claim fees; 
$ 180.00 for the Supplemental Information Disclosure Statement. 

Please grant any extensions of time required to enter this response and charge any 
additional required fees to Deposit Account 06-0916. 

Dated: March 30, 2007 

EXPRESS MAIL LABEL NO. 
EV 977728506 US 

2 
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f.,\) 
.-------------------.,.......,-,.,..__--,--------r----,--------~ Application No. Applicant(s) 

Notice of Non-Compliant 
Amendment (37 CFR 1.121) 

10954182 
Examiner Art Unit 

•• The MAILING DA TE of this communication appears on the cover sheet with the correspondence address .• 

The amendment document filed on 30 March 2007 is considered non-compliant because it has failed to meet the 
requirements of 37 CFR 1.121 or 1.4. In order for the amendment document to be compliant, correction of the following 
item(s) is required. 

THE FOLLOWING MARKED (X) ITEM(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT: 
D 1. Amendments to the specification: 

D A Amended paragraph(s) do not include markings. 
D B. New paragraph(s) should not be underlined. 
D C. Other __ . 

D 2. Abstract: 
D A Not presented on a separate sheet. 37 CFR 1. 72. 
D 8. Other __ . 

D 3. Amendments to the drawings: 
D A The drawings are not properly identified in the top margin as "Replacement Sheet," "New Sheet," or 

"Annotated Sheet" as required by 37 CFR 1.121(d). 
D 8. The practice of submitting proposed drawing correction has been eliminated. Replacement drawings 

showing amended figures, without markings, in compliance with 37 CFR 1.84 are required. 
DC. Other __ 

[81 4. Amendments to the claims: 
D A A complete listing of all of the claims is not present. 
D 8. The listing of claims does not include the text of all pending claims (including withdrawn claims) 
[81 C. Each claim has not been provided with the proper status identifier, and as such, the individual status 

of each claim cannot be identified. Note: the status of every claim must be indicated after its claim 
number by using one of the following status identifiers: (Original), (Currently amended), (Canceled), 
(Previously presented), (New), (Not entered), (Withdrawn) and (Withdrawn-currently amended). 

D D. The claims of this amendment paper have not been presented in ascending numerical order. 
[81 E. Other: see claim 87. 

D 5. Other (e.g., the amendment is unsigned or not signed in accordance with 37 CFR 1.4): 

For further explanation of the amendment format required by 37 CFR 1.121, see MPEP § 714. 

TIME PERIODS FOR FILING A REPLY TO THIS NOTICE: 

1. Applicant is given no new time period if the non-compliant amendment is an after-final amendment, an amendment 
filed after allowance, or a drawing submission (only). If applicant wishes to resubmit the non-compliant after-final 
amendment with corrections, the entire corrected amendment must be resubmitted. 

2. Applicant is given one month, or thirty (30) days, whichever is longer, from the mail date of this notice to supply the 
correction, if the non-compliant amendment is one of the following: a preliminary amendment, a non-final amendment 
(including a submission for a request for continued examination (RCE) under 37 CFR 1.114 ), a supplemental 
amendment filed within a suspension period under 37 CFR 1.103(a) or (c), and an amendment filed in response to a 
Quayle action. If any of above boxes 1. to 4. are checked, the correction required is only the corrected section of the 
non-compliant amendment in compliance with 37 CFR 1.121. 

Extensions of time are available under 37 CFR 1.136(a) only if the non-compliant amendment is a non-final 
amendment or an amendment filed in response to a Quayle action. 

Failure to timely respond to this notice will result in: 
Abandonment of the application if the non-compliant amendment is a non-final amendment or an amendment 
filed in response to a Quayle action; or · 
Non-entry of the amendment if the non-compliant amendment is a preliminary amendment or supplemental 
amendment. 
/Ruby Johnson/ 571-272-4359 -------------
LeQal Instruments Examiner (LIE), if aoolicable Telephone No. 

U.S. Patent and Trademark Office Part of Paper No. 
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APR 2 3 2007 C) Customer No. 22,852 

Attorney Docket No. 9140.0016-01 

HE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTIERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

RESPONSE TO NOTICE OF NON-COMPLIANT AMENDMENT 

This is in response to the Notice of Non-Compliant Amendment ("Notice") dated April 

12, 2007. Applicants respond to the reason for non-compliancy as follows: 

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of 

this paper. 

Remarks follow the amendment sections on page 9 of this paper. 
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AMEND1\.1ENTS TO THE CLAIMS: 

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

application: 

Claims 1-40 (Canceled). 

Claim 41 (Currently amended): The method of claims €ii er 85 wherein the target is a 

metallic target and the process gas includes oxygen. 

Claim 42 (Currently amended): The method of claims €ii er 85 wherein the target is a 

metallic target and the process gas includes one or more of a set consisting of N2, NH3, CO, NO, 

CO2, halide containing gasses. 

Claim 43 (Currently amended): The method of claims el er 85 wherein the target is a 

ceramic target. 

Claim 44 (Canceled). 

Claim 45 (Currently amended): The method of claims €il er 85 wherein the magnetic 

field is provided by a moving magnetron. 

Claim 46 (Currently amended) The method of claims el er 85 further including holding 

the temperature of the substrate substantially constant. 

Claim 47 (Currently amended): The method of claims €i1 er 85 wherein the process gas 

includes a mixture of Oxygen and Argon. 

Claim 48 (Currently amended): The method of claims el er 85 wherein the Oxygen flow 

is adjusted to adjust the index of refraction of the film. 

Claim 49 (Currently amended): The method of claims el er 85 wherein the process gas 

-2-
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further includes nitrogen. 

Claim 50 (Currently amended): The method of claims al 0r 85 wherein providing pulsed 

DC power to a target includes providing pulsed DC power to a target which has an area larger 

than that of the substrate. 

Claim 51 (Currently amended): The method of claims al 0r 85, further including 

uniformly sweeping the target with a magnetic field. 

Claim 52 (Previously presented): The method of claim 51 wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction. 

Claim 53 (Currently amended): The method of claims al 0r 85 wherein the target is an 

alloyed target. 

Claim 54 (Previously presented): The method of claim 53 wherein the alloyed target 

includes one or more rare-earth ions. 

Claim 55 (Previously presented): The method of claim 53 wherein the alloyed target 

includes Si and Al. 

Claim 56 (Previously presented): The method of claim 53 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. 

Claim 57 (Previously presented): The method of claim 53 wherein the alloyed target is a 

tiled target. 

Claim 58 (Previously presented): The method of claim 57 wherein each tile of the tiled 

target is formed by prealloy atomization and hot isostatic pressing of a powder. 

-3-
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Claims 59-61 (Canceled). 

Claim 62 (Currently amended): The metheEl ef elaim €il, v;he£eia reeeaElitieaiag the 

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

providing a process gas between a conductive target and a substrate: 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target: 

wherein reconditioning the target includes reactive sputtering in the metallic mode and 

then reactive sputtering in the poison mode. 

Claims 63-84 (Canceled). 

Claim 85 (Previously presented): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, and an oxide film is formed by reactive 

sputtering in a mode between a metallic mode and a poison mode. 

Claim 86 (Canceled). 

Claim 87 (Currently amended): The method according to claims e-l,--62, or 85, further 

including a narrow band-rejection filter that rejects power at an RF frequency, and further 

including 

providing an RF bias to the substrate at the RF frequency. 

Claim 88 (Previously presented): The method according to claim 87, wherein the narrow 

band-rejection filter has a bandwidth of about 100 kHz. 

-4-
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Claim 89 (Previously presented): The method according to claim 87, wherein the RF 

frequency is about 2 MHz. 

Claims 90-92 (Canceled). 

Claim 93 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is a metallic target and the process gas includes oxygen. 

Claim 94 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is a metallic target and the process gas includes one or more of a set 

consisting of N2, NH3, CO, NO, CO2, halide containing gasses. 

Claim 95 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is a ceramic target. 

Claim 96 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

-5-
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wherein the magnetic field is provided by a moving magnetron. 

Claim 97 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

further including holding the temperature of the substrate substantially constant. 

Claim 98 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the process gas includes a mixture of Oxygen and Argon. 

Claim 99 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the Oxygen flow is adjusted to adjust the index of refraction of the film. 

Claim 100 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the process gas further includes nitrogen. 

Claim 101 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

-6-
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providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein providing pulsed DC power to a target includes providing pulsed DC power to a 

target which has an area larger than that of the substrate. 

Claim 102 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

further including uniformly sweeping the target with a magnetic field. 

Claim 103 (New): The method of claim 102 wherein uniformly sweeping the target with 

a magnetic field includes sweeping a magnet in one direction across the target where the magnet 

extends beyond the target in the opposite direction. 

Claim 104 (New): A method of depositing film on a substrate, comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein the target is an alloyed target. 

Claim 105 (New): The method of claim 104 wherein the alloyed target includes one or 

more rare-earth ions. 

Claim 106 (New): The method of claim 104 wherein the alloyed target includes Si and 

Al. 

Claim 107 (New): The method of claim 104 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, 

-7-
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Au, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy Ho, Tm, and Lu. 

Claim 108 (New): The method of claim 104 wherein the alloyed target is a tiled target. 

Claim 109 (New): The method of claim 108 wherein each tile of the tiled target is 

formed by prealloy atomization and hot isostatic pressing of a powder. 

-8-
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REMARKS 

In response to the Notice of Non-Compliant Amendment dated April 12, 2007, 

Applicants add the proper status identifier to claim 87. 

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

additional required fees to Deposit Account No. 06-0916. 

Respectfully submitted, 

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

Date: April 23, 2007 

EXPRESS MAIL LABEL NO. 
EV 977728395 US 

-9-

Page 888 of 1053



; . 
· f / _ 8LAIMS AS AMENtlED • PART II 
X /Jo I,,;, ,~umn 11 ·. . 1Co1umn 21. ·eo1umn 31 

.1 / / ~S · HIGHESl ·, 
4( REMAINING NUMBER . , Le_~ESENT 

i . . AF'JER PREVKlUSlV . ..,. ........ 
· AMENDMENT PAID FOR 

. Total • ·.:f It·. '.rnus - (p /· : .• . .;;..-- . 
M Independent • '/ ~ • ·'',us . - CJ ·.--; • . · 'I · 
I FIRST PREseNl'ATioN oF MULTIPLE oePeNoeNT'cLAJM l . 

I .. 

·rColumn 1l {Column 21 Column 31 
ClAIMS HIGHEST 

ID . REMAINING NUMBER PAESENl 
1: . ,"I · AFTER PAEVIOUSlY . EXTRA 
rJJ 4-d-3-(f J . AMENDMENT PAID FOR 

~ Tolal • ~ Minus - b / • 0 
l5 lndepeodent. • 1:.. ~ Minus . - 1 ~ • C) =. FIRST Pf.\ESENTAT10N OF MUl r1PLE oePENOENT C\AIM .. n 

tC.olumn 11 tColumn 21 
CLAIMS HIGHcST · 

U REMAINING NUMBER 

Column 31. 

PRESENT 
EXTRA ffi AFTER ·. PF\EVIOVSlY 

, AMENbMENT PAID FOR ,l--....:..-a:.._~~~--1-~..:.:..:..__1-"--1 
~ Mi ... · " a Total , (lu$ 

·. z ~---1-----+---+------;-...;._--i w lndOJ>4)nd•nt I Minus· - . C \ 

~ J_....;. __ ..L.,......--.,-'"'.""'.'.:'~-:-:":::'."'."'-::~=~:-:-:=-=-:':':".=----;;::::;--. 
· FIRST PRESENTATION· OF. t,1ULTl~LE OEPENOENT CLAIM ( ] 

f('.olumn 11 (Column 21 (Column 31. 

u 

• 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

Mi(lU$ 

HIGHl:Sl·· 
. NUMBER 

PR.EVIOUSl Y 
. PAJO·.FOA 

... I· Total • 

f lndepend•nt • Minus· .... 

FIRST PRESENTATION·OF. MULTIPLE DEPENDENT CLAIM 

PRESENT 
EXT1\A 

" 
C 

D 

.,. OTHER1JWf 
SMALL. l;NTITY OR SMAu:·EffTITY. 

ADDI·· 
RATE TIONAL 

FEE 

X$25::r· 
·-· 

X100= 

+180= .. 
. lOTAI.\ 

ADOfT. FEE• 

ADDI
RATE TlONAL 

FEE 
.. 

RATE 

OR ..X$50=r 

OR X.200· 

OA +360: 

OR . TOT~ 
ADDfT.FeE 

· RATE 

X$25~ OR )($50 .. ._ __ ,.._ __ -t 
",' 

OR X200a 
1-----1----1 

X100= 

+180• OR •300,. 

·ADDI-· 
TIONAL 

·11:1:c 

-
f' 61) 

j{)i) 

ADDI· 
TIONAI.J 
. i:i:1: 

'• 

TOTAi. r.-A : . TOTH T) 
. AOOrT. FEE.._ _ ___..... .AODIT.R:Ea...'--t 

ADDI• 
~TE. TlONAL 

.FEE 

· XS 25: 
1----1----t 

X1'00: 
1---->.-1----t 

o'A X$5.0iz 

QR· X20!)11 

+.180.: OR +3oo.,.° 

· TOTl.l · lOTM. 
ADOrl. FEEi._ __ ... OR. ADOrT. FEEa..---t 

AOOI
R.:\TE . TlONAL 

t. .FEE 

XS 25: 

RATE 

.. 

AD01· 
TIONAL 

Ff:!= 

·R XSS.O:z o. 
1----.f---~ 1------1-------

x,oo.. xw .. · t-~---1---~0R,_ __ ..._ __ ~ 

' . ,.i . +180:s OR +36(~,; . 
• H lte entry n co1urM I b lou.11\an lht tntry il oo1umo 1, Milt,1>' h cdl.rM 3. ·,TOTAL , .__TOt._ifJ.. ... _._1111, 
.. ltlhe "Highest Nurnt>et Pr~·Pald F.or' 1,N THIS SPACE Is less 1t11n 20. anter "20.' ADOrT. FEE OR 'ADort FEEa..----1 
-:-If lhe "Hlghes:1 Humber PfMQUS/y Paid For' IN ll-i!S SPACE Is len ~ 3 tnttor "3 • · . . 
~ 'Hlgheit Numbef PfMOVsly Pllld F<,t· {T~al °' lndepoodentl Is Ile·~ ~ fOl..nd n lhe .IWfopriaJe box 1n' C<IUM. I. 

Page 889 of 1053



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLlCA TION NO. FILING DATE FIRST NAMED INVENTOR 

10/954,182 10/01/2004 Hongmei Zhang 

22852 7590 07/24/2007 

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

UNITED STATES DEPARTMENT OF COMMERCE 
·United States Patent and Trademark Office 
Addrei.s: COMMISSIONER FOR PATENTS 

P.O. Box l4SO 
Alexandria, Virginia 22313-14SO 
www.uspto.gov 

ATIORNEY DOCKET NO. CONFIRMATION NO. 

09140-0016-01000 9873 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT . , PAPER NUMBER 

2823 

MAIL DATE DELIVERY MODE 

07/24/2007 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 

Page 890 of 1053



Office Action Summary 

Application No. 

10/954,182 

Examiner 

Michelle Estrada 

Appficant(s} 

ZHANG ET AL. 

Art Unit 

2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event. however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will. by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 }1:8] Responsive to communication(s} filed on 4/23/07. 

2a)l:8] This action is FINAL. 2b)O This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parle Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1:8] Claim{s) 41-43,45-58.62,85.87-89 and 93-109 is/are pending in the application. 

4a} Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1:8] Claim(s) 93-109 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a}O accepted or b}O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None ~f: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 1:8] Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 311107 3130107. 

U.S. Patent and Trademark Office 

PTOL-326 {Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20070716 
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Application/Control Number: 10/954, 182 

Art Unit: 2823 

DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

Page2 

The following is a quotation of 35 U.S.C. 103{a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 93, 94, 96, 98, 100, 102 and 103 are rejected under 35 U.S.C. 103{a) as 

being unpatentable over Smolanoff et al. (6,117,279) in view of Moise et al. 

(2001/0034106). 

Re claims 93 and 94, Smolanoff et al. disclose providing a process gas between 

the target (16) and a substrate (15); providing pulsed DC power to the target (Col. 5, 

lines 50-55); providing a magnetic field to the target {Col. 6, lines 1-7); and wherein a 

material is deposited on the substrate (Col. 5, lines 22-26); and an oxide film is formed 

by reactive sputtering (Col. 6, lines 15+); wherein the process gas includes oxygen; 

wherein the process gas includes N2 or NH3• 

Smolanoff et al. does not specifically disclose reconditioning the target. 

