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DEC 21 2005

Remus!
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

PATENT

CustomerNo. 22,852
Attorney Docket No. 9140.0016-01

 
In re Applicationof:

ZHANG,Hongmeiet al. Group Art Unit: 2823

a

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)

Application No.: 10/954,182 ) Examiner: ESTRADA;Michelle
)
)
)
)

SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

THIRD SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER37 C.F.R.§1.97(c

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicants bring to the attention of the

Examiner the documents on the attachedlisting. This Information Disclosure Statementis being

filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the

mailing date ofeither a Final action, Quayle action, or a Notice of Allowance. Underthe

provisions of 37 C.F.R. § 1.97(c), the Commissioneris hereby authorized to chargethe fee of

$180.00 to Deposit Account No. 06-0916 as specified by Section 1.17(p). ©

Copiesof the listed non-patentliterature documents are attached. Copies of the U.S.

patents and patent publications are not enclosed.

Applicants respectfully request that the Examiner consider the listed documents and

indicate that they were considered by making appropriate notations on the attached form.

12/28/2005 SSITHIB1 00000001 060916 10954182
FC1806 180.00 DA
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b-

This submission does not represent that a search has been madeorthat no betterart exists

and does not constitute an admissionthat each orall of the listed documents are material or

constitute "prior art." If the Examinerapplies any of the documents as priorart against any

claimsin the application and Applicants determine that the cited documents do not constitute

"prior art” under United States law, Applicants reservethe rightto presentto the office the

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

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

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

applied against the claimsof the presentapplication.

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 & DUNNER,L.L.P.

Dated: December21, 2005

| Express Mail Label No. |
| EV 758329240 US
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TT«US5,478,456 12-26-1995|Humpalet al. Po

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

 

FOREIGN PATENT DOCUMENTS

Examiner i Publication Date Name of Patentee or Pages, Columns,Lines, Translation‘
Initials" . Foreign Patent Document Applicant of Cited Document Where Relevant Passages orRelevant Figures Appear

Country Code? Number’ Kind Code’(iftnoun)

NON PATENT LITERATURE DOCUMENTS

Examiner Cite Include nameofthe author (in CAPITAL LETTERS),title ofthe article (when appropriate),title of the item (book, Translation®
Initials” No.! magazine, journal, serial, symposium,catalog,etc.), date, page(s), volume-issue number(s), publisher, city and/or

country where published.

DOREY,R.A., “Low temperature micromoulding of functional ceramic devices,” Grant
summary for GR/S84156/01 for the UK Engineering and Physical Sciences Research Council, |
2 pages (2004).

HOWSON,RLP., “The reactive sputtering of oxides and nitrides,” Pure & Appl. Chem.
66(6):1311-1318 (1994).

Office Action issued September 21, 2005 in U.S. Application No. 11/100,856 (Attorney
Docket No. 09140.0015-01).

Office Action issued on August 4, 2005, in U.S. Application No. 10/101,863 (Attorney Docket
No. 09140.0016-00).
Office Action issued on August 8, 2005 in U.S. Application No. 10/101,341 (Attorney Docket,
No. 09140-0017-00).

Office Action issued on October 3, 2005 in U.S. Application No. 10/650,461 (Attorney Docket
No. 09140-0025-00). “ 

Examiner Date
Signature Considered

EXAMINER:Initial if reference considered, whetherornotcitation is in conformance with MPEP 609. Drawline through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-01

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Applicationof:

ZHANG, Hongmeietal.

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:

SUBMISSION OF REPLACEMENT DRAWINGS 

Subject to the approval of the Examiner, please replace the drawingsin the

above-identified application with the twenty-seven (27) sheets of drawingsfiled herewith

(Figures 1A-1B, 2-15, 16A-16D, and 17-33). If the replacement drawings for any reason are not

in full compliance with thepertinent statutes and regulations, please so advise the undersigned.

If any fees are necessary for the submission of these formal drawings, please charge our

Deposit Account No. 06-0916.

Respectfully submitted,

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

 
  

Date: December 21, 2005 By:
Gary J. Edwards

Reg. No. 41,008

| EXPRESS MAIL LABEL NO.

| EV 758329240 US
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PATENT

, Customer No. 22,852
M Attorney Docket No. 9140.0016-01 

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of:

ZHANG,Hongmeiet al. Group Art Unit: 2823

Application No.: 10/954,182 Examiner: ESTRADA,Michelle

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)
)
)
)

)
~ SPUTTERING OF OXIDEFILMS __)

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER 37 C.F.R.§ 1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicants bring to the attention ofthe

Examiner the documentsonthe attachedlisting. This Information Disclosure Statementis being

: filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the

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

provisions of 37 C.F.R. § 1.97(c), the Commissioner is hereby authorized to charge the fee of

$180.00 to Deposit Account No. 06-0916 as specified by Section 1.17(p).

Copies of the listed non-patentliterature 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 madeorthat no better art exists

and doesnot constitute an admission that eachorall of the listed documents are material or

constitute “priorart." If the Examinerapplies any of the documents asprior 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 presentto 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 ofthe present application.

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

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

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

 Dated: March 2, 2006 By:
y

Reg. No. 41,008
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FTWO 2004/106581 A2 12-09-2004|Symmorphix,Inc.
FTWO 2004/106582 A2 ~ |12-09-2004 |Symmorphix, Inc.
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KIM,H-K.and YOON,Y., “Characteristics of rapid-thermal-annealed LiCoO, cathode film
for an all-solid-state thin film microbattery,” J. Vac. Sci. Technol. A 22(4):1182-1187 (2004).

Response to Office Action filed on October 17, 2005 in U.S. Application No. 10/291,179

 
  

 

(Attorney Docket No. 09140-0001-00).

Final Office Action issued on December 14, 2005 in U.S. Application No. 10/291,179
(Attorney Docket No. 09140-0001-00).

PCTInvitation to Pay Additional Fees for PCT/US01/22750, dated March 13, 2002 (Attorney
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(Attorney Docket No. 09140.0016-00).
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(Attorney Docket No. 09140.0016-00).
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(Attorney Docket No. 09140.0016-00).
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THEPATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization —

Intemational Bureau

(43) International Publication Date
9 December 2004 (09.12.2004)

 - EN800000
(10) International Publication Number

WO 2004/106581 A2
 

(51) International Patent Classification’: C23C 14/08,
14/34

(21) International Application Number:
PCT/US2004/014523

(22) International Filing Date:—21 May 2004 (21.05.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/473,379 23 May 2003 (23.05.2003) US

(71) Applicant (for all designated States except US): SYM-
MORPHIX, INC. [US/US]; 1278 Reamwood Avenue,
Sunnyvale, CA 94089-2233 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only):|DEMARAY,

Richard, Ernest [US/US]; 190 Fawn Lane,Portola Valley,
CA 94028 (US). NARASIMHAN,Mukundan [IN/US];
293 Bluefield Drive, San Jose, CA 91536 (US).

(74) Agent: GARRETT, Arthur, S., Finnegan, Henderson,
Farabow, Garrett & Dunner, L.L.P., 1300 I Street N.W.,
Washinton, D.C. 20005-3315 (US).

(81) Designated States (unless otherwise indicated, for every
kind ofnational protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW. BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG,ES,FI,
GB, GD, GE, GH, GM,HR, HU, ID,IL, IN, IS, JP, KE,
KG,KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH,PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, T™,
TN,TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
zw.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, T™),
European(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES,Fl,
FR, GB, GR, HU,IE, IT, LU, MC, NL,PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
— without intemational search report and to be republished

upon receipt of that report

For two-letter codes and other abbreviations, refer to the “Guid-
ance Notes on Codes and Abbreviations”appearing at the begin-
ning ofeach regularissue ofthe PCT Gazette.

o

nn
(54) Title: TRANSPARENT CONDUCTIVE OXIDES

(57) Abstract: A method of deposition ofa transparent conductive film from a metallic target is presented. A method of forming a
&} transparent conductive oxide film according to embodiments of the present invention include depositing the transparent conductive
(NI oxide film in a pulsed DC reactive ion process with substrate bias, and controlling at least one process parameterto affect at least one

characteristic of the conductive oxide film. The resulting transparent oxide film, which in some embodiments can be an indium-tin
oxide film, can exhibit a wide range of material properties depending on variations in process parameters. For example. varying the
process parameters can result ina filmwith a wide rangeofresistive properties and surface smoothness of the film.
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WO 2004/106581 PCT/US2004/014523

Transparent Conductive Oxides

Related Applications

[0001] The present application claims priority to U.S. Provisional Application
60/473,379,“Transparent Conductive Oxides from a Metallic Target,” by R. Emest
Demaray and Mukundan Narasimhan, filed on May 23, 2003,herein incorporated by
referencein its entirety. ,

Background

1, Field of the Invention

[0002] Thepresentinventionis related to deposition of oxides ona substrate and,
in particular, deposition of transparent conductive oxides. 1
2. Discussion of Related Art

[0003] Transparent conductive oxides have a wide variety of uses, including
applications to solar cells, organic light emitting diodes (OLEDs),electric field
devices, current devices(i.e. touch screens),energy efficient windows, conductive .
anti-reflective devices, electromagnetic interference shields, heaters, transparent .
electrodes, coatings for cathode ray tube (CRT) displays, to name only a few.
Another important application is for touch sensitive MEMSdevices, such as those
used, for example, in fingerprint sensors and such. In many cases, the electrical
properties of the conductingfilm is ofgreat importance.
[0004] Specifically, for OLED applications,films deposited with current
technologies are generally rough, resultingin stress risers and field concentration
issues, that can cause leakage. Further, asperities in the resulting film can induce

lifetime dependent defects in nearest neighborfilms that can shorten device lifetimes.

Additionally, the brightness of the emergent light from the OLED can be reduced.
{0005} Transparent conductive oxides have been deposited from ceramic targets
by RF magnetronsputtering. However, the surface ofproperties of the resulting films
often include nodules or asperites which can cause arcing, defects, surface roughness,

_ and other deleterious effects in the resulting film. Additionally, ceramic targets tend
to be moreexpensive to produce than metallic targets.
[0006] Previousattempts at deposition of transparent conductive oxides, for
example indium tin oxide (ITO), with metallic targets have presented numerous
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problems, including small process windows, problems in process controllability, a

disappearing anodeeffect, and particle deposition on the film. Suchattempts have
been abandoned. Deposition with ceramic targets has also been difficult, including

problems with particles, nodule formation, and arching during deposition. In both

cases, film smoothness has presented major difficulties. Additionally, control offilm

parameters such as, for example,resistivity and transparency has been difficult.

[0007] Therefore, there is need for cost effective deposition of smoother layers of

transparent conductive oxides with greater control over layer properties such as

resistivity and transparency.

Summary

[0008] In accordance with the present invention, a method of depositing ofa

transparent conductive film from a metallic target is presented. A methodofforming
a transparent conductive oxide film according to embodiments of the present
invention includes depositing the transparent conductive oxide film in a pulsed DC

reactive ion process with substrate bias, and controlling at least one process parameter
to provide at least one characteristic of the conductive oxide film at a particular value.
[0009] A method ofdepositing a transparent conductive oxide film on a substrate

according to some embodiments of the invention, then, includes placing the substrate

in a reaction chamber, adjusting power to a pulsed DC power supply coupled to a

target in the reaction chamber, adjusting an RF bias power coupled to the substrate,

adjusting gas flow into the reaction chamber, and providing a magneticfield at the
target in order to direct deposition of the transparent conductive oxide film on the

substrate in a pulsed-dc biased reactive-ion deposition process, wherein the

transparent conductive oxide film has a particular characteristic.