Moise et al. disclose that it is important to control target conditioning {[01081). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Moise et al. to enable the conditioning step of 

Moise et al. to be performed in the process of Smolanoff et al. so that the_layer results in 

a better target condition for the deposition of the next layer. 
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Art Unit: 2823 

Page 3 

Re claim 96, Smolanoff et al. disclose wherein the magnetic field is provided by 

a moving magnetron (Col. 5, lines 39-49). 

Re claim 98, Smolanoff et al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Col. 7, Jines 22-27). 

Re claim 100, Smolanoff et al. disclose wherein the process gas further includes 

nitrogen (Col. 7, lines 25-26). 

Re claim 102, Smolanoff et al. disclose further including uniformly sweeping the 

target with a magnetic field (Col. 6, lines 1-6). 

Re claim 103, Smolanoff et al. disclose wherein sweeping the target with a 

magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction (Col. 6, lines 1-6). 

Claims 97, 99 and 101 are rejected under 35 U.S.C. 103{a) as being 

unpatentable over Smolanoff et al. in view of Moise et al. as applied to claims 93, 94, 

96, 98, 100, 102 and 103 above, and further in view of Chen et al. (2004/0077161 ). 

The combination does not disclose holding the temperature of the substrate 

substantially constant. 

Re claim 97, Chen et al. disclose further including holding the temperature of the 

substrate substantially constant (Page 3, Paragraph [0046]}. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Moise et al. and Chen et al. to enable the temperature 

step of the combination to be performed according to the teachings of Chen et al. 
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Art Unit: 2823 

Page4 

because one of ordinary skill in the art would have been motivated to look to alternative 

suitable methods of performing the disclosed temperature step of the combination and 

art recognized suitability for an intended purpose has been recognized to be motivation 

to combine. See MPEP 2144.07. Furthermore, Chen discloses that the temperature is 

maintained or controlled at a desired temperature, which is suitable for a particular 

process. 

Re claim 99, Chen et al. disclose wherein the oxygen flow is adjusted by the 

mass flow controllers; thereby it will adjust the index refraction of the film. 

Re claim 101, Chen et al. disclose wherein providing pulsed DC power to a target 

includes providing pulsed DC power to a target, which has an area larger than that of 

the substrate (See fig. 3). 

Claims 95 and 104-109 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Smolanoff et al. in ·view of Moise et al. as applied to claims 93, 94, 

96, 98, 100, 102 and 103 above; and further in view of Milonopoulou et al. 

(2003/0175142). 

Re claim 95, the combination of Smolanoff et al. and Moise et al. does not 

disclose wherein the target is a ceramic target. 

Milonopoulou et al. disclose forming a coating layer on a substrate; providing a 

target (12), which is ceramic (Abstract). 
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Page 5 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Moise et al. and Milonopoulou et al. to enable the 

target material of Smolanoff et al. to be the same according to the teachings of 

Milonopoulou et al. because one of ordinary skill in the art would have been motivated 

to look to alternative suitable target materials of the disclosed target of Smolanoff et al. 

and art recognized suitability for an intended purpose has been recognized to be 

motivation to combine. See MPEP 2144.07. 

Using a specific type of filter (narrow band-rejection} is a matter of design choice 

depending on the quality of product needed, and. it is obvious that the filter is going to 

work at certain frequencies. 

Re claim 104, Milonopoulou et al. disclose wherein the target is an alloyed target 

(Abstract). 

Re claim 105, Milonopoulou et al. disclose wherein the alloyed target includes 

one or more rare earth ions. 

Re claim 106, Milonopoulou et al. disclose wherein the alloyed target includes Si 

and Al. 

Re claim 107, Milonopoulou et al. disclose wherein the alloyed target includes 

one or more elements taken from a set consisting of Si, Al, Er and Yb. 

Re claim 108, Milonopoulou et al. disclose wherein the alloyed target is a tiled 

target. 
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Re claim 109, Milonopoulou et al. disclose wherein each tiled target is formed by 

pre-alloy atomization and hot isostatic pressing of a powder (Page 2, Paragraph [0020]). 

Allowable Subject Matter 

Claims 41-43, 45-58, 62, 85 and 87-89 are allowed. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a) .. Applicant is reminded ~f the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

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

supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have· questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

ME 
July 16, 2007 

Primary Examiner 
Art Unit 2823 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 10655.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) Confirmation No.: 9873 
) 
) 
) 

AMENDMENT 

This response is being filed with a Request for Continued Examination and is in reply to 

the Final Office Action mailed July 24, 2007, the period for response having been extended to 

October 24, 2007. Applicants amend the 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: 

U.S. Application No. 10/954,182 
Attorney Docket No. 10655.0016-01 

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

application: 

Claims 1-40 (Canceled). 

Claim 41 (Previously presented): The method of claim 85 wherein the target is a metallic 

target and the process gas includes oxygen. 

Claim 42 (Previously presented): The method of claim 85 wherein the target is a metallic 

target and the process gas includes one or more of a set consisting of N2, NH3, CO, NO, CO2, 

halide containing gasses. 

Claim 43 (Previously presented): The method of claim 85 wherein the target is a ceramic 

target. 

Claim 44 (Canceled). 

Claim 45 (Previously presented): The method of claim 85 wherein the magnetic field i~ 

provided by a moving magnetron. 

Claim 46 (Previously presented) The method of claim 85 further including holding the 

temperature of the substrate substantially constant. 

Claim 47 (Previously presented): The method of claim 85 wherein the process gas 

includes a mixture of Oxygen and Argon. 

Claim 48 (Previously presented): The method of claim 85 wherein the Oxygen flow is 

adjusted to adjust the index of refraction of the film. 

-2-
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U.S. Application No. 10/954,182 
Attorney Docket No. 10655.0016-01 

Claim 49 (Previously presented): The method of claim 85 wherein the process gas 

further includes nitrogen. 

Claim 50 (Previously presented): The method of claim 85 wherein providing pulsed DC 

power to a target includes providing pulsed DC power to a target which has an area larger than 

that of the substrate. 

Claim 51 (Previously presented): The method of claim 85, further including uniformly 

sweeping ~he target with a magnetic field. 

Claim 52 (Previously presented): The method of claim 51 wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction. 

Claim 53 (Previously presented): The method of claim 85 wherein the target is an 

alloyed target. 

Claim 54 (Previously presented): The method of claim 53 wherein the alloyed target 

includes one or more rare-earth ions. 

Claim 55 (Previously presented): The method of claim 53 wherein the alloyed target 

includes Si and AL 

Claim 56 (Previously presented): The method of claim 53 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. 

Claim 57 (Previously presented): The method of claim 53 wherein the alloyed target is a 

tiled target. 

-3-
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U.S. Application No. I0/954, 182 
Attorney Docket No. 10655.0016-01 

Claim 58 (Previously presented): The method of claim 57 wherein each tile of the tiled 

target is formed by prealloy atomization and hot isostatic pressing of a powder. 

Claims 59-61 (Canceled). 

Claim 62 (Previously presented): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a conductive target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein reconditioning the target includes reactive sputtering in the metallic mode and 

then reactive sputtering in the poison mode. 

Claims 63-84 (Canceled). 

Claim 85 (Previously presented): A method of depositing a film on a substrate, 

comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target; 

providing a magnetic field to the target; and 

wherein a material is deposited on the substrate, and an oxide film is formed by reactive 

sputtering in a mode between a metallic mode and a poison mode. 

Claim 86 (Canceled). 

Claim 87 (Previously presented): The method according to claims 62 or 85, further 

including a narrow band-rejection filter that rejects power at an RF frequency, and further 

including 

providing an RF bias to the substrate at the RF frequency. 

-4-
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U.S. Application No. I 0/954, 182 
Attorney Docket No. 10655.0016-01 

Claim 88 (Previously presented): The method according to claim 87, wherein the narrow 

band-rejection filter has a bandwidth of about 100 kHz. 

Claim 89 (Previously presented): The method according to claim 87, wherein the RF 

frequency is about 2 MHz. 

Claims 90-109 (Canceled). 

-5-
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REMARKS 

U.S. Application No. 10/954,182 
Attorney Docket No. 10655.0016-01 

Claims 41-43, 45-58, 62, 85, 87-89, and 93-109 are pending in the above-identified 

application. The Examiner has rejected claims 93-109 and allowed claims 41-43, 45-58, 62, 85 

and 87-89. With this response, Applicants have retained claims 41-43, 45-58, 62, 85 and 87-89, 

and canceled claims 93-109 without prejudice. 

Upon entry of the present amendment, only allowed claims 41-43, 45-58, 62, 85 and 87-

89 will be pending in this application. Applicants retain the right to file the currently rejected 

claims, claims 93-109, in a different continuation application. 

Claim Rejections Under 35 U.S.C. § 103(a) 

Claims 93-109 have been rejected over various combinations of Smolanoff (U.S. Patent 

No. 6,117,279), Moise et al. (U.S. Publication No. 2001/0034106), Chen (U.S. Publication No. 

2004/0077161), and Milonopoulou et al. (U.S. Publication No. 2003/0175142). Without 

agreeing with or acquiescing in the Examiner's analysis of claims 93-109 and the cited art, 

Applicants have canceled claims 93-109. Applicants, therefore, request that the Examiner 

remove this rejection. 

Allowable Subject Matter 

Applicants thank the Examiner for indicating that claims 41-43, 45-58, 62, 85 and 87-89 

are allowable over the prior art. 

-6-
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Conclusion 

U.S. Application No. I 0/954, 182 
Attorney Docket No. 10655.0016-01 

Applicants respectfully request that this Amendment be entered by the Examiner, placing 

claims 41-43, 45-58, 62, 85 and 87-89 in condition for allowance, since the final action by the 

Examiner has indicated that claims 41-43, 45-58, 62, 85 and 87-89 are allowable over the prior 

art. 

In view of the foregoing amendments and remarks, Applicants request the entry of this 

Amendment, the Examiner's reconsideration and reexamination of the application, and the timely 

allowance of the pending claims. 

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

additional required fees to Deposit Account 06-0916. 

Respectfully submitted, 

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

Dated: October 24, 2007 

EXPRESS MAIL LABEL NO. 
EM 100825779 US 

-7-
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PATENT 
Customer No. 22,852 

Attorney Docket No. 10655.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) 
) Confirmation No.: 9873 
) 

NINTH 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 

after the filing of a Request for Continued Examination in the above-referenced application. 

Copies of the listed foreign and non-patent literature documents are attached. A copy of 

the U.S. patents 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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U.S. Application No. 10/954,182 
Attorney Docket No. 10655.0016-0 I 

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 U.S. Patent and Trademark 

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. 

Dated: October 24, 2007 

EXPRESS MAIL LABEL NO. 
EM 100825779 US 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 

By: ~&°j[L.P 
Gal.Ea~ 
Reg. No. 41,008 

-2-
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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 dielecµi.c 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 fiim structure .. For.all of the po.tential, thi~ film. 

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. 

[004J 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 platinum to protect 

the substrate from reaction with the electrode material. Such high heat-treat temperatures are 

incompatible with standard semiconductor or MEM device processing, and limit the choice 

of substrate materials on which the layers can be formed, increasing the cost, and decreasing 

the yield of such devices formed with. the layers. 

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

crystalline material, for example perovskite material and other ceramic oxides, onto a 

substrate. 

SUMMARY 

[006J In accordance with the present invention, deposition of layers in a pulsed-DC 

physical vapor deposition process from a conductive ceramic taiget 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 
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BST films, which can be utilized as the dielectric layer in high specific capacitance devices 

as, for example, de-coupling capacitors, energy storage devices, voltage tunable capacitors, or 

other micro-electronic devices. 

[007] A method of depositing a perovskite or ceramic oxide layer according to some 

embodiments of the present invention includes placing a substrate in a reactor; flowing a 

gaseous mixture, for example argon and oxygen, through the reactor; and applying pulsed

DC power to a targetfonned (j}f conductive perovskite or ceramic oxide material, such as 

BST, positioned ~pposite the substrate. 

[008] In ;some embodiments the perovskite layer can be formed utilizing radio 

frequency (RF) sputtering. The perovskite is deposited by RF sputtering of a wide area target 

in the presence of a sputtering gas under a condition of uniform target erosion. The substrate 

is positioned opposite a planar target formed of perovskite, for example BST, the area of the 

target being larger than the area of the substrate. A central area of the target of the same size 

as the substrate and overlying the substrate is exposed to a uniform plasma condition, which 

pro_vides a e<;>nditjg]J. 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. 
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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 

he formed. 

[011) In some embodiments the perovskite layer fonned on the substrate is later 

annealed. The anneal temperature can be as low as 400°C for low temperature anneal, and 

higher forperovskite 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 electrode 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 iridil.Uil 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 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 tC illustrates an RF sputtering deposition apparatus. 

[019] Figure 2 shows an example of a target that can be utilized in the reactor 

illustrated in Figures lA, 1B~ and 1 C. 

[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 mask 

arrangement that can be utilized in the deposition of dielectric perovskite layers, for example 

BST films, deposited according to some embodiments of the present invention. 

[022] Figure 5 illustrates a cluster tool that can be utilized to form batteries with 

dielectric perovskite layers deposited according to some embodiments of the present 

invention. 

[023] Figure 6 illustrates an example of stacked capacitor structure with dielectric 

perovskite layers deposited according to some embodiments. 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. 

6 

Page 922 of 1053



WO 2007/027535 PCT/US2006/033315 

Preparation of targets is described in U.S. Patent Application Serial No. 10/101,341, entitled 

"Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar Applications," to Vassiliki 

Milonopoulou, et al., filed on March 16, 2002. U.S. Patent Application Serial No. 

10/101,863 and U.S. Patent Application Serial No. 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 processes similar to those specifically described in U.S. 

Patent No. 6,506,289 and U.S. Application Serial No. 10/101,863. 

[028] 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 10 

may, for example, be adapted from an AKT-1600 PVD (400 X 500 mm substrate size) 

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

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

deposition chambers connected by a vacuum_transport chamber .. These AKT reactors·can be· 

modified such that pulsed DC 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 perfonned by apparatus 10, 

the polarity of the power supplied to target 12 by power supply 14 oscillates between 

negative and positive potentials. During the positive period, the insulating layer on the 

surface of target 12 is discharged. To obtain arc free deposition, the pulsing frequency 

exceeds a critical frequency that can depend on target material, cathode current and reverse 

time. High quality films can be made using reactive pulse DC magnetron sputtering as 

shown in apparatus 10. 

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

an AE Pinnacle plus lOK by Advanced Energy, Inc. Wi.th this DC power supply, up to 10 

kW of pulsed DC power ·can be supplied at a frequency of between O and 350 kHz. The 

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 O and 5 µs. 

[032] Filter 15 prevents the~ ~ias power from power supply 18 from couplin~ into 

pulsed DC power supply 14. In some embodiments, power supply 18 can be a 2 MHz RF 

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

[033] In some embodiments, filter 15 can be a 2 MHz sinusoidal band rejection 

filter. In some embodiments, the band width of the :filter can be approximately 100 kHz. 

Filter 15, therefore, prevents the 2 MHz power from the bias to substrate 16 from damaging 

power supply 14 while allowing the full bandwidth of the pulsed DC power supply to pass 

filter 15. 

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

structures. Columnar structures can be detrimental to thin film applications such as barrier 

films and dielectric films, where high density is important, due to the boundaries between the 
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columns. The columns act to lower the dielectric strength of the material, but may provide 

diffusion paths for transport or diffusion of electrical current, ionic current, gas, or other 

chemical agents such as water. 

[035] In the 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 

9fless 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 rso 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. 1 C. Apparatus 30 

includes an RF power supply 60 coupled to wide area sputter source target 12 which provides 

material to be deposited on substrate 16. Substrate 16 is positioned parallel to and opposite 

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

equivalently termed the cathode. In the present disclosure, target 12 can be formed from a 

perovskite material, for example BST, for deposition of dielectric perovskite film. Substrate 

16 is a solid, smooth surface. Substrate 16 typically is supported on a holder or carrier sheet 

17 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 unifonn deposition is accomplished. Secondly, a central region on target 12, 

overlying the substrate 16, can be provided with a very unifonn condition of sputter erosion 

of the target material. Uniform target erosion is a consequence of a uniform plasma 

condition. In the following discussion, all mention ofunifonn condition of target erosion is 

taken to be equivalent to unifonn plasma condition. Uniform target erosion is evidenced by 

the persistence of film uniformity throughout an extended target life. A 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 nonunifonnity 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 caµ be created in the region between the · 

target and the substrate overlying the substrate. The region of uniform plasma condition is 

indicated in the exploded view of FIG. IB. A plasma is created in the region denoted 51, 

which extends under the entire target 12. The central region of the target 52 experiences the 

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

substrate placed anywhere below ·central region 52 will have uniform film thickness. 

[039] In addition, the region in which deposition provides uniform film thickness is 

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

properties such as chemical composition or index of refraction. In the present invention the 

target can be planar or appr~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 lB that is exposed to a uniform plasma 

condition. In some implementations, carrier 17 can be c_oextensive with region 52. Region 

24 shown in Figure 2 indicates the area below which both physically and chemically uniform 

deposition can be achieved, for example where physical and chemical uniformity provide 

refractive index uniformity. Figure 2 indicates region 52 of target 12 that provides thickness 

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

chemical uniformity to the deposited film. In optimized processes, however, regions 52 and 

24 may be coextensive. 

[041] In some embodiments, magnet 20 extends beyond area 52 in one direction, for 

example the Y direction in Figure 2, so that scanning is necessary in only one direction, for 

example the X direction, to provide a time averaged w:riform magnetic field. As shown in · 

Figures IA and IB, magnet 20 can be scanned over the entire extent of target 12, which is 

larger than region 52 of uniform sputter erosion. Magnet 20 is moved in a plane parallel to 

the plane of target 12. 

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

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

properties of the film deposited can be highly uniform. The conditions of sputtering at the 

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

target surface and the equilibration of the target surface with the gas phase ambient of the 

process are uniform over a region which is greater than or equal to the region to be coated 

with a uniform film thickness. In addition, the region of uniform film thickness is greater 
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than or equal to the region of the film which is to have highly uniform optical properties such 

as index of refraction, density, transmission, or absmption. 

[043J 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 be~~ adjacent ones of tiles 30. The distance between tiles of target 12 and the dark 

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

contact assembly or to provide for 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 concentrations). In 

addition, in region 52 the deposition provides uniformity of deposited film that can be larger 
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than the area in which the deposition provides a film with uniform physical or optical 

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

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

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

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

planar surface. 

[046] Reactive gases that provide a constant supply of oxygen to keep the target 

surface oxidized can be provided to expand the process window. Some examp!es of the gases 

that can be utilized for controlling surface oxidation are Oi, water vapor, hydrogen, N20, 

fluorine, helium, and cesium. Additionally, a feedback control system can be incorporated to 

control the oxygen partial pressure in the reactive chamber. Therefore, a wide range of 

oxygen flow rates can be controlled to keep a steady oxygen partial pressure in the resulting 

plasma. Other types of control systems such as target voltage control and optical plasma 

emission control systems can also be utilized to control the surface oxidation of the target. In 

some embodiments, power to target 12 can be.controlled in a feedback loop at supply 14. 

Further, oxygen partial pressure controller 20 can control either oxygen 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. In some 

embodiments, the dielectric layer 302 can be patterned in various ways before deposition of a 

·-
substrate 301. In 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 capatjtor 

would provide higher capacitance and higher energy storage than single layer devices with a 

smaller surface area. Additionally, a capacitor with a lower inductance can be obtained. 

[048] In accordance with the present invention, perovskite films can be deposited on 

substrate 302 with a pulsed-DC biased PVD system as was described above. In particular, an 

AKT 1600 PVD system can be modified to provide an RF bias and an Adyanced.Energy 

Pinnacle plus 1 OK pulsed DC power supply can be utilized to provide power to a target. The 

pulsing frequency of the power supply can vary from about O to about 350 KHz. The power 

output of the power supply is between O and about 10 kW. 

(049] A target of Barium Strontium Titanate with resistivity in the range ofless than 

about megaohms can be utilized with high rate pulsed-de sputtering. As discussed above, the 

target can be mounted on a monolithic backing plate as described in U.S. Provisional 

Application {Attorney Docket No. 09140.60131, filed on August 26, 2005, which is also 

herein incorporated by reference in its entirety. 

[050] In general, target 12 can be a dielectric material having a resistivity ofless 

than about a megaohm, and therefore can be described as a conducting ceramic target. Target 
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12, which is formed of a dielectric perovskite material that may not be inherently conducting, 

is made conducting by formulation so as to contain an excess of metallic composition or by 

addition of a dopant that provides ·sufficient conductivity. Examples of suitable dopants 

include boron, antimony, arsenic, phosphorous, or other dopants. In the example of a BST 

target, the sintering process can be conducted in the presence of a reducing ambient to 

achieve a sufficiently conductive target material. Utilization of a conducting ceramic target 

material can be sputtered at high rates utilizing reactive pulsed-DC techniques so as to form 

dense stoichiometric dielectric films. 

[051] Gas flows containing Oxygen and Argon can be utilized. In some 

embodiments, the Oxygen to Argon ratio ranges from O to about 50% with a total gas flow of 

between about 60 to about 80 seem. The pulsing frequency ranges from about 200 kHz to 

about 350 kHz during deposition. RF bias can also be applied to the substrate. In many 

trials, the deposition rates varied from about 2 Angstrom/(kW sec) to about I Angstrom/(kW 

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

[052] Fi~e 31\ illustrates a layer <;>f perovskite material 302 deposited on a thin· 

substrate 301 according to some embodiments of the present invention. Substrate 301 can be 

formed of a thin metallic sheet ( e.g., copper, titanium, stainless steel, or other suitable thin 

metallic sheet), can be formed of a high temperature plastic material, or may be formed of a 

ceramic, glass, or polymer material. 

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

substrate during deposition. Figures 4A, 4B, 4C, and 4D illustrate a reusable fixture 400 for 

holding a thin film substrate. AB 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 401 is closed into bottom portion 

402. Substrate 301 can be easily held by fixture 400 so that substrate 301 can be handled and 

positioned. In some embodiments, the comers of substrate 301, areas 403, are removed so 

that substrate 301 is more easily stretched by avoiding "wrap-around" comer clamping 

effects when top portion 401 is closed into bottom portion 402. 

[054] .M. shown in Figure 4C, a mask 412 can be attached to fixture 400. In some 

embodiments, fixture 400 includes guides in order to align 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 Figur~ 1~ and lR F'.i~ture 400 and. 

· mask 412 can have features that allow for ready alignment with respect to each other and 

with respect to mount 410. In some embodiments, mask 412 is resident in the processing 

chamber and aligned with fixture 400 during positioning of fixture 400 on mount 410, as 

shown in Figure 4D. 

[056] Utilizing fixture 400 as shown in Figures 4A, 4B, 4C, and 4D allows 

processing of a thin film substrate in a processing chamber. In some embodiments, thin film 

substrates can be about 1 µm or more. Further, thin film substrate 301, once mounted within 

fixture 400, can be handled and moved from process.chamber to process chamber. 

Therefore, a multiprocessor chamber system can be utilized to form stacks of layers, 
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including one or more layers of perovskite film deposited according to embodiments of the 

present invention. 

[057] Figure 5 illustrates a cluster tool 500 for processing thin film substrates. 

Cluster tool 500 can, for example, include load lock 502 and load lock 503, through which 

mounted thin film substrate 301 is loaded and a resultant device is removed from cluster tool 

500. Chambers 504, 505, 506, 507, and 508 are processing chambers for depositions of 

materials, heat treatments, etching, or other processes. One or more of chambers 504, 505, 

506, 507, and 508 can be a pulsed-DC or RF PVD chamber such as discussed above with 

respect to Figures IA, lB, and 1 C 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 chambers 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 embodiI11:e~ts of the present invention. The wafer .can then be moved to 

chamber 506 where the next electrode layer 304 of thickness of about 0.1 µm or more is 

deposited. A second capacitor stack can then be deposited over the first capacitor stack 

formed by first electrode layer 303, perovskite layer 302, and second electrode layer 304. 

This capacitor stack includes second perovskite layer 305 and third electrode layer 306. In 

some embodiments, further stacks can be formed. In some embodiments, metal layers 303, 

304, and 306 differ in the mask utilized in deposition so that tabs are formed for electrical 

coupling oflayers. 

[063] As discussed above, any number of individual capacitor stacks can beformed 

· 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 to the pre.sent invention. In these examples, the BST film is 

deposited using an AKT -1600 PVD ( 400 X 500 mm sub~ate 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 ills or less. The target material 

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

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

Si, Ir, Pt, Ir02 and also T1t07, Ti305, Nb, Os. The Oxygen to Argon ratio ranges from O 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 range. from 13 to 123 and increases 

after post-deposition anneal to more than I 000. 

[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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0 

: 

Example# 

BST2 

BST3 

BST3-N++ 550c 

IBST-Pt-1 

IBST Pt- I 550C 

BST-n++-4 

1BST-n++550c 

IBST-Ir02-l . 

1BST-Ir02-I 750C 

BST-Pt-2 

IBST-Pt-2 650C 

BST-Pt-3 

IBST-Pt-3 550 

IBSTir02-2 

BST Ir02-2 550 

IBST Ir02-2 650 

IBST Ir02-2 750 . 

_ IBST Pt l step 

BST Ir 1 step . 

· BST Ir02 1 step 

IBST Pt 2 steps 

IBST.Ir 2 steps 

BST Ir02 2 steps 

Film 
Thickness 

(nm) 

3679 

3736 

3736 

2282 

2282 

2282 

2282 

2310 

2310 

2310 

2310 

2199 

2199 

2199 

· 2199 

2199 

·- 2199 

· 2918 

2918 

2918 

1689 

1689 

1689 

Target Power Bias Power 
(W)r (W) Ar/02Ratio 

1500 100 50/50 

1500 · 100 50/50 

1500 · 100 

1500 100 50125 

1500 100 

1500 100 50/25 

1500 100 

1500 100 , 50/25 

50/25 

1500 100 50/25 

1500 .100 : 75/25 

1500 .100 75/25 

1500 100 . 75/25 

1500 100 75/25 

1500 100 · 75/25 

75/25 

2000 . 0 50/50 · 

2000 0 '50/50 

2000 0 :so150 

2000 · 0 100/0-50/50 

2000 ·o l 00/0-50/50 

2000 0 100/0-50/50 

TABLE 1 

Vbd Ebd C (PF) 

157 4.267464 167 

150 · 4.014989 168 

40 1.070664 1670 

47 2.059597 299.5 

16 0.701139 5722 

120 5.258545 274 

· 30 l.31463l 1970 

100 4.329004 296.2 

2.4 0;103896 17700 

100 - 4.329004 319 

9.4 0.406926 9750 

7 0.318327 2580 

11.2 0.509322 10740 

16.7 0.759436 378 

. 1.4 0.063665 10400 

6.9 0.313779 11000 

1.4 0.063665 21950 

1239 

1180 

567 

1220 

1230 

684 

Dielectric 
Constant 

13.35 

13.64 

135.57 

, 14.85 

283.74 

13.59 

97.69 

· 14.87 

88.8.46 

16.01 

489.41 

123.28 

513.20 

18.06 

496.Q5 

525.62 

1048.85 

78.56 

74.82 

· 35.95 

44.78 

45.14 

25.10 

~ 
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~ 
= -..,I 
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Tablell 

Sample# thickness target power bias power· Ar/02 dep time 
Vbd 

(sec) 

ALDOEN++-1 840.4 70 
840.4 

ALDOEN++-2 5767.2 

experiment 109 1000 
840 75 

ebonex,BST (A) 1140 900 100 3600 
Ir Coated #2 2220 900 0 50/50 5400 

2220 
ts.) .... Ir02 Coated #2 2220 900 0 50150 . 5400 

2220 · 

N++(l) 222!) 900 0 5400 12 
N++(2) 840 900 100 50/50 5400 10 
N++(3) can't meas 900 200 5400 
N++(4) 1490 900 · 100 50/25 5400 

Ti407 (A) 910 900 50150 
910 
910 

Ti407 (B) 1490 50/25. 
1490 

1000 sec no 
It# 3 650 900 rhias/ 4400sec 50/50 5400. 

bias SOW 

Ebd C(PF) Dielectric 
Constant, k 

8.329367 380 6.939418 
377 6.884633 
60.5 7.581825 
1200 0 
1200 26.07562 

8.928571 405 7.392438 
0 0 
0 508 24.50587-

0 365 17.60756 9 
o. 

0.540541 290 13.98957 12 

1.190476 982 17.92438 10 
377 

0 242 7.835289 
0 3030 59.91525 

2962 58.57062 
2860 56.55367 

0 1988 64.36593 
2048 66.30856 

very leaky 

Vbd(V) C(PF) 

16800 
5000 

21530 
0.405 ·22000 

20000 
19000 
9000 
2512 
2675 

537 
450 

314 

Dielectric 
Constant, k 
(after 500C0 

anneal) 

810.4302 

1038.605 
1061-.278 
964.7979 

121.1786 
48.8266 

17.38657 
8.898305 

10.16645 

~ 
0 
hi 
Q 
Q ..... 
Q 
hi ..... 
UI 

~ 

>tj 
(".l 

g 
00 
hi 
Q 
Q 
Q'I 
Q 
I.H 

"f.H 
I.H 
~ 
UI 
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N 
N 

Ir#4 

Ir#5 

Ir02 (Tsub=450c) 

n++ (6)(Tsub=450c) 

n++ (7) (room) 

n++(8) (room) 

n++ (9) (room) 

n++ (10) (room) 

870 900 

2000 900 

2000 900 

2000 

934 900 

2541 900 

2504 900 

10000 

5000 

500 sec no 
bias/ 4900 50/50 5400 

sec 50w bi.as 

1500sec·no 
bias/5700 sec 50/50 7200 

50Wbias 

·no bias 50/50 5400 

75 wbias 50/50 7200 

no bias 50/50 5400 

75 wbias . 50/50 7200 

75 wbias 50/50 28800 

75wbias 50/50 14400 

very leaky 

very leaky 

10 0.5 1390 60.40852 10 

12 1.284797 870 17.65711 12 

219 13 

224 12.18809 22 

58 · 12.60322 55. 

5972 259.5393 

6021 261.6688 

2857 57.98431 

0.512 2210 122.0254 

0.879 2218 120.6839 

0.55 954.7 207.4533 

~ 
0 
N 
C> = 
~ 
-.I 

~ 
tll 

~ 
~ 

~ 
r.n 
N 

! w 
IN w .... 
tll 
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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 perovskite material positioned 

opposite the substrate. 

2. The method of claim 1, wherein providing power to the conducting target includes 

applying pulsed-DC power to the conducting target. 

3.· The method of claim 2 further including filtering the pulsed-DC power to protect a 

pulsed DC power supply :from a bias power while allowing passage of the 

pulsed DC power through the filter. 

4. : The method of claim 2, further including supplying an RF bias power to the substrate. 

5. The method of claim 1, wherein providing power to the conducting target includes 

applying RF power to the conducting target 

6.- The method of claim 1, wherein a perovskite layer is formed on the substrate. 

7. The method of claim 6, wherein the perovskite layer is a barium strontium titanite 

{BST) layer. 

8. The method of claim 6, wherein the formed perovskite layer is more than about 0.1 

micron thick. 

9. The method of claim 6 wherein the formed perovskite layer is less than about 1 

micron thick. 

10. The method of claim 6, further comprising annealing the perovskite layer formed on 

the_ subs~te. 

23 

Page 939 of 1053



WO 2007/027535 PCT/US2006/033315 

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. __ Themethod_of claim 17 wherein aleveLofManganese in the target is atJ~t 0.1%.-. 

19. The method of claim 1, wherein the perovskite target is a conductive target. 

20. A capacitor structure, comprising: 

a first conducting electrode layer, 

a dielectric perovskite layer deposited over the first conducting electrode 

layer; and 

a second conducting electrode layer deposited over the dielectric perovskite 

layer. 

21. The capacitor of claim 20, wherein the first conducting layer is a copper sheet. 

22. A stacked capacitor structure, comprising: 
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one or more capacitor stacks deposited on a substrate, wherein each capacitor 

stack comprises: 

a bottom electrode layer, 

a dielectric perovskite layer deposited over the electrode layer, and 

a top electrode layer deposited over the one or more capacitor stacks. 