[0010]=Theresulting transparent oxide film, which can be deposited according to
some embodiments ofthe present invention, can be an indium-tin oxide (ITO)film.

An ITO film can have a wide range ofmaterial properties depending on variations in

process parameters. For example, varying the process parameters according to some

embodiments ofthe present invention can result in a wide rangeofresistive properties
and surface smoothnessofthe film.

[0011]§These and other embodiments of the invention are further discussed below

2
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with reference to the following figures.

Short Description of the Figures
[0012] Figures 1A and1Billustrate a pulsed-DC biased reactive ion deposition |
apparatus that can beutilized in the methods of depositing accordingto the present
invention. | .
[0013] Figure 2 shows an exampleofa target that can be utilized in the reactor
illustrated in Figures 1A and 1B

j0014] Figure 3A shows an Atomic Force Microscopy (AFM) iimageofan
indium-tin-oxide (ITO)process according to some embodiments ofthe present
invention.

[0015] Figure 3B shows an Atomic Force Microscopy (AFM) image of another
ITO process deposited using a process according to some embodiments ofthe present
invention. .
[0016] Figure 4 shows the variation of bulk resistivity of an ITO layer according
to some embodiments ofthe present invention as a function ofthe oxygen flow for
two different target powers before and after a 250°C anneal in vacuum.
[0017] Figure 5shows the variation ofthe sheet resistance of anITO layer
according to some embodiments ofthe present invention as a function of the oxygen
flow used for two different target powers before and after a 250 °C anneal in vacuum.

[0018} Figure 6 shows thetarget current and voltage (min and max)as a function
ofoxygenflow. ,
[0019] Figure 7 shows the thickness changein layers of ITO according to
embodiments ofthe present invention as a function of oxygen flow.

[0020] Figure 8 illustrates the relationship between oxygen flow and oxygen
partial pressure for a metallic target. |
[0021] Figures 9A-9Dillustrate the smoothness of transparent conductive oxides
deposited with ceramic targets according to the present invention. .
[0022] In the figures, elements having the same designation have the sameor
similar function.
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Detailed Description

[0023] Deposition of materials by pulsed-DC biased reactive ion deposition is
describedin U.S. Patent Application Serial No. 10/101863, entitled “Biased Pulse DC

Reactive Sputtering of Oxide Films,”to HongmeiZhang, et al., filed on March 16,
2002. Preparation oftargets is described in U.S. Patent Application Serial No.
10/101,341, entitled “Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar
Applications,”to Vassiliki Milonopoulou,et al., filed on March 16, 2002. U.S. Patent

‘Application Serial No. 10/101863 and U.S. Patent Application Serial No. 10/101,341

are each assigned to the same assignee as is the present disclosure and each is
incorporated herein in their entirety. Deposition of oxide materials has also been

described in U.S. Patent No. 6,506,289, which is also herein incorporated by reference
in its entirety. Transparent oxidefilms are deposited utilizing processes similar to
those specifically described in U.S. Patent No. 6,506,289 and U.S. Application Serial _
No.10/101863. | |

[0024] Figure 1A shows a schematic of a reactor apparatus 10 for sputtering material
fromatarget 12 accordingto 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 substratesize)
systemfrom Applied Komatsu, Santa Clara, CA. The AKT-1600 reactor, for
example, has three deposition chambers connected by a vacuum transport chamber.

These Komatsu reactors can be modified such that pulsed DC power is supplied to the

target and RF poweris supplied to the substrate during deposition of a material film.
[0025] Apparatus 10 includes target 12 whichis electrically coupled throughafilter

15 to a pulsed DC power supply 14. In some embodiments, target 12 is a wide area
sputter source target, which provides material to be deposited on a substrate 16.
Substrate 16 is positioned parallel to and opposite target 12. Target 12 functions as a

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

ofpowerto 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 20is scanned acrossthe top of target 12.

[0026] For pulsed reactive dc magnetron sputtering, as performed by apparatus 10,

4
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the polarity of the power supplied to target 12 by power supply 14 oscillates between
negative and positive potentials. During the positive period, the insulating layer on
the surface oftarget 12 is discharged and arcing is prevented. To obtain arcfree
deposition, the pulsing frequency exceeds a critical frequency that can depend on
target material, cathode current and reverse time. High quality oxide films can be
made using reactive pulse DC magnetron sputtering as shown in apparatus 10.

_ [0027] Pulsed DC power supply 14 can be any pulsed DC powersupply, for example
an AE Pinnacle plus 10K. by Advanced Energy, Inc. With this DC power supply, up
to 10 kW of pulsed DC power can be supplied at a frequency of between 0 and 350
KHz. Thereverse voltage can be 10% ofthe negative target voltage. Utilization of
other power supplies can lead to different power characteristics, frequency
characteristics and reverse voltage percentages. The reverse time on this embodiment

ofpower supply 14 can be adjusted between 0 and 5 pss.
[0028] Filter 15 prevents the bias power from power supply 18 from coupling into
pulsed DC powersupply 14. In some embodiments, power supply 18 can be a2 MHz
RF power supply, for example a Nova-25 power supply made by ENI, Colorado
Springs, Co.

[0029] In some embodiments,filter 15 can be a 2 MHz sinusoidal band rejection
filter. In some embodiments, the band width ofthe filter can be approximately 100

kHz, Filter 15, therefore, prevents the 2 MHz power from the bias to substrate 16
from damaging power supply 18. |
[0030] However, both RF and pulsed DC deposited films are not fully dense and may
have columnar structures. Columnar structures can be detrimental to thin film

applications. By applying a RFbias on wafer 16 during deposition, the deposited film
can be densified by energetic ion bombardmentand the columnar structure can be
substantially eliminated.

[0031] 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 temperatureofsubstrate 16 can be held at

between —50 °C and 500°C. The distance between target 12 and substrate 16 can be

between about 3 and about 9 cm. Processgas can be inserted into the chamber of

5
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apparatus 10 at arate up to about 200 sccm while the pressure in the chamber of

apparatus 10 can be held at betweenabout.7 and 6 millitorr. Magnet 20 provides a

magnetic field of strengthbetween about 400 and about 600 Gauss directed in the

plane oftarget 12 and is moved across target 12 at a rate of less than about 20-30 '

sec/scan. In some embodiments utilizing the AKT 1600 reactor, magnet 20 can be a

race-track shaped magnet with dimensions about 150 mm by 600 mm.

[0032] Figure 2 illustrates an example of target 12. A film deposited on a substrate

positioned on carrier sheet 17 directly opposed to region 52 of target 12 has good

thickness uniformity. Region 52 is the region shown in Figure 1B that is exposed to a

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

with region 52. Region 24 shown in Figure2 indicates the area below which both

physically and chemically uniform deposition can be achieved, for example where

physical and chemical uniformity providerefractive index uniformity. Figure 2.

indicates region 52 of target 12 that provides thickness uniformity is, in general,

larger than region 24 oftarget 12 providing thickness and chemical uniformity. In

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

[0033] In some embodiments, magnet 20 extends beyond area 52 in onedirection, for

example the Y direction in Figure 2, so that scanning is necessary in only one ,

direction, for example the X direction, to provide a time averaged uniform magnetic

field. As shown in Figures 1A and 1B, magnet 20 can be scanned over the entire

extent of target 12, which is larger than region 52 ofuniform sputter erosion. Magnet

20 is moved in a planeparallelto the plane of target 12.

[0034] The combination of a uniform target 12 with a target area 52 largerthan the
area ofsubstrate 16 can providefilms ofhighly uniform thickness. Further, the

material properties ofthe film deposited can be highly uniform. The conditions of
sputtering at the target surface, such as the uniformity of erosion, the average
temperature ofthe plasma at the target surface and the equilibration of the target

surface with the gas phase ambient ofthe 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 whichis to have highly uniform optical properties such as index ofrefraction,

6
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density, transmission or absorptivity.
{0035} Target 12 can be formed ofany materials. Typically metallic materials, for
example, include combinations of In and Sn. Therefore, in some embodiments,target
12 includes a metallic target material formed from intermetallic compoundsofoptical
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 bepre-alloyed with the metallic
host components to form intermetallics. See U.S. Application Serial No. 10/101,341.
Typical ceramic target materials include alumina, silica, alumina silicates, and other
such materials.

[0036] In some embodiments ofthe invention, material tiles are formed. Thesetiles
can be mounted on a backing plate to form a target for apparatus 10. A wide area
sputter cathodetarget can be formed from a close packed array of smaller tiles. Target
12, therefore, may include any numberoftiles, for example between 2 to 20

individual tiles. Tiles can be finished to a size so as to provide a margin ofnon- -
contact, tile to tile, less than about 0.010” to about 0.020” or less than half a
millimeter so as to eliminate plasma processes that may occur between adjacent ones
oftiles 30. The distance between tiles oftarget 12 and the dark space anodeor ground
shield 19 in Figure 1B can be somewhat larger so as to provide non contact assembly
or to provide for thermal expansion tolerance during process chamber conditioning or
operation.

[0037] As shown in Figure 1B,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 becreated in region 51, which extends under the entire target 12. A
central region 52 of target 12 can experience a condition ofuniform sputter erosion.
As discussed further below,a layer deposited on a substrate placed anywhere below

central region 52 can then be uniform in thickness and other properties (i.e., dielectric,
optical index, or material concentrations). In addition, region 52 in which deposition
provides uniformity of deposited film can be larger than the area in which the
deposition provides a film with uniform physical or optical properties such as

7
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chemical composition or indexofrefraction. 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 thatall portions of the target surface

in region 52 are within a few millimeters of a planar surface, and can betypically
within 0.5 mm ofa planar surface. ,

[0038] Reactive gases that provide a constant supply of ionic oxygen to keep the
targetsurface oxidized can be provided to expand the process window. Some

examples of the gases that can beutilized for controlling surface oxidation are CO»,

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

.control system can be incorporatedto control the oxygen partial pressure in the

reactive chamber. Therefore, a wide range ofoxygenflow rates can becontrolled to

keep a steady oxygen partial pressure in the resulting plasma. Other types of control

systems such as target voltage control and optical plasma emission control systems

can also be utilized to control the surface oxidation of the target. As shown in Figure

1A, powerto target 12 can be controlled in a feedback loop at supply 14. Further,

oxygenpartial pressure controller 20 can controleither oxygen or argonpartial
pressures in plasma53.

[0039} Insome embodiments,transparent conductive oxides can be deposited on

various substrates utilizing an inidium-tin (In/Sn) metallic target. A series of

depositions on glass in accordance with the present invention is illustrated in Table I.

The parameters in the process column ofTableI are in the format (pulsed DC

power/RF bias power/pulsing frequency/reverse time/deposition time/Ar flow
(sccms)/O2 flow (sccms)). An indium-tin (In/Sn: 90%/10% by weight) target using a
reactive-pulsed DC (RPDC)process such as that described in U.S. Application Serial
No. 10/101,863 was utilized. A power supply with 2MHz RF bias applied to

Substrate 16 was utilized in the process. Along with the process parameters for each

of the separate depositions, each defined by a “Slot” number in the first column, the

target voltage, and target current ranges for each of the depositions is alsolisted.