23. The stacked capacitor structure of claim 22, wherein the capacitor stacks form a 

parallel stacked capacitor structure. 

24. The stacked capacitor structure of claim 22, wherein the capacitor stacks form a series 

stacked capacitor structure. 

25. A method of producing a capacitor, comprising: 

loading a substrate into a cluster tool; · 

depositing a dielectric perovski.te layer over a substrate in a chamber of the 

cluster tool. 

26. The method of claim 25, wherein depositing the dielectric perovski.te layer includes 

d~ositing per~vski.te film.with a pulsed-DC PVD process. 

27. The method of claim 25, wherein depositing the dielectric perovskite layer includes 

depositing perovski.te film with an RF sputtering PVD process. 

28. The method of claim 25, wherein depositing the dielectric perovskite layer includes 

depositing the perovskite material through a mask. 

29. The method of claim 25, further including 

depositing a bottom electrode layer on the substrate wherein the dielectric 

perovskite layer is .deposited over the bottom electrode fayer. 

31. The method of claim 25, further including depositing a top electrode layer over the 

dielectric perovskite layer. 

32. A fixture for holding a thin substrate, comprising: 
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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. 
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Office Action Summary 

Application No. 

10/954,182 

Examiner 

Michelle Estrada 

Applicant{s) 

ZHANG ET AL. 

Art Unit 

2823 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1 )!2l Responsive to communication(s} filed on 24 October 2007. 

2a}O This action is FINAL. 2b)!2] This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)(2] Claim(s) 41-43.45-58,62,85 and 87-89 is/are pending in the application. 

4a} Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s} __ is/are allowed. 

6)(2] Claim(s) 41-43,45-58.62.85 and 87-89 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) fifed on __ is/are: a}O accepted or b}O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 {d). 

11 }0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a}-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) !2J Notice of References Cited (PT0-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 
3) 0 Information Disclosure Statement(s) (PTO/SB/08) 

Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) D Other: __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20071109 
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Application/Control Number: 
10/954, 182 
Art Unit: 2823 

DETAILED ACTION 

Claim Rejections -35 USC§ 103 

Page 2 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 62 and 87-89 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Smolanoff et al. (6,117,279) in view of Fu et al. (6,306,265). 

With respect to claims 62, Smolanoff et al. disclose providing pulsed DC power 

(21) between a target (16) and a substrate (Col. 5, lines 50-55); providing process gas 

between the target and the substrate (Col. 7, lines 25-28). 

Smolanoff et al. do not clearly disclose reconditioning the target; and wherein 

reconditioning the target includes reactive sputtering in the metallic mode and then 

reactive sputtering in the poison mode. 

Fu et al. disclose wherein conditioning the target includes sputtering with the 

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

target in a poisonous mode to prepare the surface (Col. 19, lines 35-40). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al. and Fu et al. to enable the conditioning step of 

Smolanoff et al. to be performed according to the teachings of Fu et al. because one of 

ordinary skill in the art would have been motivated to look to alternative suitable 

methods of performing the disclosed conditioning step of Smolanoff et al. and art 
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recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

Re claim 87, providing RF bias power to a substrate (15) positioned opposite the 

target (Col. 5, lines 60-65). Using an specific_ type of filter is a matter of design choice 

depending on the quality of product needed, and it is obvious that the filter is going to 

work at certain frequencies. Furthermore, the limitation "the filter is a band rejection 

filter at a frequency of the bias power" is a structural limitation in a method claim, so no 

matter what filter is used, as long as the same result is achieved, as explained above. 

Re claims 88 and 89, One of ordinary skill in the art would have been led to the 

recited bandwith and frequency through routine experimentation to achieve a desired 

device associated characteristics and rate of sputtering. 

In addition, the selection of the bandwith and frequency, its obvious because it is 

a matter of determining optimum process conditions by routine experimentation with a 

limited number of species of result effective variables. These claims are prima facie · 

obvious without showing that the claimed ranges achieve unexpected results relative to 

the prior art range. In re Woodruff, 16 USPQ2d 1935, 1937 (Fed. Cir. 1990). See also 

In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 1996)(claimed ranges or a result 

effective variable, which do not overlap the prior art ranges, are unpatentable unless 

they produce a new and unexpected result which is different in kind and not merely in 

degree from the results of the prior art). See also In re Boesch, 205 USPQ 215 (CCPA) 
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(discovery of optimum value of result effective variable in known process is ordinarily 

within skill or art) and In re Aller, 105 USPQ 233 (CCPA 1995) (selection of optimum 

ranges within prior art general conditions is obvious). 

Note that the specification contains no disclosure of either the critical nature of 

the claimed bandwith and frequency or any unexpected results arising therefrom. 

Where patentability is said to be based upon particular chosen bahdwith and frequency 

or upon another variable recited in a claim, the Applicant must show that the chosen 

bandwith and frequency are critical. In re Woodruf, 919 F.2d 1575, 1578, 16 USPQ2d 

1934, 1936 (Fed. Cir. 1990). 

Claims 41, 45, 47, 49, 51, 52 and 85 are rejected under 35 U.S.C.103(a) as 

being unpatentable over Smolanoff et al. in view of Fu et al. as applied to claims 62 and 

87-89 above, and further in view of Li et al. (NPL provided in this office action). 

Re claim 85, The combination of Smolanoff et al. and Fu et al. does not disclose 

forming an oxide film by reactive sputtering in a mode between a metallic mode and a 

poison mode. 

Li et al. disclose changing from metallic mode to poison mode (page 5, fig. 3) and 

while a current of oxygen is present due to RF power producing O radicals which can 

oxidize the target (page 6). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Fu et al. and Li et al. to enable the oxide formation 

step of Li et al. to be performed in the process or Smolanoff and Fu to oxidize the target 
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away from the sputtering track and therefore raises the secondary electron component 

of current. 

Re claim 41, Li et al. disclose wherein the target is a metallic target and the 

process gas includes oxygen (abstract) 

Re claim 45, Smolanoff et al. disclose wherein the magnetic field is provided by a 

moving magnetron (Col. 5, lines 39-49}. 

Re claim 47, Smolanoff et. al. disclose wherein the process gas includes a 

mixture of oxygen and argon (Col. 7, lines 22-27). 

Re claim 49, Smolanoff et al. disclose wherein the process gas further includes 

nitrogen (Col. 7, lines 25-26). 

Re claim 51, Smolanoff et al. disclose further including uniformly sweeping the 

target with a magnetic field (Col. 6, lines 1-6). 

Re claim 52, Smolanoff et al. disclose wherein sweeping the target with a 

magnetic field includes sweeping a magnet in one direction across the target where the 

magnet extends beyond the target in the opposite direction (Col. 6, lines 1-6). 

Claims 42, 48 and 50 are rejected under 35 U.S.C. 103(a} as being unpatentable 

over Smolanoff et al. in view of Fu et al. and Li et al. as applied to claims 41, 45, 47, 49, 

51, 52 and 85 above, and further in view of Chen et al. (2004/0077161 ). 

Re claim 42, The combination of Smolanoff et al., Fu et al. and Li et al. does not 

disclose wherein the target is a metallic target and the process gas includes N2. 
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Chen et al. disclose wherein the target is a metallic target and the process gas 

includes N2 (Page 2, [0028] and [0030]. 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff, Fu, Li and Chen to enable the reactive gas step of the 

combination to be add nitrogen according to the teachings of Chen et al. because one 

of ordinary skill in the art would have been. motivated to look to alternative suitable 

methods of performing the disclosed reactive gas step of the combination and art 

recognized suitability for an intended purpose has been recognized to be motivation to 

combine. See MPEP 2144.07. 

Re claim 46, Chen et al. disclose further including holding the temperature of the 

substrate substantially constant (Page 3, Paragraph [0046]). 

Re claim 48, Chen et al. disclose wherein the oxygen flow is adjusted by the 

mass flow controllers; thereby it will adjust the index refraction of the film. 

Re claim 50, Chen et al disclose wherein providing pulsed DC power to a target 

includes providing pulsed DC power to a target, which has an area larger than that of 

the substrate (See fig. 3). 

Claims 43 and 53-58 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Smolanoff et al. in view of Fu et al. and Li et al. as applied to claims 41, 45, 47, 49, 

51, 52 and 85 above, and further in view of Milonopoulou et al. (2003/0175142). 

Re claim 43, the combination of Smolanoff et al., Fu et al. and Li et al. does not 

disclose wherein the target is a ceramic target. 
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Milonopoulou et al. disclose forming a coating layer on a substrate; providing a 

target (12), which is ceramic (Abstract). 

It would have been within the scope of one of ordinary skill in the art to combine 

the teachings of Smolanoff et al., Fu et al., Li et al. and Milonopoulou et al. to enable the, 

target material of the combination to be the same according to the teachings of 

Milonopoulou et al. because one of ordinary skill in the art would have been motivated 

to look to alternative suitable target materials of the disclosed target of the combination 

and art recognized suitability for an intended purpose has been recognized to be 

motivation to combine. See MPEP 2144.07. 

Re claim 53, Milonopoulou et al. disclose wherein the target is an alloyed target 

(Abstract). 

Re claim 54, Milonopoulou et al. disclose wherein the alloyed target includes one or 

more rare earth ions. 

Re claim 55, Milonopoulou et al. disclose wherein the alloyed target includes Si and 

Al. 

Re claim 56, Milonopoulou et al. disclose wherein the alloyed target includes one or 

more elements taken from a set consisting of Si, Al, Er and Yb. 

Re claim 57, Milonopoulou et al. disclose wherein the alloyed target is a tiled target. 

Re claim 58, Milonopoulou et al. disclose wherein each tiled target is formed by pre

alloy atomization and hot isostatic pressing of a powder (Page 2, Paragraph [0020]). 
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Conclusion 

. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday. 

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

supervisor, Matthew Smith can be reached on 571-272~1907. The fax phone number 

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

Any inquiry of a general nature or relating to the status of this application or 

proceedin_g should be directed to the receptionist whose telephone number is 571-272-

2800. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval {PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center {EBC) af 866-217-9197 (toll-free). 

ME 
November 9, 2007 

Primary Examiner 
Art Unit 2823 

Page 962 of 1053



. 
Application/Control No. Applicant(s)/Patent Under 

Reexamination 
10/954,182 ZHANG ET AL. . Notice of References Cited 
Examiner Art Unit 

Michelle Estrada 2823 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name Classification Country Code-Number-Kind Code MM-YYYY 

A US-

B US-

C US-

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Country Code-Number-Kind Code MM-YYYY Name Classification 

N 

0 -
p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u Li, Ning et al., "Enhancement of aluminum oxide physical vapor deposition with a secondary plasma", November 28, 2001, 
Scien Direct, pages, 1-11. 

V 

w 

X 

* A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PT0-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20071109 

Page 963 of 1053



Appl!cation/Control No. Applicant{s)/Patent Under 
Reexamination 

Index of Claims 10954182 ZHANG ET AL. 

111 111 1111 111 II 11 111 

Examiner Art Unit 

Estrada, Michelle 2823 

../ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIM DATE 
Final Original 07/16/2007 11/09/2007 

1 - -

2 - -

3 - -
4 - -
5 - -
6 - -
7 - -
8 - -
9 - -
10 - -
11 - -

. 12 - -
13 - -
14 - -
15 - -
16 - -
17 - -
18 - -
19 - -
20 - -
21 - -
22 - -
23 - -
24 - -
25 - -
26 - -
27 - -
28 - -
29 - -
30 - -

. 31 - -
32 - -
33 - -
34 - -
35 - -
36 - -

U.S. Patent and Trademark Office Part of Paper No. : 20071109 

Page 964 of 1053



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 10954182 ZHANG ET AL. 

II 111 11 11 Ill II 11 111 
Examiner Art Unit 

Estrada, Michelle 2823 

./ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIM DATE 
Final Original 07/16/2007 11/09/2007 

37 - -
38 - -
39 - -
40 - -
41 = ,/' 

42 = ./ 

43 = ,/' 

44 - -
45 = ,/' 

46 = ./ 

47 = ./ 

48 = ./ 

49 = ./ 

50 = ,/' 

51 = ./ 

52 = ,/' 

53 = ./ 

54 = ,/' 

55 = ,/' 

56 = ,/' 

57 = ./ 

58 = ,/' 

59 - -
60 - -
61 - -
62 = ./ 

63 - -
64 - -
65 - -
66 - -
67 - -
68 - -
69 - -
70 - -
71 - -
72 - -

U.S. Patent and Trademark Office Part of Paper No. : 20071109 

Page 965 of 1053



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 10954182 ZHANG ET AL. 

111 Ill II II Ill II II I I Examiner Art Unit 

Estrada, Michelle 2823 

,/ Rejected Cancelled N Non-Elected A Appeal 

= Allowed · Restricted Interference 0 Objected 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIM DATE 
Final Original 07/16/2007 11/09/2007 

73 - -
74 - -
75 - -
76 - -
77 - -
78 - -
79 - -
80 - -
81 - -
82 - -
83 - -

84 - . -
85 = ./ 

86 - -
87 = ./ 

88 = ./ 

89 = ./ 

90 - -
91 - -
92 - -
93 ./ -
94 ./ -
95 ./ -
96 ./ -
97 ./ -
98 ./ -
99 ./ -
100 ./ -
101 ./ -
102 ./ -
103 ./ -
104 ,/ -
105 ,/ -
106 ,/ -
107 ./ -
108 ,/ -

U.S. Patent and Trademark Office Part of Paper No. : 20071109 

Page 966 of 1053



Application/Control No. Applicant(s}/Patent Under , 
Reexamination 

Index of Claims 10954182 ZHANG ET AL. 

111 111 11 11 II 11 11 II 
Examiner Art Unit 

Estrada, Michelle 2823 

./ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIM DATE 
Final I Original 07/16/2007 I 11/09/2007 I I I I I I I 

I 109 ./ I - I I I I I I I 

U.S. Patent and Trademark Office Part of Paper No. : 20071109 

Page 967 of 1053



- Application/Control No. Applicant{s)/Patent Under 
Reexamination 

Search Notes 10954182 ZHANG ET AL. 

111 111 1111 111 II 11 111 

Examiner Art Unit 

Estrada, Michelle 2823 

SEARCHED 

Class Subclass Date Examiner 
Updated as 11/6/07 ME 
before 
257 E23.132,E21.091,E21.169,E21.2,E21.462 11/6/07 ME 

SEARCH NOTES 

Search Notes Date Examiner 
See East search attached 11/6/07 ME 
google search 11/5/07 ME 

INTERFERENCE SEARCH 

Class I Subclass I Date I Examiner 
I I I 

U.S. Patent and Trademark Office Part of Paper No. : 20071109 

Page 968 of 1053



PATE~ 
Customer No. 22,85 

Attorney Docket No. 10655.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Hongmei ZHANG et al. 

Application No.: 10/954,182 
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For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: Michelle ESTRADA 
) 
) 
) 
) Confirmation No.: 9873 
) 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

In reply to the Office Action mailed November 15, 2007, please amend the 

above-identified application as follows: 

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

on page 2. 

Remarks/ Arguments follow the amendment sections of this paper beginning on page 7. 

Attachments to this amendment include: Copies of referenced articles by P.F. Cheng 

et al., J. Vac. Sci. Techol. B 13 2 (1995), pp. 203-208, and S. M. Rossnagel et al., Appl. Phys. 

Lett. 63 (1993), p. 24. 
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AMENDMENTS TO THE CLAIMS: 

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

application: 

Claims 1-40 (Canceled). 

Claim 41 (Previously presented): The method of claim 85 wherein the target is a metallic 

target and the process gas includes oxygen. 

Claim 42 (Previously presented): The method of claim 85 wherein the target is a metallic 

target and the process gas includes one or more of a set consisting of N2, NH3, CO, NO, CO2, 

halide containing gasses. 

Claim 43 (Previously presented): The method of claim 85 wherein the target is a ceramic 

target. 

Claim 44 (Canceled). 

Claim 45 (Previously presented): The method of claim 85 wherein the magnetic field is 

provided by a moving magnetron. 

Claim 46 (Previously presented) The method of claim 85 further including holding the 

temperature of the substrate substantially constant. 
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Claim 47 (Previously presented): The method of claim 85 wherein the process gas 

includes a mixture of Oxygen and Argon. 

Claim 48 (Previously presented): - --- method of claim 85 wherein the Oxygen flow is 

adjusted to adjust the index of refraction of the flm. 