[0040] Table 2 shows theresults obtained by using the process parameters in

Table 1. The results include the sheet resistance, thickness, bulk resistivity, and
refractive indices of the resulting films. Again, the first column indicates the slot
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number of the deposition. The process for each slot number is reiterated in column 2
of Table 2. The sheet resistance ofselected ones ofthe films resulting from the
depositionislisted in the third column and the uniformity ofthe sheet resistance is
indicated in the fourth column. Thethicknessofthe film and its uniformity of each of
the films deposited by the indicated processis indicated in the fifth and sixth columns.
The bulk resistance of selected ones ofthe films, p, is also indicated. Additionally,

_ the refractive index taken at 632 nm is indicated along with the film uniformity ofthat
index. The comments section of Table 2 indicates whether the resulting film is
transparent, translucent, or metallic in character.
[0041] Figure 3A shows the Atomic Force Microscopy (AFM) image of an ITO
film produced’ by the processidentified in slot #5 in tables 1 and 2. That process, with
particularly low oxygen flowrates (24 sccm), produced a rough film with an Ra of
about 70 A and an Rms of about 90 A. Thefilm also appears to be metallic with this
particular oxygen flow and the film roughness is high. Such a film could be
applicable to large surface area requirements, for example solar cell applications.
Wile notbeing limited by any particular theory, it is suspected that the roughness of
this film reflects the sub-stoichiometric nature ofthe film caused by insufficient
oxygen flow in the plasma. As can be seen in Figure 3B, where the oxygen flow
during deposition has been significantly increased to about 36 sccm, thefilm is
smooth. .
[0042] Figure 3B shows an Atomic Force Microscopy (AFM) image of an ITO
film deposited using the process described in slot #19 ofTables 1 and 2. In that
process, the oxygenflow rateis increased to 36 sccm. The film appears to be
transparentand conductive and the surface roughness is ~6A Ra and Rms of about 13
A, which is acceptable for OLED requirements. As can be seen from Figures 3A and
3B,variation in oxygenpartial pressure (as indicated by increased flow rate) has a
large influence on the characteristics ofthe resulting deposited film.
[0043] Theresistivity ofthe film layer and the smoothnessofthe film layer can be
related. In general, the higher the resistivity of the film layer, the smoother the film
layer. Figure 4 showsthe variation ofbulk resistivity of the ITO as a functionofthe

_oxygen flow rate used for two different target powers before and after 2.250 °C anneal
9
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in vacuum. The bulkresistivity ofthe film exhibits a sudden transition downward as -

the oxygen flow rate is lowered. This transition occurs when thetarget surface

becomes metallic from being poisoned with oxygen. The data utilized to form the

graph shown in Figure 4 has been taken from Tables 1 and 2.
{0044} Figure 5 showsthevariation ofthe sheet resistance of an ITOfilm as

function of the O2 flow used for two different target powers before and after a250C
anneal in vacuum. As shown in Figure 5, the sheet resistance follows similar trends as

the bulk resistivity of the film.

[0045] Figure 6 shows thetarget current and voltage (min and max) as a function

ofthe oxygen flow rate. The target voltage increases as the oxygen flow rateis

lowered. It could be seen here that at a 40 sccm oxygen flow rate through repeated

depositions, the target voltage is not constant. This illustrates the utility of a target

voltage feedback control systemthat adjusts the power suppliedto target 12 to hold
the target voltage constant. Therefore, as shown in Figure 1A, PDC power 14 can

include feedack loop to control the voltageon target 12.
[0046] Figure 7 showsthe thickness changeofa resulting film as a function of

oxygen flow rate in sccm. The thickness of the film increases as the oxygen flow
decreases but this could make opaque metallic films and so choosing the correct

oxygen flow and utilizing an oxygen flow feedback control system to control material
characteristics such as, for example, transparency or conductivity can be desirable.

[0047] In some embodiments, instead of oxygen flow rate, oxygen partial pressure

can be controlled with a feedback system 20 (see Figure 1A). Controlling the oxygen
partial pressure can provide better control over the oxygen content ofthe plasma, and
therefore the oxygen contentofthe resulting films, and allows better control over the
film characteristics. Figure 8 illustrates the relationship between the flow rate and
partial pressure. As can be seen from Figure8,in order to reach the saturated region

(e.g., when target 12 is completely poisoned with oxygen), no increase in flow rate is

required. In some embodiments, reactor 10 can include a partial pressure feedback
loop controller 20 that controls the oxygen flow in order to maintain a desired partial

pressure of oxygen in the plasma. Such a controller can be the IRESS system, that

can be purchased from Advanced Energy, Inc., Ft. Collins, Colorado. It has been

10
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found that film parameters such as resistivity, smoothness, and transparency can be

highly dependent on oxygenpartial pressures, and therefore these characteristics of
the resulting deposited layer can be controlled by adjusting the oxygen partial. .
pressures. .
[0048]|Some embodiments ofthe present invention can be deposited with ceramic
targets. An example target is an ITO (In/Sn 90/10) ceramic target can be utilized.
Table 3 illustrates some example processes for deposition of ITO utilizing a ceramic
target accordingto the present invention. Bulkresistivity, sheet resistance, resistance,
thicknesses, deposition rates, and index ofrefraction of the resulting films are showa
along with the process parameters utilized in the deposition, Figure 9A shows an

AFMdepiction of a transparent conductive oxide film corresponding to run #10 in
Table 3. Figure 9B shows an AFM depiction of a transparent conductive oxide film

correspondingto run #14 in Table 3. Figure 9C shows an AFM depiction ofa
transparent conductive oxide film correspondingto run #16 in Table 3. Figure 9D -
shows an AFM depiction of a transparent conductive oxide film layer corresponding
to run #6 in Table 3.

[0049] Figures 9A through 9Dillustrate the roughnesses ofselectivedepositions
ofITO deposited utilizing the ceramic target. In Figure 9A, the roughest surface

shown, the film was deposited using 3kW RF power, 100W bias, 3 sccm O2 and 60
sccm Ar at a temperature of 280 °C. The layer grew to a thickness of 1200 Ain 100
seconds of deposition time and exhibited a sheet resistance of 51 ohms/sq. The
roughnessillustrated in Figure 9A is characterized by an Ra=2.3 nm and Rus of21

[0050] ‘The ITO film shown in Figure 9B was deposited using 3 KW RF power,

300 W bias, 3 sccm O2 and 60 sccm Ar at a temperature of280°C. The layer

illustrated in Figure 9B grew to a thicknessof1 199 A in 100 sec. Thelayer in Figure
9B exhibited a sheet resistance of 39 ohms/sq. The roughness illustrated iin Figure 9B
is characterized by an Ra=1.1 nm and Rmax of 13 nm.

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

300 W bias, 3 sccm O2, 30 sccm Ar at a temperature of280 °C. The layer grew to a

thickness of 1227 A in 100 seconds of deposition time and exhibited a sheet resistance

11
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of 57 ohms/sq. The roughnessillustrated in Figure 9C can be characterized by an
Ra=0.88 nm and a Rmax of 19.8 om. .

[0052] Figure 9D was deposited using 1.5 kW RF power, 300 W bias, 0 sccm 02,
30 sccm Ar at a temperature of 280 C. The layer grew to a thickness of580 A in 100

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

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

Rmax of 4.6 nm.

[0053] Utilizing the exampledepositions described herein, the roughness and

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

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

sensitive devices. As shown in Table3,the sheet resistance ranged from about 39
OVsq for trial # 14 to a high of 12,284 $0/sq for trial #1. Careful variation of the

process parameters, therefore, allow control ofsheet resistance over an extremely

broad range. Lowresistivities can be obtained by adjusting the process parameters for
uses in devices such as OLEDS and MEMSdisplay 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 ofthe film can be controlled.

{0054} Further, deposition oftransparent conductive oxidelayers, for example

ITO, can be doped with rare-earth ions, for example erbium or cerium, can beutilized

to form color-conversion layers and light-emission sources. In some embodiments, a

rare-earth doped target can be madeina single piece to insure uniformity of doping.
Co-doping can be accomplished in the target.

[0055] Similar processesfor other metallic conductive oxides can also be
developed. For example, deposition ofzinc oxide films, Further, as can be seen in

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

example, transparent conductive oxides according to 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
ofother 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. ee
{0057]|Embodiments ofthe 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 ofthe invention described herein which are intended to be included
within the scope and spirit of the present disclosure. As such, the invention is limited
only by the following claims.

13
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Claims

Weclaim:

1. A methodofforminga 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 parameterto provide at Jeast one characteristic

ofthe conductive oxide film at a particular value.
2. The method of claim 1, wherein controlling at least one process parameter includes

controllingthe oxygen partial pressure.
3. The method ofclaim 1, wherein the transparent conductive oxide film includes
indiuim-tin oxide.

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

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

Toughness,

6. The methodofclaim 5, wherein the transparent conductive oxide film includes an

indium-tin oxide film and thefilm roughnessis characterized by!R, less than about 10
nm with Rms of less than about 20 nm.

7. The methodofclaim 4, wherein the bulk resistance can bevaried between about

2x10“ micro-ohms-cm to about 0.1 micro-ohms-cm.
8. The method ofclaim 1, wherein theat least one process parameter includes a
power supplied to a target.

9. The methodofclaim 1, wherein the at least one process parameter includes an

oxygen partial pressure.

10. The method of claim 1, wherein the at least one process parameter includes bias

power.

11. The method ofclaim 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 ofclaim 1, further including supplying a metallic target.

18
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14. The method ofclaim 1, further including supplying a ceramictarget. |
15. The method ofclaim 1, wherein the transparent conductive oxide film is doped
with at least one rare-earth ions.

16. The method of claim 15, wherein the at least one rare-earth ions includes erbium.

17. The methodofclaim 15, wherein the at least one rare-earth ions includes cerium.
18. A method ofdepositing a transparent conductive oxidefilm on a substrate,
comprising: .

. placing the substrate in a reaction chamber;
adjusting power to a pulsed DC power supply coupled to a target in the

reaction chamber;

adjusting an RF bias power coupled to the substrate;

adjusting pas 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-dc biased reactive-ion-

deposition process, wherein the transparent conductive oxide film exhibits at least one

particular property.

19. The method of claim 18, wherein at least one particular property ofthe
transparent conductive oxide film is determined by parameters of the pulsed-dc biased

reactive ion deposition process. oO

20. The method ofclaim 19, wherein the at least one particular property includes
resistivity of the transparent conductive oxidefilm.

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 methodofclaim 19, wherein the parameters include bias power.
24. The method of claim 18, wherein the target can includeat least one rare-earth

ions.

25. The method ofclaim 24, wherein the at least one rare-earth ions includes erbium.

26. The methodofclaim 24, wherein the at least one rare-earth ion includes cerbium.
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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 presentinvention claimspriority to U.S. Provisional Application Serial
No. 60/473,375, “Energy Conversion and Storage Devices by Physical Vapor

Deposition ofTitanium Oxides and Sub-Oxides,” by Richard E. Demaray and Hong
Mei Zhang,filed on May 23, 2003, herein incorporated by referenceinits 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 oftitanium 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 ofRelated Art

[0002] Currently, titanium oxidelayers are not utilized commercially in energy

storage, charge storage, or energy conversion systems because such layers are

difficult to deposit, difficult to etch, are known to have large concentrations of

defects, and havepoorinsulation properties due to a propensity for oxygen deficiency

and the diffusion of oxygen defects in the layers. Additionally, amorphoustitania 1s

difficult to deposit dueto its low recrystalization temperature (about 250 °C), above

which the deposited layeris often a mixture of crystalline anatase and rutile

structures. ,

{0003]|However, such amorphoustitania 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

chemicalstability. There are no known volatile halides andtitania is uniquely

resistant to mineral acids. Amorphoustitania is thought to have the further advantage

that there are no grain boundary mechanismsforelectrical breakdown, chemical

corrosion, or optical scattering. It is also well known that the sub oxides oftitanium

have unique and useful properties. See, e.g., Hayfield, P.C.S., “Developmentofa
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New Material- Monolithic Ti,07 Ebonix Ceramic”, Royal Society Chemistry, ISBN

0-85405-984-3, 2002. Titanium monoxide, for example, is a conductor witha ~

uniquely stable resistivity with varying temperature. Additionally, TizO3, which can

be pinkish in color, is known to have semiconductortype properties. However, these :
materials have not foundutilization because oftheir difficult manufacturein films and

their susceptibility to oxidation. Further, Ti,O7 demonstrates both useful electrical
conductivity and unusualresistance to oxidation. Ti407, however, is also difficult to
fabricate, especially in thin film form.

[0004] Additionalto 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 suboxidefilms, with or
without rare earth doping, has beensignificantly limited by previously available thin

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

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

applications.

[0006] Current practice for construction of capacitor and resistor arrays and for
thin film energy storage devicesis to utilize a conductive substrate or to deposit the

metal conductoror electrode, the resistor layer, and the dielectric capacitorfilms

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 monoxideortantalum nitride are known

to provideresistive layers with 100 parts per million orless resistivity change per

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

- dielectric materials suchas silica, silicon nitride, alumina, or tantalum pentoxide can

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

k of less than about twenty four (24). In contrast, TiO. either in the pure rutile phase

or in the pure amorphousstate can demonstrate a dielectric constant as high as 100.

~~ See, e.g., R. B. van Dover, “Amorphous Lanthanide-Doped TiO: Dielectric Films,”

2
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Appl. Phys Lett., Vol. 74, no. 20, p. 3041-43 (May 17, 1999).
[0008] It is well knownthatthe dielectric strength ofa material decreases with
increasing value of dielectric constantkforall dielectric films. A ‘figure of merit’ (
FM) is therefore obtained by the product of the dielectric constant k and the dielectric
strength measured in Volts per cm of dielectric thickness. Capacitive density of
10,000 to 12,000 pico Farads /mm?is very difficult to achieve with present
conductors anddielectrics. Current practice for reactive deposition oftitanium oxide

has achieveda figure-of-merit, FM,of about 50 (k MV/cm). See J.-Y. Kim et al.,
“Frequency-Dependent Pulsed Direct Current Magnetron Sputtering ofTitanium
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-oxidelayers, for
various applications.

Summary

[0010] In accordance with the present invention, high density oxide films are
" deposited by a pulsed-DC,biased, reactive sputtering process from a titanium

containing target. A methodofforming a titanium based layer or film according to
the present invention includes depositing a layer oftitanium containing oxide
by pulsed-DC,biased reactive sputtering process on a substrate. In some
embodiments, the layer is TiO2. In some embodiments,the layeris a sub-oxide of
Titanium. In some embodiments, the layer is Ti,Oy wherein x is between about 1 and .

about 4 and y is betweenabout1 and about7.
[0011] In some embodimentsofthe invention, the figure of merit ofthe layeris
greater than 50. In some embodimentsofthe invention, the layer can be deposited
between conducting layers to form a capacitor. In some embodimentsofthe

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 dopedlayer can be deposited between conductinglayers to
form a light-emitting device. In some embodiments ofthe invention, the erbium
doped layer can be an optically active layer deposited on a light-emitting device. In
some embodiments ofthe invention, the layer, can be a protective layer. In some

3
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embodiments, the protective layer can be a catalytic layer.

[0012]|In some embodiments ofthe invention, the layer and a TiO2 layer can be
deposited between conducting layers to form a capacitor with decreased roll-off

characteristics with decreasing thickness of the TiO2 layer. In some embodiments,the

TiO: layer can be a layer deposited according to some embodiments ofthe 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 1A and 1Billustrate a pulsed-DC biased reactive ion deposition

apparatus that can be utilized in the deposition according to the present invention.

[0015} Figure2 shows an exampleofa target that can beutilized in the reactor
illustrated in Figures 1A and 1B.

{0016] Figures 3A and 3B illustrate various configurations oflayers according to

embodimentsofthe present invention.

[0017] Figures 4A and 4Billustrate further various configurations oflayers

according to embodimentsofthe present invention.

[0018] Figure 5 showsanotherlayer structure involving one or more layers

according to the present invention.

[0019] Figure 6 showsa transistor gate with a TiOy layer according to the present

invention.

[0020] Figure7 illustrates the roll-off of the dielectric constant with decreasing

film thickness.

[0022] Figure8 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 ofa TigO7 target

obtained from Ebonex™ and an SEM crosssection ofthe TisO¢.s film deposited from

the Ebonex™ target according to the present invention.

[0023] . Figure 10 showstheindustry standard of thin-film capacitor performance

in comparison with layers according to some embodiments ofthe present invention.

[0024] Figure 11 showsthe performance ofvariousthin films deposited according

4
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to the presentinvention in a capacitorstructure.

[0025] Figure 12 shows a cross-section TEM anddiffraction pattern amorphous
and crystalline layers of TiO, on nt++ wafers.
[0026] Figure 13 shows a comparison ofthe leakage current for TiO2 films
according to embodiments of the present invention with and without erbium ion
doping.

[0027] Figures 14A and 14B showa photoluminescence signal measured from a
5000Alayer of 10% erbium containing TiO2 deposited from a 10% erbium doped
TiO conductive target and a photoluminescencesignal measured from the same layer
after a 30 minute 250 °C anneal.

[0028] Inthe figures, elements having the samedesignation have the same or
similar functions.

Detailed Description

[0029]§Miniaturization is driving the form factorofportable 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 powerdevices.

[0030]|Some embodimentsoffilms deposited according to the present invention
have a combination ofhigh 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
producethick films with new levels of available energy storage according to
E=1/2CV’.

{0031] Deposition ofmaterials by pulsed-DC biased reactive ion deposition is
described in U.S. Patent Application Serial No. 10/101863,entitled “Biased Pulse DC
Reactive Sputtering ofOxide Films,” to Hongmei Zhang, et al., filed on March 16,
2002. Preparation oftargets is described in U.S. Patent Application Serial No.
10/101,341, entitled “Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar
Applications,” to Vassiliki Milonopoulou,et al., filed on March 16, 2002. U.S. Patent

5
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Application Serial No. 10/101863 and U.S. Patent Application Serial No. 10/101,341
are each assigned to the same assignee as is the present disclosure and each is
incorporated herein in their entirety. Additionally, deposition of materials is further
described in U.S. Patent 6,506,289, which is also herein incorporated by reference in

its entirety.

[0032] Figure 1A showsa schematic ofa reactor apparatus 10 for sputtering of

material from a target 12 accordingto 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 AKTreactors can be modified such that pulsed DC (PDC) poweris

supplied to the target and RF poweris supplied to the substrate during deposition ofa
material film. The PDC powersupply 14 can beprotected from RF bias power 18 by

use ofa filter 15 coupled between PDC powersupply 14 and target 12.

[0033] Apparatus 10 includes a target 12 whichis electrically coupled throughafilter
15 to a pulsed DC powersupply 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 poweris applied to it and is equivalently termed a cathode. Application

of powerto target 12 creates a plasma 53. Substrate 16 is capacitively coupled to an

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

supply 18. Magnet 20 is scanned across the top oftarget 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 andpositive potentials. During the positive period, the insulating layer on

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

deposition, the pulsing frequency exceedsa critical frequency that depends ontarget

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 powersupply 14 can be any pulsed DC power supply, for example

6
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an AE Pinnacle plus 10K by Advanced Energy, Inc. With this example supply, up to
10 kW of pulsed DC power can be supplied at a frequency ofbetween 0 and 350
KHz. In some embodiments, the reverse voltage is 10% ofthe negative target

voltage. Utilization of other power supplies will lead to different power
characteristics, frequency characteristics, and reverse voltage percentages. The
reverse time on this embodiment of power supply 14 can be adjusted to between 0 and
5S ps.

[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 powersupply, for example a Nova-25 powersupply made by ENI, Colorado
Springs, Co. .

[0037] Therefore,filter 15 can be a 2 MHz band sinusoidal rejection filter. In some
embodiments, the bandwidth ofthe filter can be approximately 100 kHz. Filter 15,
therefore, prevents the 2 MHz power from the bias to substrate 16 from damaging
powersupply 18.

[0038] However, both RF sputtered and pulsed DC sputtered filmsare notfully dense
and maytypically 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 orderto deposit films on substrate 16 that have
dimension about 400 X 500 mm. The temperature of substrate 16 can be held at

between —50C and 500Cby introduction ofback-side gas in a physical or electrostatic

clamping ofthe substrate, thermo-electric cooling, electrical heating, or other methods
of active temperature control. In Figure 1A, 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. Processgas can beinserted into the

chamberofapparatus 10 at a rate up to about 200 sccm while the pressurein 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

7
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in the plane oftarget 12 and is movedacross target 12 at a rate ofless than about 20-
30 sec/scan. In some embodimentsutilizing 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 oftarget 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 1B 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 providerefractive index uniformity, for example. Figure 2

indicates that region 52 of target 12 that provides thickness uniformity is, in general,
larger than region 24 oftarget 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

1A and 1B, magnet 20 can be scanned over the entire extent of target 12, which is

larger than region 52 ofuniform sputter erosion. Magnet 20 is moved in a plane

parallel to the plane oftarget 12.

[0042] The combination of a uniform target 12 with a target area 52 larger than the
area of substrate 16 can providefilms ofhighly uniform thickness. Further, the

material properties of the film deposited can be highly uniform. The conditions of
sputtering at the surface of target 12, such as the uniformity of erosion, the average

temperature of the plasmaatthe target surface and the equilibration of the target

surface with the gas phase ambient ofthe process are uniform over a region whichis

greater than or equal to the region to be coated with a uniform film thickness. In
addition, the region ofuniform film thickness is greater than or equalto the region of
the film which is to have highly uniform optical properties such as index ofrefraction,

density, transmission, or absorptivity.

[0043] Target 12 can be formedofany materials, but is typically metallic materials

such as, for example, combinations ofIn and Sn. Therefore, in some embodiments,
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target 12 includes a metallic target material formed from intermetallic compoundsof
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 includerare-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. Thesetiles
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 packedarray of smallertiles. Target
12, therefore, may include any number oftiles, for example between 2 to 20
individualtiles. Tiles are finished to a size so as to provide a margin ofnon-contact,
tile to tile, less than about 0.010”to about 0.020”or less than half a millimeter so as
to eliminate plasma processes that may occur between adjacent onesofthe tiles. The
distance betweenthetiles of target 12 and the dark space anodeor ground shield 19 in
Figure 1B can be somewhat larger so as to provide non contact assembly or provide
for thermal expansiontolerance during processing, chamber conditioning, or

operation.
[0045] As shown in Figure 1B, a uniform plasma condition can be created in the
region betweentarget 12 and substrate 16 in a region overlying substrate 16. Av
plasma 53 can becreated in region 51, which extends underthe entire target 12. A

"central region 52 of target 12, can experience a condition ofuniform sputter erosion.
Asdiscussed further below, a layer deposited on a substrate placed anywhere below
central region 52 can then be uniform in thickness and other properties(i.e., dielectric,
optical index, or material concentrations). In addition, region 52 in which deposition
provides uniformity of deposited film can be larger than the area in which the
deposition provides a film with uniform physical or optical properties such as
chemical composition or index of refraction. In some embodiments,target 12 is
substantially planar in order to provide uniformity in the film deposited on substrate
16. In practice, planarity of target 12 can mean that all portions ofthe target surface
in region 52 are within a few millimeters of a planar surface, and can be typically
within 0.5 mm ofa planar surface.
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[0046] Figure 3A illustrates deposition of a layer 102 according to the present

invention deposited on a substrate 101. In some embodiments, layer 102 can be a

conducting protective layer of TiOy. Figure 3B showsa first layer 102 according to

the present invention deposited over a second layer 103, which can also be a layer
according to some embodimentsofthe present invention. In some embodiments,first

layer 102 can be a conducting protective layer and second layer 103 can be a titanium
or other conducting layer. Layer 103 is deposited on substrate 101.