Claim 49 (Previously presented): The method of claim 85 wherein the process gas 

further includes nitrogen. 

Claim 50 (Previously presented): The method of claim 85 wherein providing pulsed DC 

power to a target includes providing pulsed DC power to a target which has an area larger than 

that of the substrate. 

Claim 51 (Previously presented): The method of claim 85, further including uniformly 

sweeping the target with a magnetic field. 

Claim 52 (Previously presented): The method of claim 51 wherein uniformly sweeping 

the target with a magnetic field includes sweeping a magnet in one direction across the target 

where the magnet extends beyond the target in the opposite direction. 

Claim 53 (Previously presented): The method of claim 85 wherein the target is an 

alloyed target. 

-3-
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Claim 54 (Previously presented): The method of claim 53 wherein the alloyed target 

includes one or more rare-earth ions. 

Claim 55 (Previously presented): The method of claim 53 wherein the alloyed target 

includes Si and Al. 

Claim 56 (Previously presented): The method of claim 53 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. 

Claim 57 (Previously presented): The method of claim 53 wherein the alloyed target is a 

tiled target. 

Claim 58 (Previously presented): The method of claim 57 wherein each tile of the tiled 

target is formed by prealloy atomization and hot isostatic pressing of a powder. 

Claims 59-61 (Canceled). 

Claim 62 (Currently amended): A method of depositing a film on [[a]] an insulating 

substrate, comprising: 

providing a process gas between a conductive target and [[a]] the substrate; 

providing pulsed DC power to the target through a narrow band rejection filter such that 

the target alternates between positive and negative voltages; 

-4-
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providing an RF bias at a frequency that corresponds to the narrow band rejection filter to 

the substrate; 

providing a magnetic field to the target; and 

reconditioning the target; 

wherein reconditioning the target includes reactive sputtering in the metallic mode and 

then reactive sputtering in the poison mode. 

Claims 63-84 (Canceled). 

Claim 85 (Currently amended): A method of depositing [[a]] an insulating film on a 

substrate, comprising: 

providing a process gas between a target and a substrate; 

providing pulsed DC power to the target through a narrow band rejection filter such that 

the voltage on the target alternates between positive and negative voltages; 

providing an RF bias that corresponds to the narrow band rejection filter to the substrate; 

providing a magnetic field to the target;-aHEI 

wherein [[a]] an oxide material is deposited on the substrate, and aH oxide the insulating 

film is formed by reactive sputtering in a mode between a metallic mode and a poison mode. 

Claims 86-87 (Canceled). 

-5-
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Claim 88 (Currently amended): The method according to claim [[87]] 85, wherein the 

narrow band-rejection filter has a bandwidth of about 100 kHz. 

Claim 89 (Previously presented): The method according to claim [[87]] 85, wherein the 

RF frequency is about 2 MHz. 

Claims 90-109 (Canceled). 

-6-
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Claims 41-43, 45-58, 62, 85, and 87-89 are pending in the above-identified application. 

The Examiner has rejected claims 41-43, 45-58, 62, 85, and 87-89. In this amendment, claims 

62 and 85 have been amended as agreed during an Interview held on December 11, 2007. Claim 

87 has been cancelled. 

Examiner's Interview 

Applicants thank the Examiner for meeting with us on December 11, 2007 (the 

"Interview"). In attendance at the Interview were Examiner Michelle Estrada, Inventor R. Ernest 

Demaray, and Applicants' representative Gary J. Edwards. During the interview, all of the 

claims were discussed as well as the art that has been cited against the claims. Agreement with 

respect to the claims was reached. In this Amendment, the claims have been amended as 

discussed during the interview. The Examiner indicated in the Interview Summary that the 

proposed language for the claims "would overcome the rejection on record." 

The substance of the discussion with the Examiner with respect to the claims and the art 

is provided below. 

Claim Rejections Under 35 U.S.C. § 103(a) 

Claims 62 and 87-89 

Claims 62, and 87-89 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 

U.S. Patent No. 6,117,279 to Smolanoff et al. ("Smolanoff') in view of U.S. Patent No. 

6,306,265 to Fu et al. ("Fu"). As discussed during the interview, Smolanoff teaches away from a 

system where the target voltage becomes positive, and therefore teaches away from "providing 

pulsed DC power to the target through a narrow band rejection filter such that the target 
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alternates between positive and negative voltages" and "providing an RF bias at a frequency that 

corresponds to the narrow band rejection filter to the substrate," as is recited in claims 62. 

Additionally, because Smolanoff teaches away from the elements of claim 62, there is no reason 

to combine Smolanoff with Fu as is suggested by the Examiner. However, even if they were 

combinable, the combination of Smolanoff and Fu does not teach or suggest the combination of 

"providing pulsed DC power to the target through a narrow band rejection filter such that the 

target alternates between positive and negative voltages" and "providing an RF bias at a 

frequency that corresponds to the narrow band rejection filter to the substrate," as is recited in 

claim 62. 

Smolanoff teaches a directed ion metal vapor source for deposition of conductive films. 

Although Smolanoff states that the DC source can be a pulsed DC source, Smolanoff also states 

that "[p ]ower from the steady or pulsed DC power supply 21 and/or RF generator 24 produces 

a negative potential on the target 16." (Smolanoff, col. 5, line 66, -col. 6, line 1) (emphasis 

added). In every disclosure of target voltage, Smolanoff teaches that the target voltage must be 

negative. (See, e.g. col. 5, lines 39-44 ("[t]he magnet structure 20 preferably includes magnets 

that produce a closed magnetic tunnel over the surface of the target 16 that traps electrons given 

off into the chamber 12 by the cathode assembly 17 when the cathode assembly 17 is electrically 

energized to a negative potential as is familiar to one skilled in the art"); col. 6, lines 9-12 

("[t]his main plasma in the region 23 becomes a source of positive ions of gas that are 

accelerated toward, and collide against, the negatively charged surface of the target 16, 

thereby ejecting particles of coating material from the target 16") (emphasis added)). 

Smolanoff never teaches that the target can be positive and, in accordance with the 

teachings of Smolanoff, the target voltage must always be negative. Therefore. Smolanoff 
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teaches away from "providing pulsed DC power to the target through a narrow band rejection 

filter such that the target alternates between positive and negative voltages" as is recited in claim 

62. Additionally, Smolanoff then teaches away from the combination "providing pulsed DC 

power to the target through a narrow band rejection filter such that the voltage on the target 

alternates between positive and negative voltages" and "providing an RF bias that corresponds to 

the narrow band rejection filter to the substrate," as is recited in claim 62. 

Even if Smolanoff could be combined with Fu as suggested, the combination would not 

teach or suggest the claimed invention. The Examiner stated that "Smolanoff et al. do not clearly 

disclose reconditioning the target; and wherein reconditioning the target includes reactive 

sputtering in the metallic mode and then reactive sputtering in the poison mode." (Office Action, 

page 2). Fu is relied upon to disclose "wherein conditioning the target includes sputtering with 

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

a poisonous mode to prepare the surface (Col. 19, lines 35-40)." (Office Action, page 2). 

Fu teaches high density, magnetic field enhanced ionized metal vapor deposition of 

conducting films. (See Fu, abstract). Fu, however, teaches utilization of a DC power supply (Fu, 

col. 1, lines 30-32) in combination with an RF bias applied to the substrate (Fu, col. 2, lines 36-

41). Therefore, Fu fails to teach the combination "providing pulsed DC power to the target 

through a narrow band rejection filter such that the voltage on the target alternates between 

positive and negative voltages" and "providing an RF bias that corresponds to the narrow band 

rejection filter to the substrate," as is recited in claim 62. 

Fu does teach operation in the poison mode and operation in the metallic mode as applied 

to TiN deposition, but does not teach "wherein an oxide material is deposited on the substrate, 
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and the insulating film is formed by reactive sputtering in a mode between a metallic mode and a 

poison mode," as is recited in claim 62. As stated by Fu, 

Reactive sputtering to produce TiN is known to operate in two 
modes, metallic mode and poison mode. Metallic mode produces a 
high-density, gold-colored film on the wafer. Poison mode, which 
is often associated with a high nitrogen flow, produces a 
purple/brown film which advantageously has low stress. However, 
the poison-mode film has many grain boundaries, and film defects 
severely reduce chip yield. Furthermore, the deposition rate in 
poison mode is typically only one-quarter of the rate in metallic 
mode. It is generally believed that in poison mode the nitrogen 
reacts with the target to form a TiN surface on the Ti target while 
in metallic mode the target surface remains clean and TiN forms 
only the wafer. 

(Fu, col. 19, lines 28-30). Fu teaches operation in either metallic mode or poison mode, and does 

not teach "wherein an oxide material is deposited on the substrate, and the insulating film is 

formed by reactive sputtering in a mode between a metallic mode and a poison mode," as is 

recited in claim 62. 

Therefore, claim 62 is allowable over the combination of Smolanoff and Fu. Similar to 

the discussion regarding claim 62, the combination of Smolanoff and Fu does not teach 

"providing pulsed DC power to the target through a narrow band rejection filter such that the 

voltage on the target alternates between positive and negative voltages" in combination with 

"providing an RF bias that corresponds to the narrow band rejection filter to the substrate," as is 

recited in claim 85. Further, Fu does not teach "wherein an oxide material is deposited on the 

substrate, and the insulating film is formed by reactive sputtering in a mode between a metallic 

mode and a poison mode," as is recited in claim 85. Claim 87 has been canceled. Claims 88-89 

depend from claim 85 and are therefore allowable for at least the same reasons as is claim 85. 

In addition, the Examiner initially indicated, with regard to the narrow band-rejection 

filter, that "[u]sing an specific type of filter is a matter of design choice depending on the quality 
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of product needed, and it is obvious that the filter is going to work at certain frequencies." 

(Office Action, page 3). However, as explained during the interview, that is not the case. The 

narrow band rejection filter allows the combination of pulsed-de power to the target (where the 

target voltage is oscillated between positive and negative voltages) and an RF bias on the 

substrate. A filter that blocks too many of the constituent frequencies of the pulsed DC 

waveform results in the target voltage not attaining a positive voltage. A filter that does not 

block the RF bias voltage can result in failure of the DC power supply. Smolanoff does not 

teach the "narrow band rejection filtering" recited in each of claims 62 and 85. 

Claims 41, 45, 47, 49, 51, 52, and 85 

Claims 41, 45, 47, 49, 51, 52, and 85 are rejected under 35 U.S.C. § 103(a) as being 

unpatentable over Smolanoff in view of Fu, as applied to claims 62, and 87-89, and in further 

view of reference titled "Enhancement of Aluminum Oxide Physical Vapor Deposition with a 

Secondary Plasma" to Li et al. ("Li"). As discussed above, claim 85 is allowable over the 

combination of Smolanoff and Fu. Li also fails to teach "providing pulsed DC power to the 

target through a narrow band rejection filter such that the voltage on the target alternates between 

positive and negative voltages" in combination with "providing an RF bias that corresponds to 

the narrow band rejection filter to the substrate," as is recited in claim 85. 

At best, Li teaches a pulsed DC source with a positive target voltage and a DC substrate 

bias. With regard to substrate bias, Li states that 

The angular distribution of the sputtered atoms is roughly a cosine 
distribution, and is further broadened by gas phase scattering, 
yielding insufficient bottom coverage and voids during filling of 
high aspect ratio features. This problem is solved by ionizing the 
metal flux and applying a bias on the substrate, accelerating 
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the metal ions through the plasma sheath near the substrate 
surface [14 and 15]. 

(Li, pgs 162). There is no teaching of an RF bias to the substrate. Further, the referenced 

articles (P.F. Cheng et al., J. Vac. Sci. Techol. B 13 2 (1995), pp. 203-208, and S. M. Rossnagel 

et al., Appl. Phys. Lett. 63 (1993), p. 24) teach only a DC bias. (For the Examiner's convenience' 

copies of these articles are attached to this response). Therefore, as discussed with the Examiner, 

Li does not teach or suggest "providing pulsed DC power to the target through a narrow band 

rejection filter such that the voltage on the target alternates between positive and negative 

voltages" in combination with "providing an RF bias that corresponds to the narrow band 

rejection filter to the substrate," as is recited in claim 85. 

Therefore, at least for the reasons discussed above claim 85 is allowable over the 

combination of Smolanoff, Fu, and Li. Claims 41, 45, 47, 49, 51, and 52 depend from claim 85 

and are allowable over Smolanoff, Fu, and Li for at least the same reasons as is claim 85. 

Claims 42. 48. and 50 

Claims 42, 48, and 50 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 

Smolanoff in view of Fu and Li, as applied to claims 41, 45, 47, 49, 51, 52, and 85, and in further 

view of U.S. Patent Publication No. 2004/0077161 to Chen et al. ("Chen"). 

As discussed above, claim 85 is allowable over Smolanoff, Fu, and Li. Chen also does 

not teach "providing pulsed DC power to the target through a narrow band rejection filter such 

that the voltage on the target alternates between positive and negative voltages" in combination 

with "providing an RF bias that corresponds to the narrow band rejection filter to the substrate," 

as is recited in claim 85. 

-12-
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Chen teaches "[a] method of layer formation on a substrate with high aspect ratio 

features." (Chen, par. 0008). As taught in Chen, "[t]he target power source 108 is used to infuse 

the one or more process gases with energy and may comprise a DC source, a radio frequency 

(RF) source, a DC-pulsed source, or a microwave source." Chen does not teach "providing 

pulsed DC power to the target through a narrow band rejection filter such that the voltage on the 

target alternates between positive and negative voltages," as is recited in claim 85. Chen further 

teaches that "the PVD chamber 36 may include a bias power source 124 for biasing the substrate 

120" and further that "[t]he bias power source 124 is typically an AC source having a frequency 

of, for example, about 400 kHz." (Chen, par. 0034). Because Chen does not teach "providing 

pulsed DC power," Chen does not teach or suggest "providing pulsed DC power to the target 

through a narrow band rejection filter such that the voltage on the target alternates between 

positive and negative voltages" in combination with "providing an RF bias that corresponds to 

the narrow band rejection filter to the substrate," as is recited in claim 85. 

Therefore, claim 85 is allowable over Smolanoff, Fu, Li and Chen. Claims 42, 48, and 50 

depend from claim 85 and are therefore allowable for at least the same reasons as is claim 85. 

Claims 43. and 53-58 

Claims 43, and 53-58 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 

Smolanoff in view of Fu and Li, as applied to claims 41, 45, 47, 49, 51, 52, and 85, and in further 

view of U.S. Patent Publication No. 2003/0175142 to Milonopoulou et al. ("Milonopoulou"). 

Milonopoulou was filed on the same day as was the present application, includes an 

overlap of inventorship with the present application (R. Ernest Demaray), is co-owned with the 

-13-
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present application, and was incorporated by reference in the present application (Paragraph 

0048). Therefore, Milonopoulou can not be prior art to the present application. 

Claims 43 and 53-58 depend from claim 85 and are allowable over the cited art for at 

least the same reasons as is claim 85. 

Conclusion 

In view of the foregoing amendments and remarks, Applicants respectfully request timely 

allowance of the pending claims. If the Examiner has any questions about these Amendments or 

Remarks, the Examiner is invited to call Applicants' representative. 

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

additional required fees to our deposit account 06-0916. 

Dated: December 18, 2007 

Respectfully submitted, 

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

By: ~4.~ PayfE~ 
Reg. No. 41,008 
(650) 849-6622 

ptta-~e--- e· a~-r1~0; ~;~-fi-d a-tff- -J"9 ' . 
. F. C ng t ., J. a . i. e ho( B 2 (19 5) pp 203-208, and 

S. M. Rossnagel et al., Appl. Phys. Lett. 63 (1993), p. 24. 
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. JAN-17-2008 THU 01 :24 PM FINNEGAN HENDERSON FAX NO. 850 849 8888 P. 02/02 

IOS Form PTOISB/08: Subi.tllule for form 1449A/PTO 
Complete if Known 

App/Je1ttion Number 10/954,182 OC{'Cl\/t;;f) 

INFORMATION DISCLOSURE Fi/Ing Date October 1, 2004 ... -· -.--;.·~~·;.: 

First Narood Inventor ZI-IANG, Hongmei .,.,. .. ,,. .. --· ----
STATEMENT BY APPLICANT 

Art Unit 2B23 IA .. I 4 ,a 
(Use as many ~hsots 1/1'1 nscessa,yJ Ex.iminer Name ESTRADA, Michelllil ......... ' ' 

Sheet I 1 I cf I 1 Attorney Docket Number 10655.0016-01 

U.S. PATENTS AND PUBLISHED U.S. PATENl APPLICATIONS 
Examiner Cite Document Number Issue or Name ot Patentee or PaJJes. Columns, Un8$, Wl'\ere 

111ma1s' No.1 

Numbe1'•Klnd Cooe2 /ii 1mawn) 
Publleadon Di'lte Applicant of Clted Ooc:umeni Relevant Pesaagos or Relev11n1 
MM•OC>-YVVY Figures Appear 

US-6,391,166 Bl 05-21-2002 Wang 

US-7,262,131 B2 08-28-2007 NarWlitnhan et al. 