[0047] Thefabrication ofhigh density capacitor and resistor arrays as well as high
energy storage solid state devices can be accomplished with embodiments of
processes according to the present invention on a wide variety of substrates such as

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

reference to Figure 3B, layer 102 can be an amorphousfilm ofTiO2, whichis

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 Ti,07

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

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

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

1000 Angstroms. Consequently, capacitors fabricated from titanium on low

temperature substrates result in high value planar capacitors and capacitor arrays with

very high capacitive density and low electrical leakage. Such electrical arrays are

useful for shielding andfiltering and buffering high frequency and maybeused in

stationary as well as in portable electronic devices.

[0048] In particular, the low temperature deposition of amorphoustitania
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 of TiO or Ti4Oy as layer 103 in Figure 3B,

deposited between a conducting layeroftitanium as layer 10] andalayeroftitania as

layer 102 ofFigure 3B can be depositedso as to provide an increase in the surface

smoothnessbyplanarization ofthe titanium in layer 101 or other metallurgical

conductive substrate layer 101 ofFigure 3B. Consequently, roughness or asperity
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based defects can be minimized or eliminated. As an example, charge injection from
a metallurgical electrode can be decreasedat 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 ofthe high k dielectric
layer, decrease point charge accumulation and support dipole formation at the
conductor-dielectric interface, sometimesreferred to as dipole coupling. These

features are important to preventtheroll-off ofthe dielectric strength of the dielectric
layer as the layer thickness is decreased below about 1000 A. It is consequently
useful in the formation of thin layers having high capacitive value.

[0050] A thick film ofdielectric material may be deposited having a high
dielectric strength for the storage ofelectrical energy. Such energy is well known to
increases with the square ofthe 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 isa
conducting layer deposited between a substrate 101 and layer 102 to form a capacitor.
As the dielectric strength of the amorphousdielectric layer of layer 102 increases in

proportionto it’s thickness, the energy storage also increases effectively as the square
ofthe 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 oftitanium 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 andin the liquid phase as well as the solid phase. Examples of such
applications includeelectrolytic energy storage or as an active electrode surface for
catalytic reactions and energy conversion such as in the oxygen-hydrogenfuelcell.
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 purposesofphotovoltaic or electrochromic energy conversion devices. It is well
known that organic based photovoltaic cells are enhanced bythe presenceoftitania in

the organic absorbing layer. Layers according to the present invention can beutilized

both for the conductivity ofelectricity, the enhancementofthe organic absorber, as

well as the overall protection of the device. ;

[0052] TiO,layers, for example, can photocatylitically produce ozone in the

presenceof sunlight. However, in the course of suchactivity, the TiO2 layer can build

up a fixed charge. Absent a metallurgical conductor, as shown in Figure 3B layer 102

can be a catalytic oxide while layer 103 can be a conducting suboxide while substrate

101 is a dielectric substrate such as glass or plastic and layer 104 is absent. In such a

two-layer device, where the oxide is provided on the surface of the sub-oxide, the sub-

oxide can form anelectrodeso that electric charge can be conductedto 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 filmsoftitanium can also be deposited on

conductive and insulating substrates to protect them from harmful chemical attack

while acting as conducting layers for electrolytic energy storage or as an active

electrode for catalytic energy conversion. Transparent and semi-transparent oxides
can be deposited sequentially so that the conducting suboxides are protected by the

transparent non-conducting oxide for purposes of protecting layered devices.
Alternatively, it is well knownthat certain crystalline suboxidesoftitania, collectively

referred to as Magnelli phases, posses unusual levels ofdurability to mineral acid

solutions and other corrosive gassiousor liquid environments. Hayfield, PCS.,
“Development of a New Material- Monolithic TisO7 Ebonix Ceramic”, Royal Society

Chemistry, ISBN 0-85405-984-3, 2002 describesthese 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 ofthe Ti” cationin layers having

the stoichometry TiO. Ofthe several compositions, TiO; 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

12
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metallurgical substrate such as aluminumortitanium and layer 102 can be TigO7. An
exampleis the catalytic ofHz and O2 to make water andelectricity.
[0054]=In this disclosure, an amorphouscoating layer according to embodiments
of the present invention, derived from a crystalline target ofTi,07, can obtain a
similar composition as described above, measured as Ti,O¢s. 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 increased density of the amorphous sputtered film according to
embodimentsofthe 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 whatare,in their crystalline environment, ‘line compounds’
with whole numberintegerratios of titanium cations to oxygen atoms. In the present

amorphousfilms, as long as one Ti’? has a nearest neighborcation in the amorphous
glass matrix with the Ti’? valence, conductive paths will be available in the sputtered
film.

j0056] The sputtered sub-oxides also have the advantage that they can belayered,
without removal from the vacuum system, with metallic titanium, other sub-oxides, as

well as TiO» for connectionto electrical conduction andinsulation. 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 possessesvery stable resistivity with temperature variation. Ti2O3 is a
semiconductor. The higher oxygen-containing Magnelli compositions obtain higher
resistivity as well as increased chemicalstability and robustness and can be utilized as

a resistive layeror as a protective, conductive layer.
[0057] Erbium doped TiO:is knowntodisplay usefullevels of
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photoluminescence. And rare earth doped titanium oxide is known to display
decreased levels ofelectrical leakage current under conditions of high electricalfield.

Layer 102 ofFigure 3B, deposited according to some embodimentsofthe present
invention, then can be erbium doped TiO, and therefore displays very high level of
breakdownandvery low leakage underelectrical stress. Additionally, a capacitor can
be formed by deposition of conductorsas layers 103 and 104 onasubstrate 101.

Consequently, capacitive and energy storage devices formed from rare earth doped
layers formed accordingto 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-dopedTiO target, target 12 ofFigure 1A, can be formed

by mixing ofTiO powder or TiO powder and Erbium or Erbium-Oxide powder. TiO

powdercan be formed from the partial oxygenation in a controlled furnace. The

mixed powderis then hipped undera controlled environment (for example hydrogen
or CO.) 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 containingtargets can

be formedin the samefashion.

[0059] Asan example,a layer of erbium doped titania ortitania containing alloy

deposited by meansofthe present invention, could be coupled as a continuousoxide

layer to a photo diode constructed proximate to dielectric layer 102 ofFigure 3A.

Such an arrangement could provide an optical means for the measurementofthe

applied electrical field or the leakage current.

[0060] Alternatively, such a rare earth doped dielectric layer 102 might be

coupled to conducting transparent oxidesso that a light wave device might be

provided for the conversionofelectrical 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 someorall of the

light emitted by the diode and re-fluorescethat light at another wavelength. In this

embodiment, layer 102 can be a rare earth containing titanium oxide or sub oxide and

substrate 101 includesa light emitting diode. An example ofthis may be the

conversion of blue light from a LED to yellow-green light by layer 102. In thatcase,
14
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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-greenlight 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 4Billustrate further stackings of layers according to
embodiments ofthe present invention. For example, layer 201 can be a TiO2

‘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 TiO, 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 Ti,Oy layer or rare earth doped
Ti,Oy layer according to the present invention. As illustrated here, layers of various
compositions of Ti,Oy, with or without rare-earth doping, have various properties. In
some embodimentsofthe invention, x can be between about 1 and about 4 and y can
be between about1 and about7.

* [0063] Figure 5 shows an example of a capacitor stack according to the present
invention. A metal conducting layer 103 is deposited on substrate 101. A conducting

protective layer 102 is deposited over conducting layer 103 and a TiO:dielectric
protective layer is deposited over the protective conducting layer 102. Another
protective conducting layer 102 can be deposited over the TiO: dielectric layer anda
metal layer can be deposited over the protective conducting layer 102. Theresulting
capacitor stack has upper and lower smoothing due to the two TiO,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 showsa 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
TiO,, 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. Deposition of Ti,Q7 film

[0065] In this example, TigO7 films were deposited using a Pulse DC scanning

magnetron PVD process as was previously described in U.S. Application Serial No.
10/101,341. Thetarget was a about 1mm thick, about 16.5x12.5 mm’tiles of

titanium oxide target obtained from a sheet of Ebonex™ which compounded of bulk

TisQ7 was bonded onto a backing plate. Ebonex™ can be obtained from Atraverda

Ltd., Oakham Business Park, Mansfield, UK. A pulsed DC generator from Advanced

Energy (Pinnacle Plus) wasused as the target power supply. The pulsing frequency

can be varied from 0-350 KHz. Reversed duty cycle can be varied from 1.3ps to 5ps

dependingonthepulsing frequency. Target power was fixed at 2 KW and pulsing

frequency was 200KHz during deposition, Ar flow rate is 100sccm. The deposition
rate at this condition is 14A/sec over a 40 by 50 cm substrate 101. A 100 W at 2

MHz 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 ofFigure 3A was deposited on

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

4 point probe to be 140 ohms/sq, with film thickness of 1.68um. The resistivity ofthe
resulting film is measured to be 0.023 ohms-cm. The composition offilm was

determined using EDX to be TiqOg.s.

Example 2. Deposition of Ti02 on Ti-Ti407 film Stack

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

DCscanning magnetron PVD process as was previously described in U.S.
Application Serial No. 10/101,341. The substrate size can be up to 600x720mm’.

The target was a ~7mm thick, ~630x750 mm’Tiplate of 99.9% purity. A pulsed DC

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

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

Reversed duty cycle can be varied from 1.3,1s to 5s 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 a2 MHz RF generator, which can be an EFI supply,

wasutilized. The chamberbase pressure was kept below 2x10” 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 chamberfor 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 PDCtarget power, pulsing frequency, oxygenpartial pressure,
and substrate bias power were variables in the DOE. Total gas flow of Ar and O2

were kept constant at 100 sccm. 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 0 to 300 W at 2Mhz. 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 TisO7layer, and layer 104 is
TiO2. Figure 7 showsthe thickness dependence ofthe dielectric constant of layer

102, showingtheroll off effect. The capacitanceofthe 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 dielectric layer 104 was measured optically. The
dielectric constant of layer 104 was then calculated from the measured capacitance.

As shown in Figure 7, the TiO,film thickness decreases, so doesthe dielectric
constant of the TiO. film.