Note: Subm1ss1on of copies of U.S. Patents and published U.S. Patent Applications 1s not required. 

FOREIGN PATENT DOCUMENTS 
Examiner Clta Pl.lbllcatkm Date Name of Patentell or Pages, Col1,1rnns, Lines, TransladOfl" 
1nlllals' No.1 Foreign Patenl Document MM-00-VYYY Awllcant cf Cited Dcc:umimt Where Relevant 

Pas,ages or Relevant 

country Code3 Nun'ller• !<Ind Code" (If lmowl\J Figures Appear 

WO 2007/027535 A2 03-08-2007 Symmorphix., Inc. 

NON PATENT LITERATURE DOCUMENTS 
Examln~ Cite Include name of the author {in CAPITAL LErrERS), title of U'le article (whoo appropriate), title of the Item Translation° 

Initials No} (book, magazine, Journal, serial, symposh.rn, catalog, eta.). date, page(s), volume-Issue numberts), 
publlsher, city and/or count,y where publjshed. 

Ot'fice Action dated May 21, 2007, in U.S. Application No. 10/291,179 (Anorney Doclcct No. 
9140.0001..00). 
Final Office Action dated April 13, 2007, in U.S. Application No. 09/903,081 (Attorney 
Docket No. 9140.0014-00). 
Amendment/RCE filed August 9, 2007, in U.S. Application No. 09/903,081 (Attorney Docket 
No. 9140.0014-00). 
Office Action dated September 5. 2007, in U.S. Application No. 09/903,081 (Attorney Docket 
No. 9140.0014-00). 
Final Office Action dated September 7, 2007, in U.S. Applic.ition No. l l/100.B56 (Attorney 
Docket No. 9140.0015-01). 
Final Office Action dated May 2, 2007, in U.S. Application No. 10/101,863 (Attorney Docket 
No. 9140.0016-00). 
Response to Final Office Action filed October 2. 2007, in U.S. Application No. 10/101,863 
(Altomey Docket No. 9140.0016-00). · 
Response to Office Action filed July 9, 2007, in U.S. Application No. 10/650,461 (Attorney 
Docket No. 9140.0025-00). 
Final Office Action dated October 10, 2007, in U.S. Applico.tion No. 10/650,461 (Attorney 
Docket No. 9140.0025~00). 
Corrected Notice of Allowance dated June 7, 2007. in U.S. Application No. J l/228,805 
(Anorney Docket No. 9140.0030-01). 
Supplemental Notice of Allowance dated July S, 2007, in U.S. Application No. 11/228,805 
(Attorney Docket No. 9140.0030-01). 
Second Supplemental Prel!minal'y Amendment filed May 3 t, 2007, in U.S. Appllcation No. 
l l/297,057 (Attorney Docket No. 9140.0042-00). 

l ~w 1~ 
S1i:in~turn Considered 

EXAMINER: lnltlal if referenc::e considered, Whether or not citation is In conformance with MPEP 609. Draw fine through 
citation if not in conformance and not considered. Include copy of U'lls fonn with next communication to applicant 

I EXPRESS MAIL LABEL NO. l 
1.'l\.f rnnR,_.;;?7() 11~ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
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 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

22852 7590 02/01/2008 · 

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

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

10/954,182 10/01/2004 Hongmei Zhang 

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

EXAMINER 

~STRADA, MICHELLE 

ART UNIT .1 PAPER NUMBER 

2823 

DA TE MAILED: 02/01/2008 

A TIORNEY DOCKET NO. · CONFIRMATION NO. 

10655.0016-01 9873 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S} DUE DATE DUE 

nonprovisional NO $1440 $300 $0 $1740. 05/01/2008 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION .Q.N THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current . 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page 1 of3 
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I 

PART B • FEE(S) TRANSMITTAL 

Compiete and send this form, together with applicable fee(s), to: M.l!il 

or Fax 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(571)·273-2885 

INSTRUCTIONS: This fonn should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: use Block I for any change of address) Note: A cert1hcate of ma1hng can only be used for domestic maihngs of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or fonnal drawing, must 
have its own certificate of mailing or transmission. 

22852 7590 02/01/2008 
Certificate of Mailing or Transmission 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER:iereby certifv that this Fee<s) Transmittal is being deposited with the United 
LLP States Postal S'ervice with sufficient postage for first class mail in an envelo11e 

addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
901 NEW YORK AVENUE, NW · . transmitted to the USPTO (571) 273-2885, on the date indicated below. · 

WASHINGTON, DC 20001-4413 (Deposito~s name) 

(Signature) 

(Date) 

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

10/954,182 10/01/2004 Hongmei Zhang 10655.0016-01 9873 

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

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1440 

EXAMINER ART UNIT 

ESTRADA, MICHELLE 2823 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). . 

D Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) 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 PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

438-002000 

2. For printing on the patent front page, list 

( 1) 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 

$1740 

DATE DUE 

05/01/2008 

2 registered patent attorneys or agents. If no name is 3 
listed, no name will be printed. -------------

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 (8) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government 

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

D Issue Fee 

D Publication Fee (No small entity discount permitted) 

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

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

D 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) 

D A check is enclosed. 
D Payment by credit card. Form PT0-2038 is attached. 
0The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 

overpayment, to Deposit Account Number (enclose an extra copy of this form). 

Db. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR I .27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. · 

Authorized Sig;nat:ure ____________________ _ Date _________________ _ 

Typed or printed name ___________________ _ Registration No.---------------

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 
submJtting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you re([uire to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.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 0MB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

10/954,182 10/01/2004 Hongmei Zhang 

22852 7590 02/01/2008 

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

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PA TENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

A TIORNEY DOCKET NO. CONFIRMATION NO. 

10655.0016-01 9873 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

DATE MAILED: 02/01/2008 

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

The Patent Tenn Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Tenn Adjustment will be O day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Tenn Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Tenn Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571 )-272-4200. 

Page 3 of3 
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Notice of Allowability 

Application No. 

10/954,182 
Examiner 

Michelle Estrada 

Applicant(s) 

ZHANG ET AL. 
Art Unit 

2823 

•• The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-· 
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. ~ This communication is responsive to 12118/07. 

2. ~ The allowed claim(s) is/are 41-43.45-58.62,85,88 and 89. 

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. 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. [8J Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 1/17/08 

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. D Examiner's Statement of Reasons for Allowance 

9.00ther ( .J}j,)1
11
//IJ, ~ 

'-"'f ~ESTRADA 
PRIMARY EXAMINER 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20080122 
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JAN-17-2008 THU 01:24 PM FINNEGAN HENDERSON --··- -- ·- -· ·--· - - -- -- --· FAX NO. 650 849 6666 P. 02/02 

IDS Form PTO/SB/OB; Subs\llw.o for farm 1449A/PTO 
Complete If Known 

Appl/cation Number 10/954.182 ocr•-

INFORMATION DISCLOSURE Fil/f'IQ Date 0()(01:)er 1, 2004 ... ~ -~~·~ .. ·~~ 

STATEMENT BY APPLICANT First Named Inventor ZHANG, Hcngmai --·· .-
Art Unit 2823 !AU I, '>ftf Cl 

(l.lse ss many sneots 11s necessary/ Exlilminer Name ESTRADA, Micnene •r-o•~ I I.-

Sheet I 1 I of I 1 Attorney Doc/<91 Number 10655.0016-01 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examiner Cite oocument Number l!lll\18 ar Narr.e ct Pa\entee or Pages, Column&, une$, Wl\ere 

l111Ua1s· No.1 

Numbef-Klnd Code1 /II mown) 
Publleadan Dllte Appllcans of Cited Document Relevant Pesaago& or Relevant 

~ MM-01).\'YYY R9ures A(lpear 

ca r,y_ US-6,391,166 Bl OS-21-2002 Wang 
,; 1/Ct US-7,262,131 B2 08-28-2007 NarW!im.h.an et al. 

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

FOREIGN PATENT DOCUMENTS 
ExDmlnar CilB Publl~;tlon Date Name of ~tentae or Pages, Column:;, Unos, Trensladon• 
lnlllals' No.' Foreign ?B\91ll Dot;umer1t MM-00-YYYY Appllcant of Cited Document Whate Relevant 

Passages or Rel1ro1an1 

/I /J Country Code0 N11m1>er' t<lnd Code" (d lmawlV Figures Appeat 

,LJ/Jfl,,, WO 2007/027S35 A2 03-08-2007 Symmorphix, Inc. 

' 
NON PATENT LITERATURE DOCUMENTS 

Examiner Cite Include name of the author (in CAPITAL LETTERS), tiUe of the arttcle (when appropriate), tltle of the item Tranel111tion° 
lnlllals· No·;1 (book. magazine, Journal, serial, symposh,an, catalog, eto.), date, page(s). volume-Issue number(s), ! 

publlsher, cl\y and/orcouni,y where published. 

~ v{j Office Action d.ited May 21, 2007, in U.S. Application No. 10/291,179 (Attorney Dot:ltct No. 
/ 9140.0001-00). 

c- Fin.ii Office Action dated April 13, 2007, in U.S. Application No. 09/903,0~ I (Attorney 
Docket No. 9140.0014-00). 
Amendment/RCE filed August 9, 2007, in U.S. Application No. 09/903,081 (Attorney Docket 
No. 9140.0014-00). 

Office Action clnted Septembl!r S, 2007, in U.S. Application No. 09/903,081 (Att0rney Docket 
No. 9140.0014-00). 
Pinal Office Action ds.ted September 7, 2001, in TJ.S. Application No. l l/100.BS6 (Attomey 
Docket No. 9140.0015-01). 
Final Office Ac:tioo dated May 2, 2007, in U.S. Application No. 10/101.863 (Attorney Docket 
No. 9140.0016-00). 

Response to Final Office Action filed October 2. 2007, in U.S. Applica:tion No. 10/101,863 
(At.tomey Docket No. 9140.0016-00). ' 
RespoDSe to Office Action filed July 9, 2007, in U.S. Application No. 10/650.461 {Attorney 
Docket No. 9140.0025-00). 
Finni Office Action dated October 10, 2007, in U.S. Applir.."tltion No. 10/6S0,461 (Attorney 
Docket No. 9140.0025-00). 

I 
Corrected Notice of Allowance dated June 7. 2007. in U.S. Apptic~tion No. I 1/228,SOS 

('\ (Attorney Docket No. 9140.0030-01). 

\ Supplemental Notice of Allowance dated July 5, 2007, in U.S. Applicntion No. 11/228.BOS 
(Anomey Docket No. 9140.0030-01). 

~ ~ "/ Second Suppl~~l Preliminary Amendment filed Mlly 31, 2007. in U.S. Application No. 
ft7297,057 (A o ey Docket No. 9140.0042-00). · 

/ 7 /1 /J , I //} I /') /' / 

examiner 't-t/i 
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PATENT 

Customer No. 22,852 
Attorney Docket No. 10655.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

ZHANG, Hongmei et al. 

Application No.: 10/954,182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 

) Group Art Unit: 2823 
) 
) Examiner: ESTRADA, Michelle 
) 
) 
) Confirmation No.: 9873 
) 
) 

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

Pursuant to 37 C.F.R. §§ 1.56 and l.97(d), Applicants brings to the attention of the 

Examiner the documents on the attached listing. This Supplemental Information Disclosure 

Statement is being filed after a Notice of Allowance but before payment of the issue fee and the 

Commissioner is authorized to charge the fee of $180.00 to Deposit Account No. 06-0916, as 

specified under§ l.17(p) and a statement as specified under§ 1.97(e). 

Based on reasonable inquiry, no document listed in this Supplemental Information 

Disclosure Statement was cited in a communication from a foreign patent office in a counterpart 

foreign application, and no document listed in this Supplemental Information Disclosure 

Statement was known to any individual designated in 37 C.F.R. § l.56(c) more than three 

months prior to the filing date of this Supplemental Information Disclosure Statement. 
02/15/2008 WASFAW1 00000036 060916 10954182 

01 FC:1806 180.00 DA 
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I' I 
Application No. 10/954, 182 

Attorney Docket No. 10655.0016-01 

Copies of the listed non-patent literature documents are attached. Applicants respectfully 

request that the Examiner consider the listed documents and indicate that they were considered 

by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any 

claims in the application and Applicants determine that the cited documents do not constitute 

"prior art" under United States law, Applicants reserve the right to present to the office the 

relevant facts and law regarding the appropriate status of such documents. 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any additional fee due in connection with the filing of this Statement, please 

charge the fee to Deposit Account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT UNNER, L.L.P. 

Dated: February 13, 2008 

SS MAIL LABEL NO. 
EM 074697408 US 

-2-
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

10/954,182 10/01/2004 Hongmei Zhang 

22852 7590 03/17/2008 

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

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

10655.0016-01 9873 

EXAMINER 

ESTRADA, MICHELLE 

ART UNIT PAPER NUMBER 

2823 

MAIL DATE DELIVERY MODE 

03/17/2008 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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APPLICATION NO./ 
CONTROL NO. 
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FILING DATE 
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UNITED STATES DEPARTMENT OF COMMERCE 
U.S. Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
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FIRST NAMED INVENTOR/ 
PATENT IN REEXAMINATION 
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EXAMINER 
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DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
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Commissioner for Patents 

Attached are the IDSs filed 2/10/05, 3/2/06 and 2/13/08 that have been considered. 

/Michelle Estrada/ 
Primary Examiner, Art Unit 2823 

PT0-90C (Rev.04-03) 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 09140-0016-01000 

IN THE UNITED STATES PATENT AND TRADEMARK.OFFICE 

In re Application of: 

ZHANG et al. 

Application No.: 10/954,182 

Filed: October I, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2882 
) 
) Examiner: Not Yet Assigned 
) 
) Confirmation No.: 9873 
) 
) 
) 

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 brings to the attention of the 

Examiner the documents listed on the attached PTO 1449. This Information Disclosure 

Statement is being filed within three months of the filing date of the above-referenced 

application. 

These documents include U.S. patents and applications that are possibly related to the 

pending application by subject matter, as summarized in the chart below. This submission 

should not be construed, however, as an admission ofrelatedness. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /ME/ 
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09140-0002-01 6,506,289 US 2002/0033330 A 1 
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09140-0004-00 6,533,907 US 2002/0134671 Al 
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09140-0015-00 10/101,492 US 2003/0173208 Al 
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09140~0021-00 
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WO 2004/021532 Al 

09140-0030-00 10/789,953 
US 2005/0006768 Al 
WO 2004/077519 A2 
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U.S. Patent Application No. 10/954,182 
Attorney Docket No. 09140-0016-01 

Customer No. 22,852 

Title Examiner 

Low temperature zirconia 
based thermal barrier Rodney McDONALD 
layer by PVD 

Planar optical devices 
and methods for their Steven H. VERSTEEG 
manufacture 

Planar optical devices 
and methods for their Steven H. VERSTEEG 
manufacture 

Method of Producing 
amorphous silicon for 

Steven H. VERSTEEG 
hard mask and 
waveguide applications 

As-deposited planar 
optical waveguides with 
low scattering loss and John M. HOFFMANN 
methods for their 
manufacture 

Mode size converter for a Steven H. VERSTEEG. 
planar waveguide 

Biased pulse DC reactive 
Michelle ESTRADA 

sputtering of oxide films 

Biased pulse DC reactive 
Not Yet Assigned 

sputtering of oxide films 

Rare-earth pre-alloyed 
PVD targets for dielectric Daniel J. JENKINS 
planar applications 

Gain flattened optical 
Deandra M. HUGHES 

amplifier 

Optical Coupling into 
Highly Uniform Frank G. FONT 
Waveguides 

Dielectric Barrier Films Not Yet Assigned 
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Attorney U.S. 
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Docket Patent/ 
Publication No. 

Number Serial No. 