[0071] However, this roll-off effect can be greatly reduced or eliminated in certain
embodimentsofthe present invention. Figure 8 showstwo additional data points
shownascircles which representthe dielectric constant of thin TiO:layers for layer

104 with Ti-Ti,O7 deposited as layer 102 ofFigure 3B.
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Example 3. Deposition of TiO2 on Ti-TiO, (x<2) film Stack

[0072]|Alayer of TiO2 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 sccm

and bias power of 200W. After Ti deposition, TiO2 was deposited in the same

chamberwithout oxide burn in. This process resulted in a Ti-TiO, -TiO2 (y<2) film
stack. The k value of a 200Afilm was as high as 60.

[0073] Figures 9A and9Billustrate an SEM cross-section of a Tis4O07 Ebonex™

target (Figure 9A) and an SEM crosssection of the Ti,Ocx layer (Figure 9B)

deposited from the Ebonex™ target accordingto 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, showsa highly dense layer with a smooth surface condition.

[0074] Table I showsthe effects of the dielectric properties ofTiO2 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 ofTitanium ©
Oxide Films,” by J. Y. Kim etal., J. Vac. Sci. Techn., A 19(2), Mar/Apr. 2001. The

values for PDC PVD with bias was experimentally obtained from layers deposited as

described in Example 2 above.

Voa K FM

(Mv/cm)

Reactive Sputtering|0.46~1.35 34 ~ 65.9 19~50

— :

Vapor Deposition

[0075] Ascan be seen from Table I, the breakdown voltage Via is significantly

Table I

Process

  
 

 
  with Bias

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 muchhigherthan that report by Kim et al. The reference Kim et
al. was the reference reporting the best quality TiOfilms available at the time of

filing of the prior application to which this disclosure claimspriority.
[0076] Figure 10 showsdata ofcapacitance made with layers according to the
present invention in processes as described in Example 2 above are shown in
comparison with available industry values. As is observed in Figure 10, layers of
TiO, deposited according to the present invention have higher dielectric breakdown
voltages than otherdielectric filmsutilized in industry, which is represented by the
solid line, However, due to theroll-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 ofthinnerfilms 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/mmz2 canbe 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 ona substrate 101 formed ofn++
silicon wafer. Layer 102 is formed of TiO2 deposited according to the present
invention. As shown in the SEM cross-section, the TiO2 layer showsseverallayers.
A layer 1201 is formed of SiO2 formed on substrate 101 and is formed about 20 A
thick. An amorphouslayer 1202 ofthickness about 250 Ais then formed above layer
1201. Finally, a crystalling TiO, layer 1203 is formed about 4000 A thick. In some
embodiments ofthe present invention, a continuous deposition on a substrate results
in a first amorphouslayer depositedat initially cooler temperature followed by a
further crystalline layer deposited during the increased temperature ofthe process. A
diffraction pattern inset in Figure 12 illustrates the crystalline nature of layer 1203.
[0079] Table Il tabulates data taken from a numberofbi-layer film such as that
shownin Figure 12 and completely amorphousfilms formed by repeated initial
deposition layers at cool deposition conditions. Films near 1000 A ofthickness are
compared and display similar values for the dielectric constant. However, the
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amorphous film exhibits much higher dielectric breakdown strengths. Dueto the
similar thickness and values ofthe dielectric constant, the two films exhibit similar

values for capacitance. However, the amorphousfilm illustrates superior breakdown
voltage and therefore has a higher figure of merit (FM). These trends are more
pronouncedin the thicker films with thicknesses close to 2000 A. In this case, the
values ofthe dielectric constant and capacitance are nearly identical but again there is

a significantly higher breakdown voltagein the amorphousfilm, whichresults in a
significant improvementin the figure of merit for the amorphousfilms.

Table I

Amorphous 
[0080] Therefore,it is clear that amorphous TiOfilms have much better
performance. As discussed above, thoselayers are the result of low temperature
depositions. Therefore, as was demonstrated with the data shown in Table I], one
method of producing thick amorphous TiO2 layers is to simply utilize a sequence of
low temperature depositions, halting the deposition priorto thermal heating of the
depositing film. However, this method can take a significant amount of production
time for thick films. Another embodiment ofobtaining thick TiO2 amorphousfilmsis

to apply active cooling to the substrate in an amount sufficient to provide
continuously amorphous TiO? films.

{0081] Figure 13 shows a comparison ofthe leakage current for TiO? films
according to embodiments ofthe 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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conductive. One example of the 10% doped film of 1000 A thickness was formed
with 60 sccm Ar, 6 sccm Oz, with a target powerof 3 kW,bias power of 100 W, with

a deposition time of200 sec on a metal coated glass wafer. With the meta! coating

forming a copper titanium lowerelectrode and a titanium copper gold upper electrode

patterned as 1X1 mm,discreet capacitors was then formed. The layers corresponding

to the upper data points were deposited from a puretitanium target with no erbium

doping on a TaN substrate with a evaporated platinum upperelectrode. This structure |
ofthe bottom datais illustrated in Figure 4B where, for example,layer 101 is a glass |
substrate, layer 103 is a coppertitanium layer, layer 102 is the erbium doped Ti02

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

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

many orders of magnitude by addition of erbium.

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

580 nm and measurementat 1.53 jum, measured from a 5000 A layer of 10% erbium

containing TiO2 deposited from a 10% erbium doped TiO conductive target and a

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

anneal, respectively. Table II showssimilar data for several layers deposited from

the erbium-doped TiO conductivetarget.

Table OI

Eeeal [asi CO    
 

  
[0084] According to some explanationsofthe reduction of leakage current in —

layersasillustrated by Figure 13, fast electrons that have sufficient energy to excite
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the erbium ion would causetherare 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 byelectron collisions with erbium ions. Excited state ions have at
least two relaxation mechanismsfor 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 whichis the elemental form ofheat.

In the data illustrated in Figure 13, it was not possible to observelight inthe leakage

test, but photoluminescence was observed from optical excitation of the similar 10%
Er doped TiO. deposited from the 10% Er doped TiO conductive target, as shown in
Table I.

[0085] As can be seen from the data in Table II, an erbium doped layer of
titanium oxide was shown to fluoresce strongly underoptical 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 ofthe 10% doped film of2,032 angstroms was 60 sccm Ar, 6 sccm O2, with
a target powerof 3 kW,bias power of 100 W,with a deposition time of 300 sec.

[0086] Thelevel ofphotoluminescence 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 beillustrated with Figure 3B, where layer 103 can be a
conductive layer deposited on substrate 101, layer 102 can be a rare-earth doped TiOz

layer deposited according to embodiments ofthe present invention, and layer 104 can
be a further conductive layer or a conductive transparentlayer to form an metal-

insulating-metal (MIM) capacitor structure. Such a structure could function as a light
emitting layer under either DC or ACelectrical excitation. In another embodiment,

layer 103 can bea lift-off layer such as CaF2 or other organic material, layer 102 is

22

Ex. 1004, Page 598



Ex. 1004, Page 599

WO 2004/106582 PCT/US2004/014524

the rare-earth doped TiO, layer, and layer 104 is absent, then upon lift-off or upon
transfer of layer 102, a free standing or applied layer having electroluminescentor
photoluminescentapplications can be provided overa selected device.
[0088] Thin films according to the present invention can beutilized 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 conversionapplicationsinclude high density capacitor arrays for mobile
communication devices, on-chip high “K” capacitors for advanced CMOS,andhigh
voltage energy storage for portable power devices. Otherapplications include touch-
sensitive devices and durable bar code scanners and see-through sensors as well as
implantable biometric devices.
[0089] The embodimentsdescribedin this disclosure are examples only andare
not intendedto be limiting. Further, the present invention is not intended to be

limited by any particular theoryor explanation presented to explain experimental
results. As such, examplesoftitanium oxide and titanium sub-oxide films illustrated
herein andtheir 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 ofthe present invention. As such, the invention is limited only by the
following claims.
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Claims

Weclaim:

1. A method of forminga titanium based layer, comprising:

depositing a layer of titanium containing oxide by pulsed-DC,biased reactive

sputtering process on a substrate.

2. The method ofclaim 1, wherein the layer is Ti02.

3. The methodofclaim 2, wherein the figure of merit of the layer is greater than 50.

4. The methodofclaim 2, wherein the layer is deposited between conducting layers

to form a capacitor.

5. The methodofclaim 2, wherein the layer includesat 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 theat Jeast 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, whereinthe 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 ofclaim 1, wherein the layer is a sub-oxide ofTitanium.
12. The method of claim 11, wherein the figure of merit ofthe layer is greater than

50. .

13. The method ofclaim 11, wherein the layer is deposited between conducting

layers to form a capacitor.

14. The method of claim 11, wherein the layer includes at least one rare-earth ion.

15. The method of claim 14, wherein the layer is deposited between conducting

layers to form a capacitor.

16. The method of claim 14, wherein the at least one rare-earth ion includes erbium.

17. The method of claim 14, wherein the layer is deposited between conducting

layers to form a light-emitting device.
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18. The methodofclaim 14, wherein the layer is an optically active layer deposited

ona light-emitting device.

19. The methodofclaim 14, whereinthe layer is an optically active layer applied to a

light-emitting device.

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

21. The methodofclaim 20, wherein the protective layeris a catalytic layer.
22. The method ofclaim 20, wherein the protective layer includes at least one rare-
earth ion.

23. The method of claim 1, wherein the layer is Ti,O, wherein x is between about |

and about 4 and y is between about 1 and about7.

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

50.

25. The methodofclaim 23, further including depositing an TiO» layer on the layer

wherein the layer and the TiO; layers are deposited between conducting layers to

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

the TiO, layer.

26. The methodofclaim 23, wherein the TiO2 layer is an amorphouslayer deposited

by a pulsed DC,biased, reactive ion process. |
27. The method ofclaim 23, wherein the layer includes at least one rare-earth ion.

28. The method ofclaim 27, whereinthe at least one rare-earth ion includes erbium.

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

layers to formalight-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 ofclaim 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 methodofclaim 33, wherein the protective layeris a catalytic layer.
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35. The method ofclaim 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 layeris a

protective layer.

37. The method of claim 36, wherein the protective layeris a catalytic layer.

38. The methodofclaim 1, further including

controlling the temperature ofthe substrate during deposition.
39. The method of claim 38, wherein controlling the temperature includes active

temperature control.

40. The methodofclaim 1, wherein the layer is an amorphouslayer.

41. The methodofclaim 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. Thelayer of claim 42, wherein the layer is TiO2.

44. Thelayer of claim 43, wherein the figure of merit of the layer is greater than 50.

45. Thelayer of claim 43, wherein the layer is deposited between conducting layers

to form a capacitor.

46. The layer ofclaim 43, wherein the layer includesat least one rare-earth ion.

47. Thelayer 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 formalight-emitting device.

50. Thelayer of claim 46, wherein the layer is an optically active layer deposited on a

light-emitting device.

51. Thelayer of claim 46, wherein the layer is an optically active layer applied to a

light-emitting device.

52. The layer of claim 42, wherein the layer is sub-oxide of Titanium.

53. Thelayer of claim 52, wherein the figure of merit is greater than 50.
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54. Thelayer of claim 52, wherein the layer is deposited between conducting layers

to form a capacitor.

55. Thelayer of claim 52, wherein the layer includes at least one rare-earth ion.

56. Thelayer of claim 55, wherein the layer is deposited between conducting layers

to form a capacitor.

57. The layer of claim 55, wherein the at least one rare-earth ion includes erbium.
58. The layer of claim 55, wherein the layer is deposited between conducting layers

to form a light-emitting device. .

59. Thelayer ofclaim 55, wherein the layeris 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 layeris 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 includesat least one rare-earth

ion,

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

and about4 and y is between about 1 and about7.

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 TiO2 layer on the layer

wherein the layer and the TiO2 layers are deposited between conducting layers to

form a capacitor with decreasedroll-off characteristics with decreasing thickness of

the TiO, layer.

67. The layerofclaim 64, wherein the TiOlayer is an amorphouslayer 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. Thelayer ofclaim 68, wherein the at least one rare-earth ion includes erbium.

70. The layer ofclaim 68, wherein the layer is deposited between conducting layers

to formalight-emitting device.

71. The layer of claim 68, wherein the layer is an optically active layer deposited on a

light-emitting device.

27

Ex. 1004, Page 603



Ex. 1004, Page 604

WO 2004/106582 PCT/US2004/014524

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 layeris a

protective layer.

78. The layer of claim 77, wherein the protective layer is a catalytic layer.

79. Thelayer of claim 42,further including

controlling the temperature of the substrate during deposition.

80. The layer of claim 79, wherein controlling the temperature includesactive

temperature control.

81. The layer ofclaim 42, wherein the substrate includesa transistorstructure.

82. The layer of claim 42, wherein the layer is an amorphouslayer.

83. A target, comprising: |
hipped TiO having compositionTiO.

84. The target of claim 83, further including at least one rare-earth dopant.
85. A method offorminga target, comprising:

forming a TiO powder;

mixing the TiO powder to form a mix;

hipping the mix under a controlled atmosphereto form tiles; and

forming a targetfrom thetiles.

86. The method of claim 85, further including mixing at least one rare-earth oxide

powderwith the mix.

87. The method of claim 86, wherein the at least one rare-earth oxide includes erbium

oxide.

28

Ex. 1004, Page 604



Ex. 1004, Page 605

WO 2004/106582 , PCT/US2004/014524

1/15

 
FIG. 1B

SUBSTITUTE SHEET (RULE26)

Ex. 1004, Page 605



Ex. 1004, Page 606

WO 2004/106582 PCT/US2004/014524

2/15

'
'
‘
!
3

.t1
1
t
te
'
*
,

"1
a 

SUBSTITUTE SHEET (RULE26)

Ex. 1004, Page 606



Ex. 1004, Page 607

WO 2004/106582 PCT/US2004/014524

3/15

SUBSTRATE -—~— 101

FIG. 3A

—~_ 104

—~_ 102

—~— 101

FIG. 3B.

SUBSTITUTE SHEET (RULE 26)

Ex. 1004, Page 607



Ex. 1004, Page 608

WO 2004/106582 PCT/US2004/014524

4/15

= | oN201

| —~— .103
~~101 .

FIG. 4A

TAL 201 .

Ne 102 ,

EN 103 |

=401

FIG. 4B.

SUBSTITUTE SHEET (RULE26)

Ex. 1004, Page 608



Ex. 1004, Page 609

WO 2004/106582 PCT/US2004/014524

5/15

 

102sock N

N —_0

ayIsNh
 

> oOo

SUBSTITUTE SHEET (RULE 26)

Ex. 1004, Page 609



Ex. 1004, Page 610

WO 2004/106582 PCT/US2004/014524

6/15

 
SUBSTITUTE SHEET (RULE 26)

Ex. 1004, Page 610



Ex. 1004, Page 611

WO 2004/106582 ; PCT/US2004/014524

7/19

= t
qe
ZZ

Qo °o
wx

FILMTHICKNESS(nm) FIG.7 
LINVLSNOO OlNLOST3IG

SUBSTITUTE SHEET (RULE 26)
Ex. 1004, Page 611



Ex. 1004, Page 612

@ @ 7
WO 2004/106582 PCT/US2004/014524

8/15

Bk(ONn++) Fk(ONAl)’
300

200 FILMTHICKNESS(nm) FIG:8
100_ONTi-TIOx- 

oo Oo
Oo oO100

INVLSNOO SILOS7310

SUBSTITUTE SHEET (RULE26)

Ex. 1004, Page 612



Ex. 1004, Page 613

WO 2004/106582 PCT/US2004/014524

.1.00um

 
 

 

19

$470010.0kV9.6mmx35.0kSE(U)4/15/0317: FIG.9B

5.00um
55

FIG.9A$470010.0kV9,6mmx11.0kSE(U)4/15/0314
SUBSTITUTE SHEET (RULE 26)

Ex. 1004, Page 613



Ex. 1004, Page 614

WO 2004/106582 PCT/US2004/014524

10/15 -

150

100

FIG.10OPERATINGVOLTAGE(V)
2 50°

960ATIO: a*—ONM1 
°
Q

Oo . ,
1.9 + o N =

‘zuuw/4d ALISNAG SONVLIOWEVS «
.6,000

SUBSTITUTE SHEET (RULE 26)
Ex. 1004, Page 614



Ex. 1004, Page 615

PCT/US2004/014524WO 2004/106582

11/15

 LL‘Ol(A)BOVIIOAONLLWHAdOOO!0s|
XOU-LLNO-©ZOMLOOSXOU-LLNOZOLLVOZZ

guiu/4d ALISNAG SONVLIOVdVO

SUBSTITUTE SHEET (RULE26)

Ex. 1004, Page 615



Ex. 1004, Page 616

WO 2004/106582 PCT/US2004/014524

  
AMORPHOUSLAYER

SUBSTITUTE SHEET (RULE 26)

Ex. 1004, Page 616



Ex. 1004, Page 617

WO2004/106582

1.0E-04

13/15

a
Wu &
Oo}
O

a6
t=
wii

S

_PURE TiO2CAP 
~ cO o oO

o S&S FS 8 & *
LY LJ Luww &§ ¢ ¢4€¢ 6

— — - - - -

CvWO/dNIV

SUBSTITUTE SHEET(RULE26)

PCT/US2004/014524

Ex. 1004, Page 617



Ex. 1004, Page 618

PCT/US2004/014524WO 2004/106582

14/15

%0'O0CIY3A0O-%0°CEEJ=YACNN-ALISNALNIblchOF89Q‘NDSZ'vvlSIAZISNIG(00400+Wid]SdiHd

VylSls

wugoesL:-HLONATAAVMFA1dWVSNO€L092:%06-NDV9P6S:%01--NOGLPSY:NVIGAW-LE.-:ALINYOAINN- -LEELSOUVyooz,HLONSTSAWMALAYOSIOVIWALISNALNI Nd(Zerg)L'6999:_ (0)ewALISNALNIorapt
_fyvooos-z]WMS-e-yS01L

SUBSTITUTE SHEET (RULE26)
Ex. 1004, Page 618



Ex. 1004, Page 619

PCT/US2004/014524WO 2004/106582

15/15

i

%0O0CIYsA0O-%6've2]YAOQNN-ALISNALNINDS@6bLbSIAZISNig[OOl001Wid]Sd\Hd

grb‘Old.

WUQ'OES|--HLONSTSAVMaIdWVSNOSLOEE-%06~.NDOOeET-%0b~NDSLY-NVIGAW-%OvE=~ALINYOAINN-Reece, no(ezes)o'9€22:(0)BDVYSAV-ALISNSLNIaeeSWadabotasteBk

00:8080HV7002HLONATSAVMSLSay¥OSICVLVALISNSLNI 
[yooos-z]WMS-€-Ys0IL

SUBSTITUTE SHEET (RULE 26)

Ex. 1004, Page 619



Ex. 1004, Page 620

This Page is Inserted by IFW Indexing and Scanning
Operationsandis not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this documentare accurate representations of the original
documents submitted by the applicant.

Defects in the images includebutare notlimited to the items checked:

L) BLACK BORDERS

CL) IMAGE CUT OFF AT TOP, BOTTOM ORSIDES

Louwen TEXT OR DRAWING
C) BLURRED OR ILLEGIBLE TEXT OR DRAWING

C) SKEWED/SLANTED IMAGES

CL) COLOR OR BLACK AND WHITE PHOTOGRAPHS

CL) GRAY SCALE DOCUMENTS

L) LINES OR MARKS ON ORIGINAL DOCUMENT

UL) REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

L) OTHER:

IMAGES ARE BEST AVAILABLE COPY.

As rescanning these documentswill not correct the image
problems checked, please do not report these problemsto
the IFW Image Problem Mailbox.

Ex. 1004, Page 620



Ex. 1004, Page 621

wee

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 223 13-1450www.uspto.gov

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

 
10/954,182 10/01/2004 Hongmei Zhang 09140-0016-01000 9873

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER ESTRADA, MICHELLE
LLP

901 NEW YORK AVENUE, NW
WASHINGTON, DC 20001-4413 2823 :

DATE MAILED:03/09/2006

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03) Ex. 1004, Page 621



Ex. 1004, Page 622

Application No. Applicant(s)

10/954,182 ZHANG ETAL.

Office Action Summary Examiner Art Unit
Michelle Estrada 2823 po

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY(30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time maybe available underthe provisions of 37 CFR 1.136(a). tn no event, however, maya reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.

- IfNO period for reply is specified above, the maximumstatutory period will apply and will expire SIX (6) MONTHSfrom 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).

Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)<] Responsive to communication(s)filed on 21 December 2005.
2a)L] This action is FINAL. 2b) This action is non-final.
3)L] Since this application is in condition for allowance except for formal matters, prosecution as to the meritsis

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) 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) Claim(s) 67,62 and 85 is/are allowed.
6)X] Claim(s) 41-43 and 45-60is/are rejected.
7) Claim(s) 87-89 is/are objectedto.
8)L) Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)_] The specification is objected to by the Examiner.
10)X] The drawing(s)filed on 21 December 2005 is/are: a)XJ accepted or b)L_] 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 correctionis required if the drawing(s) is objected to. See 37 CFR 1.121(d).

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

Priority under 35 U.S.C. § 119

12)C] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LAl b)LJ Some* c)L Noneof:

1.1.1 Certified copies of the priority documents have beenreceived.
2.L.) Certified copies of the priority documents have been received in Application No.
3.L) Copiesof the certified copies of the priority documents have been receivedin 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) X Notice of References Cited (PTO-892) 4) oO Interview Summary (PTO-413)
2) L] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.__.
3) EX] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 7/25/05, 12/21/05. 6) UC) other:_

 
U.S. Patent and Trademark Office

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060306
Ex. 1004, Page 622



Ex. 1004, Page 623

Application/Control Number: 10/954,182 Page 2
Art Unit: 2823

DETAILED ACTION

Claim Rejections - 35 USC § 103

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

obviousnessrejections set forth in this Office action:

(a) A patent may not be obtained though the inventionis not identically disclosed or described as set
forth in section 102 ofthistitle, 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 mannerin 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 powerto 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

modeor 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 scopeof 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 magnetin one direction across the target where the

magnet extends beyondthe 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 Nz2 or

NHs.

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, Chenet 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 oneofordinary 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.

Re claim 46, Chenetal. 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; therebyit will adjust the index refraction of the film.

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

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

the substrate (Seefig. 3).
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Application/Contro! Number: 10/954,182 Page 5
Art Unit: 2823

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 etal. (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 oneof 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.

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

(Abstract).

Re claim 54, Milonopoulouet 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 etal. disclose wherein the alloyed target includes one

or more elements taken from a set consisting of Si, Al, Er and Yb.
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Application/Control Number: 10/954,182 Page 6
Art Unit: 2823

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

target.

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

prealloy atomization and hotisostatic 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 anyintervening 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 numberis 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 numberis 571-272-

2800.
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Application/Control Number: 10/954,182 Page 7
Art Unit: 2823

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).