09140-0033-00 10/851,542 US 2004/0259305 A I 

09140-0034-00 10/850,968 US 2005/0000794 A I 

1 0954182 - GAU: 2823 

U.S. Patent Application No. 10/954,182 
Attorney Docket No. 09140-0016-01 · 

Customer No. 22,852 

Title Examiner 

Energy Conversion and 
Storage Devices by 
Physical Vapor 

Not Yet Assigned 
Deposition of Titanium 
and Titanium Oxides and 
Sub-Oxides 

Transparent Conductive 
Oxides from a Metallic Not Yet Assigned . 
Target 

Copies of U.S. Patents and U.S. Patent Publications are not provided. Copies of foreign 

patent documents and non-patent literature documents are included herewith. 

Applicants submit copies of Office Actions issued by the U.S. Patent and Trademark 

Office in the above-listed applications and Applicants' responses to these office actions. 

Applicants also submit International Search Reports and Written Opinions issued in the Patent 

Cooperation Treaty applications corresponding to the U.S. Patent Applications listed above. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

This submission does not represent that a search has been made or that no better art exists 

and does not constitute an admission that each or all of the listed documents are material or 

constitute "prior art." If the Examiner applies any of the documents as prior art against any claim 

in the application and Applicants determine that the cited documents do not constitute "prior art" 

under United States law, Applicants reserve the right to present to the Office the relevant facts 

and law regarding the appropriate status of such documents. 

ALL REFERENCES CONS!De:RED EXCEPT WHERE LINED THROUGH. /ME/ 
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EFS-Web Receipt date: 02/10/2005 1 0954182 - GAU: 2823 

U.S. Patent Application No. 10/954,182 
Attorney Docket No. 09140-0016-01 

Customer No. 22,852 

Applicants further reserve the right to take appropriate action to establish the patentability 

of the disclosed invention over the listed documents, should one or more of the documents be 

applied against the claims of the present application. 

If there is any fee due in connection with the filing of this Statement, please charge the 

fee to our Deposit Account No. 06-0916. 

Dated: February 9, 2005 

Respectfully submitted, 

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

By:4,4/ ary~E~~ 
Reg. No. 41,008 
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Examin!=lr Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where 

Initials No.1 
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MM-DD-YYYY Figures Appear 

US 2001/0027159 Al Oct. 4, 2001 Kaneyoshi 

US 2002/0033330 A 1 Mar. 21, 2002 Demaray et al. 

US 2002/0134671 A 1 Jul.17,2003 Demaray et al. 

US 2002/0170821 A 1 Nov. 21, 2002 Sandlin et al. 

US 2003/0097858 Al May 29, 2003 Strohhofer et al. 

US 2003/0127319 Al Jul. 10, 2003 Demaray et al. 

US 2003/0134054 A 1 Jul. 17, 2003 Demaray et al. 

US 2003/0173207 Al Sep. 18,2003 Zhang et al. 

US 2003/0173208 Al Sep. 18,2003 Pan et al. 
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us 5,107,538 Apr. 21, 1992 Benton et al. 
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us 5,607,789 Mar. 4, 1997 Treger et al. 

us 5,654,984 Aug. 5, 1997 Hershbarger et al. 

us 5,686,360 Nov. 11, 1997 Harvey, III et al. 

us 5,689,522 Nov. 18, 1997 Beach 

us 5,731,661 Mar. 24, 1998 So et al. 

us 5,757,126 May 26, 1998 Harvey, III et al. 

us 5,762,768 Jun.9, 1998 Goy et al. 

us 5,771,562 Jun.30, 1998 Harvey, III et al. 

Examiner I /M1c11e11e t:strada/ I Date I 03/04/2008 
Signature Considered 
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INFORMATION DISCLOSURE Filing Date October 1, 2004 
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Commissioner for Patents 
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) Group Art Unit: 2823 
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) Examiner: ESTRADA, Michelle 
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) Confirmation No.: 9873 
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FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. § 1.97(c) 

Pursuant to 37 C.F.R. §§ 1.56 and l.97(c), Applicants bring to the attention of the 

Examiner the documents on the attached listing. This Information Disclosure Statement is being 

. filed after the events recited in Section l .97(b) but, to the undersigned's knowledge, before the ·~. 
mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the 
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Response to Office Action filed on February 20, 2002 in U.S. Patent No. 6,506,289 

,,. 
(Attorney Docket No. 09140-0002-01). ,jt1,,o~') 
Office Action issued on April 17,2002 in U.S. Patent No. 6,506,289 ./ 

(Attorney Docket No. 09140-0002-01). 1 / ,µ;v?, 

Response to Office Action filed on July 17, 2002 in U.S. Patent No. 6,506,289 1/63, 
., 

(Attorney Docket No. 09140-0002-01). 

Quayle Action issued on November 10, 2003 in U.S. Patent No. 6,827,826 
1 'J--/ b'-f 

ti 

(Attorney Docket No. 09140-0002-02). 
Office Action issued on May 2, 2002 in U.S. Patent No. 6,533,907 1>/03 ~ 
(Attorney Docket No. 09140-0004-00). 

Response to Office Action filed on September 3, 2002 in U.S. Patent No. 6,533,907 3/u'J .t 
(Attorney Docket No. 09140-0004-00), 

Office Action issued on February 12, 2004 in U.S. Serial No. 09/903,081 
(Attorney Docket No. 09140-0014-00). 
Response to Office Action filed on August I 0, 2004 in U.S. Serial No. 09/903,081 
(Attorney Docket No. 09140-0014-00). 

Office Action issued on S~ptember 10, 2004 in U.S. Serial No. 09/903,081 
(Attorney Docket No. 09140-0014-00). 
Office Action issued-on May 14, 2003 in U.S. Serial No. 10/101,492 
(Attorney Docket No. 09140-0015-00). · 

Response to Office Action.filed on August 14, 2003 in U.S. Serial No. I 0/101,492 
(Attorney Docket No. 09140-0015-00). 

Office Action issued on September 3, 2003 in U.S. Serial No. 10/101,492 
(Attorney Docket No. 09140-0015-00). 
Response to Office Action filed on M_arch 3, 2004 in U.S. Serial No. 10/101,492 
(Attorney Docket No. 09140-0015-00). 

Date 
Considered 03/04/2008 

Translation6 
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App/lt:atlon Number 10J954,182 

INFORMATION DISCLOSURE Fifing Date October 1, 2004 

STATEMENT BY APPLICANT First Named Inventor ZHANG, Hongmel 
ArtUnll 2823 

(Uso 1111 many sheets 811 necdSIBl'Y1 Examiner Name ESTRADA. Michelle 
Sheet I 3 I of I 3 Attomey Docket Number 9140.0016,()1 

NON PA TENT LITERATURE DOCUMENTS 

(_ Im ? Response to Final Office Action filed April 14, 2006, in U.S. Appl. No. 10/291,179 (Atty. 
Docket No. 9140.0001-00). 

V , ... 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). 
Notice of Allowance nwted August 6, 2002, for US Patent No. 6,506,289 (Atty. Docket No. 
09140.0002-01). \., ·· i ..::D.e\;,,no:vl-', t!ktJ. ·lh,a,vJ 
Response to Office Action filed·F.ebruary 28, 2006 in U.S. Application No. 09/903,081 (Atty. 
Dock.et No. 09140-0014-00). '-., 
Final Office Action mailed May 8, 2006 in U.S. Application No. 09/903,081 (Atty. Docket No. 
09140-0014-00). . . ..... 
Final Office Action mailed June 9, 2006 in U.S. Appl. No. 11/100,856 (Atty. Docket No. 
09140.0015-01). ·,.,, . 

Office Action mailed March 22, 2006, in U.S. Appl. No. 10/101,863 (Atty. Docket No. 
09140.0016-00). 
Response to Office Action filed June 12, 2006, in U.S. Appl. No. 10/101,863 (Atty. Docket No. 
09140.0016-00). 
Response to Office Action filed on May 15, 2006, in U.S. Application No. 10/101,341 (Atty. 
Docket No. 09140-0017-00). 
Office Action issued on August 2, 2006, in U.S. Application No. 10/101,341.(Atty. Docket No. 
09140--0017.00). 
Office Action issued on March 23, 2006, in U.S. Application No. 10/650,461 (Atty. Docket 
No. 09140-0025-00). · 
Response to Office Action filed on July 24, 2006, in U.S. Application No. 10/650,461 (Atty. 
Docket No. 09140--0025-00). 
Response to Office Action filed March 2, 2006 in U.S. Application No. 10/789,953 (Atty. 
Docket No. 09140.0030-00). 
Final Office Action issued on May 19, 2006 in U.S. Application No. 10/789,9S3 (Atty. Docket 
No. 09140.0030-00). 
Office Action from Singapore Patent Office in Appl. No. 200505388-9, dated March 20, 2006 
(Atty. Docket No. 9140.0030-00256). 
Office Action mailed April 19, 2006 in U.S. Application No. 10/851,542 (Atty. Docket No. 
09140.0033-00}. 

'\./ 
Response to Office Action filed July 26, 2006 in U.S. Application No. 10/8Sl,542 (Atty. 
Docket No. 09140.0033·00). 

(~ 
'I Specification as filed September 2, 2005, for U.S. Appl. No. 11/218,652 (Atty. Docket No. 
,/ 09140.00S2-00.h 

I 
/) ( ;..J ..J--. . .... A 

=::U-lh '1171 h IJI .P ,A.) fj/)f J;;, Cf A_ I :dared I lo 'M /nl11 I - ic& 1- I ,. . 

EXAMINER: Initial If referen considered, whether or not citation Is In conformance with MPEP 609. Draw line throu h 
citation If not In conformance and not considered. Include copy of this fonn with next communication to applicant. 
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AppllcaJion Number 10/954,182 

INIFORMA l'ION IO~SCll..OSlPIRE Filing Date October 1, 2004 

STATEMENT BY Al?PUCANT First Named Inventor ZHANG, Hongmel 
Att Unit 2823 

Sheet 

ME 

\I 
ME 

E.xamlner 
Signature· 

I 

(Use ss many Sheets es necassery) Examiner Name ESTRADA. Michelle 
2 I of I 3 Altomey Docket Number 9140.0016-01 

NON PATENT LITERATURE DOCUMENTS 
No. 10,291,179 (Attorney Docket No. 9140.0091-00). 

Office Action dated December 1, 2006, in U.S. Application No. 10,291, 179 
(Attorney Docket No. 9140.0001-00). 
Notice of Allowance mailed March 2)1004 for US Patent No. 6,827,826 (Atty. 
Docket No. 09140.0002-02). etm a.yc...'1 ef-c,.Q_. 1-z_/ ~ 0 4-
Notice of Allowance issued on October 8, 2002, in U.S. Patent No. 6,533;907 
(Atty. Docket No. 09140-0004-00). )>ei'YlC.."fc..., 4~ · 3 I ?,ere/!, 

Amendment dated October 19, 2006, in U.S. Application No. 09/903,081 (Atty. 
Docket No. 09140.0014-00). 
Notice of Allowance issued on October 21, 2004, in U.S. Application No. 
10/101,492 (Atty. Docket No. 09140-0015-00). 
Response to Office Action filed September 11, 2006 in U.S. Application No. 
11/100,856 (Atty. Docket No. 09140.0015-01.) 
Office Action mailed December 1, 2006, in U.S. Application No. 11/100,856 
(Attorney Docket No. 09140.0015-01). 
Office Action mailed September 6, 2006, in U.S. Appl. No. 10/101,863 (Atty. 
Docket No. 09140.0016-00). 
Final Office Action mailed October 19, 2006, in U.S. Application No. 
10/650,461 (Attorney Docket No. 09140.0025-00). 
Voluntary Amendment filed July 26, 2006 in TW Appl. No. 92123625 (Atty. 
Docket No. 09140.0025-00270). 
Response to Final Office Action filed August 3, 2006, in U.S. Application No. 
10/789,953 (Atty. Docket No. 09140.0030-00). 
Notice of Allowance mailed October 23, 2006, in U.S. Application No. 
10/789,953 (Atty. DocketNo. 09140.0030-00). 
Office Action dated October 12, 2006, for U.S. Api>lication No. 11/228,805 
{Attorney Docket No. 09140.0030-01000). 
Office Action dated September 22, 2006 from Korean Patent Office in Appl. 
No. 10-2005-7016055 (Atty. Docket No. 09140.0030-00202) 
Response to Office Action mailed November 8, 2006, to the Korean Patent 
Office in Application No. 10-2005-7016055 (Attorney Docket No. 09140.0030-
00202). 
Response to Office Action from Singapore Patent Office in Appl. No. 
200505388-9, dated August 11, 2006 (Atty. Docket No. 9140.0030-00256). 

/Michelle Estrada/ Date 
Considered 03/02/2007 

EXAMINER: lniUal if reference considered, whether or no\ 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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EFS·Web Receipt date: 02/10/2005 1 0954182 · GAU: 2823 

U.S. Patent Application No. 10/954,182 
Attorney Docket No. 09140-0016-01. 

Customer No. 22,852 

Attorney U.S. U.S./PCT 
Docket Patent/ 

Publication No. 
Title Examiner 

Number Serial No. 

J)evv,c,.v~. e7d • Energy Conversion and 
I i.:1 o 4- . Storage Devices by 

0914()..0033-00 10/851,542 US 2004/0259305 A I Physical Vapor Not Yet Assigned Deposition of Titanium 
and Titanium Oxides and 
Sub-Oxides 

)"rt_. 't>, l.. V a.>' e:1-r;j, Transparent Conductive 
09140-0034-00 10/850,968 US 2005/0000794 A I Oxides from a Metallic Not Yet Assigned . 

l/'1-405'"' Target 

Copies of U.S. Patents and U.S. Patent Publications are not provided. Copies offorei~ 

patent documents and non-patent literature documents are included herewith. 

Applicants submit copies of Office Actions issued by the U.S. Patent and Trademark 

Office in the above-listed applications and Applicants' responses to these office actions. 

Applicants also submit International Search Reports and Written Opinions issued in the Patent 

Cooperation Treaty applications corresponding to the U.S. Patent Applications listed above. 

Applicants respectfully request that the Examiner consider the listed documents and 

indicate that they were considered by making appropriate notations on the attached form. 

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 th<:! 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. 

fl 6 ¥' 
t,/111 

ALL REFERENCES CONSID~RED EXCEPT WHERE LINED THROUGH. /ME/ 
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IDS Fonn PTO/SB/08: Substitute for fonn 1449A/PTO Complete if Known /f\\Pc~ 
Application Number 10/954,182 I -Q..,.'\ 

INFORMATION DISCLOSURE Filing Date October 1, 2004 II> 

STATEMENT BY APPLICANT First Nam9d Inventor Zhang et al. FEB 1 o 2l1!fi w 

Art Unit 2882 ,~ ~t;:., 
(Use as many sheets as necessary) Examiner Name Not Yet Assigned' '((C}. ' ·-"--" 

Sheet I 1 I of I 9 Attorney Docket Number 09140-0016-01000 ~ rP•n'f_Y.!''· 

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS 
Examln!!r Cite. Document Number Issue or Name of Patentee or Pages, Columns, Lines. Wher!l 
Initials No.' 

Number-Kind Code2 
(If known) 

Publication Date Applicant of Cited Document Relevant Passages or Relevant 
· MM-DO-YYYY Figures Appear 

US 2001/0027159 AJ bct. 4, 2001 Kaneyoshi 

US 2002/0033330 A 1 Mar. 21, 2002 Demaray et al. 

US 2002/0134671 A 1 . - Demaray et al. 1/ov --·· .. ,, _ .............. 

US 2002/0170821 A 1 Nov. 21, 2002 Sandlin et al. 

US 2003/0097858 Al May 29, 2003 Strohhofer et al. 

US 2003/0127319 Al Jul. 10, 2003 Demaray et al. 

US 2003/0134054 A I Jul. 17, 2003 Demaray et al. 

US 2003/0173207 Al Sep. 18,2003 Zhang et al. 

US 2003/0173208 A I Sep. 18,2003 Pan et al. 

US 2003/017439 I A 1 Sep. 18,2003 Pan et al. 

US 2004/0105644 Al Jun.3,2004 Dawes 

US 2004/0259305 A 1 Dec. 23, 2004 Demaray et al. 

US 2005/0000794 Al Jan.6,2005 Demaray et al. 

US 2005/0006768 Al Jan. 13,2005 Narasimhan et al. 

us 5,085,904 Feb.4, 1992 Deak et al. 

us 5,107 .. 538 Apr. 21, 1992 Benton et al. 

us 5,119,460 Jun.2, 1992 Bruce et al. 

us 5,306,569 Apr. 26, 1994 Hirakj 

us 5,355,089 Oct. 11, 1994 . Treger 

us 5,457,569 Oct. 10, 1995 Liou et al. 

us 5,499,207 Mar. 12, 1996 Miki et al. 

us 5,563,979 Oct. 8, 1996 Bruce et al. 

us 5,591,520 Jan. 7, 1997 Migliorini et al. 

us 5,607,789 Mar. 4, 1997 Treger et al. 

us 5,654,984 Aug. 5, 1997 Hershbarger et al. 

us 5,686,360 Nov. 11, 1997 Harvey, III et al. 

us 5,689,522 Nov. 18, 1997 Beach 

us 5,731,661 Mar. 24, 1998 · So et al. 

us 5,757,126 May 26, 1998 Harvey, Ill et al. 

us 5,762,768 Jun. 9, 1998 Goy et al. 

us 5,771,562 Jun. 30, 1998 Harvey, Ill et al. 

Examiner I /Michelle Estrada/ I Date I 03/04/2008 Signature Considered 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE PATENT NO. 

10/954,182 06/03/2008 7381657 

22852 7590 05/14/2008 

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. 

10655.0016-01 9873 

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 O 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 Mullapudi, San Jose, CA; 
Richard E. Demaray, Portola Valley, CA; 

IR103 (Rev. 11/05) 
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PATENT 
Customer No. 22,852 

Attorney Docket No. 10655.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent No.: 7,381,657 ) 
) 

Inventors: Hongmei ZHANG et al. ) 
) 

Issue Date.: June 3, 2008 ) 
) 

For: BIASED PULSE DC REACTIVE ) 
SPUTTERING OF OXIDE FILMS ) 

COMMISSIONER FOR PATENTS 
OFFICE OF PATENT PUBLICATION 
ATTN: Certificate of Correction Branch 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

REQUEST FOR CERTIFICATE OF CORRECTION 

Pursuant to 35 U.S.C. § 254, and 37 C.F.R. §§ 1.322 and 1.323, this is a request for a 

Certificate of Correction in the above-identified patent. The mistake identified by a(*) below is 

of a clerical or typographical nature, and resulted from an error made in good faith by the 

patentee. The mistakes identified by a(**) below occurred through the fault of the U.S. Patent 

and Trademark Office, as clearly disclosed by the records of the application which matured into 

this patent. The Commissioner is hereby authorized to charge the fee of $100.00 to Deposit 

Account No. 06-0916 as set forth in 37 C.F.R. § l.20(a). 

(*) On the title page, item (57), line 10, "inention." should read -- invention. --. 

(**) In claim 17, col. 24, line 26, "P. As," should read -- P, As, --. 

(**) In claim 17, col. 24, line 27, "Th," should read--Tb, --. 
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U.S. Patent No. 7,381,657 
Attorney Docket No. 10655.0016-01 

The complete Certificate of Correction involves one (1) page. Issuance of a Certificate of 

Correction containing the correction is earnestly requested. 

Please charge any required fees not included herewith to Deposit Account 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT UNNER, L.L.P. 

Dated: June 17, 2008 

2 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. 

APPLICATION NO.: 

ISSUE DATE: 

INVENTOR(S): 

7,381,657 

10/954,182 

June 3, 2008 

Hongmei ZHANG et al. 

Page 1 of 1 

It is hereby certified that an error or errors appear in the above-identified patent and 
that said Letters Patent is hereby corrected as shown below: 

On the title page, item (57), line 10, "inention." should read -- invention. --. 

In claim 17, col. 24, line 26, "P. As," should read -- P, As,--. 

In claim 17, col. 24, line 27, "Th," should read -- Tb,--. 

MAILING ADDRESS OF SENDER 

Finnegan, Henderson, Farabow, 
Garrett & Dunner, L.L.P. 
901 New York Avenue, N.W. 
Washington, D.C. 20001-4413 
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Electronic Patent Application Fee Transmittal 

Application Number: 10954182 

Filing Date: 01-0ct-2004 

Title of Invention: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS 

First Named Inventor/Applicant Name: Hongmei Zhang 

Filer: Gary James Edwards/Annie Wong 

Attorney Docket Number: 10655.0016-01 

Filed as Large Entity 

Utility Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Fi Ii ng: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Al I owance-and-Post-lssu ance: 

Certificate of correction 1811 1 100 100 

Extension-of-Time: 
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Description Fee Code Quantity Amount Sub-Total in 
USO($) 

Miscellaneous: 

Total in USD ($) 100 
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Electronic Acknowledgement Receipt 

EFSID: 3472815 

Application Number: 10954182 

International Application Number: 

Confirmation Number: 9873 

Title of Invention: BIASED PULSE DC REACTIVE SPUTTERING 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: 10655.0016-01 

Receipt Date: 17-JUN-2008 

Filing Date: 01-0CT-2004 

Time Stamp: 18:20:35 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $100 

RAM confirmation Number 3302 

Deposit Account 060916 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 
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File Listing: 

Document Document Description File Name File Size(Bytes) Multi Pages 
Number /Message Digest Part /.zip (if appl.} 

Request_ Certificate_ of_ Corr 35334 

1 Request for Certificate of Correction ection 17Jun2008 7381657. no 3 - -
pdf e06596b4bd76d83ab6ce8502605b8ee 

56b68d1fe 

Warnings: 

Information: 

8157 

2 Fee Worksheet (PT0-06) fee-info.pdf no 2 
ceacfa293a4c4e02a9650ef8c580ba9cf 

754cb32 

Warnings: 

Information: 

Total Files Size (in bytes): 43491 

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 Agglications 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 Agglication 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 Agglication 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 1810), a Notification of the 
International Application Number and of the International Filing Date (Form PCT/R0/105) 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 STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 7,381,657 B2 Page 1 of 1 
APPLICATION NO. : 10/954182 
DATED : June 3, 2008 
INVENTOR(S) : Hongmei Zhang et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

On the title page, item (57), Abstract line 10, "inention." should read -- invention. --. 

In claim 17, col. 24, line 26, "P. As," should read -- P, As,--. 

In claim 17, col. 24, line 27, "Th," should read -- Tb, --. 

Signed and Sealed this 

Twelfth Day of August, 2008 

JONW.DUDAS 
Director of the United States Patent and Trademark Office 

Page 1039 of 1053



PATENT 
Attorney Docket No. 10655.0016-01000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hongmei ZHANG et al. 

Application No.: 10/954, 182 

Filed: October 1, 2004 

For: BIASED PULSE DC REACTIVE 
SPUTTERING OF OXIDE FILMS 

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

Sir: 

) 
) 
) Group Art Unit: 2823 
) 
) Examiner: Michelle ESTRADA 
) 
) 
) 
) Confirmation No.: 9873 
) 
) 

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 2? , 2009 

Respectfully submitted, 

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

Reg. No. 26,014 
(650) 849-6600 
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Electronic Acknowledgement Receipt 

EFSID: 5782174 

Application Number: 10954182 

International Application Number: 

Confirmation Number: 9873 

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: 10655.0016-01 

Receipt Date: 28-JUL-2009 

Filing Date: 01-0CT-2004 

Time Stamp: 13:46:51 

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.) 

11787 

1 
Petition to withdraw attorney or agent Request_for_Withdrawal_ 1065 

no 1 
(SB83) 5-0016-01.PDF 

c431 d494a4cc3cab23a44aa0e61 de91 d766 
SdOOf 

Warnings: 

Information: 
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Total Files Size (in bytes) 11787 

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~,4,~ 
Title: i2e Ce \\/~ . 
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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/ Date/ Inventors Title Current Owner Chain of Title Reel/Frame Date Docket Patent Issued 
No. Number Date 

From Invento'.s 014766 / 0601 12/2/2003 H. Zhang Biased Pulse DC . to Symmorph1x _________________________ _ 
43668 3 11/191 643 7/27/2005 M. Narasim~an Reactive Sputtering Of SpringWorks LLC ----From Symn1orphix ____ --;~~-;-~--;-~~~~ 11/19/2007 

· ' R. Mullapud1 Oxide Films to SpringWorks LLC 
R. Demaray 

T. Pan From Inventors 020035 / 0110 10/30/2007 
to Symmorph1x 

R. Demaray Mode Size Converter · W k LLC -- -------------------------- ,----- ---. 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 / 0661 8/4/2004 
T t C d t. to ~mO.!J)hlX ---------R Demara ransparen on uc ive S · W rks LLC i------ · -- --------------------- ' 

43668.5 10/850 968 5/20/2004 M. N · yh Oxides pnng ° From Symmorphtx 20134 / 0102 11/19/2007 
' . aras1m an to SpnngWorks LLC 

. . From Inventors 014897 I 0768 1/16/2007 
Optically Couplmg Into . C ,_ __ !9__§).'.!!!!!12!PB!~--- ----------------·-···--- --------------

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 11/726,972 3/22/2007 M. Narasimhan Deposition OfTitamum From Symmorphix 
201341

0102 11/19/2007 
v. Milonopoulou And Titaniu~ Oxides to SpringWorks LLC 

And Sub-Oxides 

From Inventors O 17196 / 0699 12/21/2006 
H. Zhang . . . ----~~-~y_n!]l.15~rp_hix ____ --------------------- ---------------------

43668.44 11/297,057 12/7/2005 R. Demaray Deposition OfL1Co02 SpnngWorks LLC From Synunorphix 20134 / 0102 11/19/2007 
M. Shao to SpnngWorks LLC 

Deposition Of From Inventors O 16821 / 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 Apphcat1011s 

From Inventors 014756 / 0416 12/2/2003 
10/291 179 Low temperature . to Symmorph1x __ ----------------------- _____________________ _ ' ISSUED - R. Demaray, zirconia based thermal SpnngWorks LLC ~ S hix 

43668.6 US Pat No. 7129/08 v. Milonopoulou b . 1 b PVD From_ ymmorp 20134 / 0102 11/19/2007 
7,404,877 arner ayer Y to SpnngWorks LLC 

1 of3 Initial: =t6l: K 
Page 1044 of 1053



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/ Date/ Inventors Title 
Docket Patent Issued 

No. Number D,re From l"'mtorn 012010/0318 07/10/2001 
R. Demaray, K. Wang, Planar optical devices . >----.!_~~pnmorp~~-- _________ - --- - - ----- - - --

09/903,050 ISSUED - R. Mullapudi, D. and methods for their SpnngWorks LLC From Symmorphix 20134 / 0102 11/19/2007 
43668.8 US Pat No. 1/14/03 Stadtler, H Zhang, R. manufacture to SpringWorks LLC 

6,506,289 Peth Frominventors 
012

010/0318 07/10/2001 
R D K Wang 

· I d · to Symmorphix ____ _ _ _ ___ _ __ _ . emaray,. · , Planar opt1ca ev1c~s . LC ____________________ ------------------------- -
10/288,278 ISSUED - R. Mullapud1, D. and methods for thetr SprmgWorks L From Synnnorphix 

20
134 / 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 _________________ _ 

09/766.463 ISSUED • R. Dom.,ay' J. Shru,. . ammpho~, ;~con fo, Spd,,.W mks LLC ···~;:;~·;,..,;.,;,-;;,hlx .. -2~ 134 / 0 I 02 11/19/2007 
43668.13 U.S. Pat No. 3/18/03 K. Wang, R. Mullapud1 hard m~d plt'cations to SpringWorks LLC 6,533,907 wavegm e ap 

As-deposited planar From Inventors 012010 / 0752 07/10/2001 
R. Demaray, K. Wang, optical waveguides with to Syn1111o~h1x ---------------------- ----------- - -- -- - -3 0

81 · Q Zh S · W ks LLC -------09/90 , ISSUED - R. Mullapudt, · u, low scattering l~ss and prmg or From Symmorphix 
2013

4 / 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. Peth, -ufacture Frnm ln""1orn 

02003 5 
/ 0 II o J 0/30/2007 

. t~mo!Q_hI~ __ ____ __ _ _ __ ----- - -- --10/101,492 ISSUED - T. Pan, R. De~aray, Mode size conv~rter for SpringWorks LLC ----Fiom Symmorphix 20134 / 0102 11/19/2007 
43668.15 US Pat No. 4/26/05 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 / o 102 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 to Symmorp~~--- _ _ ___ ____ __ _ - - --- -- - - - - - - --- -

10/954,182 ISSUED - M. Narasimhan, reactive sputtering of SpringWorks LLC r----F~m Symmorphix 20134 / 0102 11/19/2007 
43668.21 US Pat No. 6/30/08 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_~~--- __ - ----- - --- -- - - - -

11/228,834 ISSUED - M. Narasimhan, reactive sputtering of SpnngWorks LLC From Symmorphix 20134 / 0102 11/19/2007 
43668.19 US Pat No. 6/9/09 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 / 0102 11/19/2007 
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()__~)'!~'l_l}!()_!£1:}i~-- - - -- --- --- -- ---- - -- - -- ----- -- - -- -

10/789,953 
ISSUED- M. Narasimhan, Dielectric Barrier Layer 

SpringWorks LLC ----From Synunorphix 
20134 / 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 / 0111 08/05/2004 to S:[mmm:p)lix ___ _ --- --- --- --- - - - ------ ------ - - - ---

11/228,805 
ISSUED- M. Narasimhan, Dielectric Barrier Layer 

SpringWorks LLC ----From Symmorphix 
20134 / 0102 11/19/2007 

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 8/5/2004 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 / 0102 
7,238,628 

7/3/07 
V. Milonopoulou 

and Titanium Oxides 
to SpringWorks LLC 

and Sub-Oxides 

By~~A-~ 
Name ~ A. Ji~~~ 

Rec.etvu Title: 

3 of3 Initi:Jlil< 

Page 1046 of 1053



PTO/SB/122 (11-08) 
Approved for use through 11/30/2011. 0MB 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 0MB control number. 

Application Number 10/954,182 

CHANGE OF 
CORRESPONDENCE ADDRESS FilinQ Date 

10-1-2004 

Application 
First Named Inventor H.Zhang 

Art Unit 2823 
Address to: 
Commissioner for Patents 

Examiner Name 
Michelle Estrada 

P.O. Box 1450 
Alexandria, VA 22313-1450 

Attorney Docket Number 43668.21 

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: 6555066 

Application Number: 10954182 

International Application Number: 

Confirmation Number: 9873 

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: 43668.21 

Receipt Date: 02-DEC-2009 

Filing Date: 01-0CT-2004 

Time Stamp: 12:29:52 

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: 

298817 

2 Change of Address 43668_21_COA.pdf no 2 
d99d50b20ef1f621 e331386a 1 b218c7bf1 aa 

07ba 

Warnings: 

Information: 

Total Files Size (in bytes) 780911 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATION NUMBER 

10/954,182 

27683 
HAYNES AND BOONE, LLP 
IP Section 
2323 Victory Avenue 
Suite 700 
Dallas, TX 75219 

FILING OR 3 71 (C) DATE 

10/01/2004 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Hongmei Zhang 43668.21 
CONFIRMATION NO. 9873 

POA ACCEPTANCE LETTER 

I llllllll llll llll lllll ll]~!l]!~l!~l!~IIJI~ JI~ ~Ull lllll 111111111111111111 

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 1 of 1 
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Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

10/954,182 10/01/2004 Hongmei Zhang 43668.21 
CONFIRMATION NO. 9873 

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

POWER OF ATTORNEY NOTICE 

I llllllll llll llll lllll ll]~!l]!~l!~l!~IIJI~ JI~ ~Hll lllll 111111111111111111 

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 1 of 1 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 37l(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID 

10/954,182 10/01/2004 Hongmei Zhang 48604.22 

Acknowledgement of Change to Small Entity Status 

The entity status change request below filed through Private PAIR on 08/06/2019 has been accepted. 

CERTIFICATIONS: 

Change of Entity Status: 

X Applicant asserting small entity status. See 37 CFR 1.27. 
NOIB: If the application was previously under micro entity status, checking this box will be taken to be a notification of 
loss of entitlement to micro entity status. 

93174 

This portion must be completed by the signatory or signatories making the entity status change in accordance 
with 37 CFR 1.4( d)( 4). 

Signature: !Gary Edwards/ 

Name: Gary Edwards 

Registration Number: 41008 
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