—

strada

Primary Examiner
Art Unit 2823

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 TRADEMARKOFFICE

In re Application of:

ZHANG, Hongme’et al. Group Art Unit: 2823

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)

Application No.: 10/954,182 ) Examiner: ESTRADA,Michelle
)
)
)
)

SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

AMENDMENTANDRESPONSETOOFFICEACTION

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 monthsand authorization for the

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

application as follows:

Amendmentsto the Claimsare reflected in the listing of claims that begins on page 2 of

this paper.

Remarks/Argumentsfollow the amendmentsections on page 6 of this paper.
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AMENDMENTSTO THE CLAIMS:

Thislisting of claims will replace all prior versions andlistings of claimsin the

application:

Claims 1-40 (Canceled).

Claim 41 (Previously presented): The methodof 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 oneor moreofa set consisting of N2, NH3,

CO, NO, CO, halide containing gasses.

Claim 43 (Currently amended):Fhemethed-ofclaims59-60-0r-85,A method of

depositing a film on a substrate, comprising:

providing a process gas between a target and a substrate;

providing pulsed DC powerto 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 methodof claims 43,59, 60, or 85, wherein the

magnetic field is provided by a moving magnetron.

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

holding the temperature of the substrate substantially constant.

Claim 47 (Currently amended): The methodofclaims 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 of refraction 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 powerto a target includes providing pulsed DC powerto a target which has

an area larger than that of the substrate.

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

uniformly sweeping the target with a magneticfield.

Claim 52 (Previously presented): The methodof 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 beyondthetarget 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 morerare-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.
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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 eachtile ofthe tiled

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

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

comprising: .

providing a process gas betweena target and a substrate;

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

providing a magneticfield to the target; and

wherein a material is deposited on the substrate, and

an oxide film is formedbyreactive sputtering in metallic mode.

Claim 60 (Currently amended): A methodofdepositing a film on a substrate,

comprising:

providing a process gas betweena target and a substrate;

providing pulsed DC powerto the target through a narrow band-rejectionfilter;

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 powertothe target;

providing a magneticfield to the target; and

reconditioning a metallic target;

wherein a material is deposited on the substrate.

Claim 62 (Previously presented): The methodof 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 betweena target and a substrate;

providing pulsed DC powerto the target;

providing a magnetic field to the target; and

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

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

Claim 86 (Canceled).

Claim 87 (Currently amended): The methodaccordingto claims 43,59, 60, or 85, further

comprising: wherein the narrow band-rejectionfilter rejects power at an RF frequency, and

further including

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

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

bandREnarrow band-rejection filter has a bandwidth of about 100 kHz.

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

has-a-frequency-offrequency is about 2 MHz.

Claims 90-92 (Canceled).

-5-
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REMARKS

Claims 41-43, 45-62, 85, and 87-89 are pendingin 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 amendedto be independent. Claims 42, 45-51, 53, and 87 have been amendedto adjust

their dependency. Claims 87-89 have been further amendedforclarity to better claim the

invention. Claims 59 and 60 have been amendedas described below.

Claim Rejections under 35 U.S.C.§103

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

The Examinerrejected 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 (“Smolonoffet 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 amendedto clarify

that the pulsed DC poweris 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

powerand 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 Examinerhas indicated that claim 85 is allowable. Claims 59-60 are

allowable, as discussed above. Claim 43, which also recites “‘a narrow band-rejectionfilter,”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 Examinerrejected claims 41, 42, 46, 68, and 50 under 35 U.S.C. 103(a) as being

unpatentable over Smolonoffetal. in view of D’Coutoet 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 (“Chenet

al.”’).

As discussed above, claims 43, 59, 60, and 85 are allowable over Smolonoffin 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 andis therefore allowable

for at least the same reasonsasis 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 reasonsasis claims 43, 59, 60, and 85.

Claims 43 and 53-58

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

unpatentable over Smolonoffet 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 Milonopoulouet al. (2003/0175142).

Asan initial matter, Milonopoulou can not be consideredpriorart 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 oneinto the other. Milonopoulouis

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

-7-
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amendmentfiled 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 andare therefore

allowable for at least the same reasonsasis claims 43, 59, 60, and 85.

Allowable Subject Matter

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

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

base claim and any intervening claims. The Examinerhasfurther 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 reasonsas 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 oftime required to enter this response and charge any

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

Respectfully submitted,

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

Date: August 9, 2006

EXPRESS MAIL LABEL NO.

EV 901562545 US

 
Reg. No. 41,008

-9-
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OS -M OF

PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-01

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

ZHANG,Hongmeietal. Group Art Unit: 2823

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)

Application No.: 10/954,182 ) Examiner: ESTRADA,Michelle
)
)
)
)

SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

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 extensionsof time required to enter this response and charge any

additional required fees to our deposit account 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
ER, L.L.P.

BANCO §GGB08018 866916 18954182

 Date: August 9, 2006 By:_ AJ

EXPRESS MAIL LABEL NO.

EV 901562545 US
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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, Hongmeiet al. Group Art Unit: 2823

Application No.: 10/954,182 Examiner: ESTRADA,Michelle

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)
)
)
)

SPUTTERING OF OXIDE FILMS ___)

MAIL STOP AMENDMENT

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

FIFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER37 C.F.R.§ 1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicants bring to the attention of the

Examiner the documentsonthe attached listing. This Information Disclosure Statement is being

filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the

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

provisions of 37 C.F.R. § 1.97(c), the Commissioner is hereby authorized to charge the fee of

$180.00 to Deposit Account No. 06-0916 as specified by Section 1.17(p).

Copiesof the listed non-patentliterature documents are aftechesAB)IES OFGARGALI. 868916 18954182
@2 FC:1806 188.8 DA

patents and patent publications are not enclosed.

Applicants respectfully request that the Examiner considerthe 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 madeorthat no better art exists

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

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

claims in the application and Applicants determinethat the cited documents do notconstitute

"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 overthe 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

  
Dated: August 9, 2006 By:

Express Mail Label No.
EV 901562545 US

 ry ¥ Edwards
Reg. No. 41,008
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POWDER-METALLURGICAL PROCESS FOR THE PREPARATION OF TARGETS

Dr. Stephan Schittnyetal.
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FEDERAL REPUBLIC OF GERMANY

GERMAN PATENT OFFICE

PATENT NO.DE 37 38 738 C1

(Patentschrift)

Int. CL*: B22F 7/00
HOLL 21/03

Filing No.: P 37 38 738.3-24

Filing Date: November 14, 1987

Publication Date of Patent Grant: January 26, 1989

POWDER-METALLURGICAL PROCESS FOR THE PREPARATION OF TARGETS

[Pulvermetallurgisches Verfahren zur Herstellung von Targets]

Inventors: Dr. Stephan Schittny et al.

Patent Holder: Degussa AG

Publications Taken in Consideration

For Judging Patentability: DE 35 37 191 Al

Claims 

1. Process for the preparation of highly pure mechanically stable and densetargets 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,characterizedin that the rare earths

are inserted with the correspondingtransition 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 densetargets 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.

Eitherinert 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

meansofelectron 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 ofnon-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 crumbleinto

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

higherportions of reaction-sensitive components andthat react, e.g., with atmospheric oxygen.

Dueto 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, whichis 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 aforementionedtransition 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 becarried out

expensively for a minimum ofat least two hours, by means ofwhich 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 powderofrare earthsis still relatively high.

It was thus the problem ofthe 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/ornickel 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 anda fine distribution ofbrittle phases andas little oxygen as possible.

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

earths are inserted with the correspondingtransition 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 masteralloys of rare earths and the correspondingtransition 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 compactedinto targets. The compacting of said mixture can be

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

isostatic pressing or combinations thereof in a vacuum or underinert gas.

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

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

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

formed by meansofdiffusion at the boundaries of the rare earth phases andthetransition metal

phases. Through the use of master alloys betweenrare 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 ofmachining, 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 ofparticles 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 meansof 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 owingto the briefer residence timein theinstallation. Moreover,

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

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

more favorably in comparison to atomization of pure rare earths.

Surprisingly, the use of masteralloys 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 advantageofthis process.

As atule, 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 advantageousdistribution

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

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

(10° 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 pm and havinga yield of 70-80% is

obtained by meansof subsequentgrindingin a ball mill. The desired target compositionof, e.g.,

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

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

moved mixer.

The processes of high-temperatureisostatic 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 Mpapressure and 20 minute residencetime 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 ofiron grains, zones of intermetallic phases

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

than 1200 ppm. Longerresidence 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 timesas brief as

possible are to be observed.

For compacting by meansofhot-rolling, the powder mixtureis 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% ofthe

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

that for compacting by means of high-temperatureisostatic pressing.

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

The forging process can be carried out at 800°C in a 200 ton forge. The achievable densityis,at

60% conversion ~ 99% ofthe theoretical density.

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

Forthe 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 700-800°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 powderfeatures good

yields of e.g., 80-90% at a grain size < 88 pm. With the aid ofthe 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 grainstructures in turn are

composed ofiron 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 bysaid
means,
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material,having relatively low m.pt.

ADVANTAGE - Prod. has low proportion and fine distribution of brittle
phases, with lowest possible 02 content.

CHOSEN- Dwg .0/0
DRAWING:

TITLE- HIGH PURE DENSE TARGET CATHODE SPUTTER PRODUCE RARE EARTH
TERMS: TRANSITION METAL IRON COBALT NICKEL INERT ATMOSPHERE

DERWENT-CLASS: M13 M22 P53 Ulli

CPI-CODES: M13-G02; M22-H03G;

EPI-CODES: U11-C05C2; U11-CO9A;

SECONDARY -ACC-NO:

CPI Secondary Accession Numbers: C1989-014270
Non-CPI Secondary Accession Numbers: N1989-025076

7/21/2006, EAST Version: 2.0.3.0

Ex. 1004, Page 656



Ex. 1004, Page 657

sunpesrepusik @ Patentschrift @ Int. cl. 4:
DEUTSCHLAND ®@ DE 37 38 738 C1 B22F 7/00

H O01 L 21/203

(Qi) Aktenzeichen: P 37 38 738.3-24
(2) Anmeldetag:
43) Offenlegungstag:

DEUTSCHES 45) Verdffentlichungstag
PATENTAMT der Patenterteilung: 26. 1.89

 DE3738738C1
Innerhalb von 3 Monaten nach Veréffentlichung der Erteilung kann Einspruch erhoben werden

@) Erfinder:
Schittny, Stephan, Dr.-Ing., 8755 Alzenau, DE;
Berchtold, Lorenz, Dr.-Ing., 6450 Hanau, DE; HauRelt,
Jiirgen, Dr.-Ing., 8755 Alzenau, DE; Kaster,
Wolfgang, Dipl.-ing., 5449 Mérsdorf, DE; Englisch,
Udo, 6458 Redenbach, DE

 
 
 

 

 
 

 @®) Patentinhaber:
Degussa AG, 6000 Frankfurt, DE

@ Fiir die Beurteilung der Patentfahigkeit
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® Pulvermetallurgisches Verfahren zur Herstellung von Targets

Zur Herstellung von hochreinen, mechanisch stabilen und
dichten Targets aus seltenen Erden und den Ubergangsme-
tallen Eisen, Kobalt und Nickel auf pulvermetallurgischem
Weg vermeidet man hohe Gehalte und ungénstige Vertei-
lungen an spréden Phasen und gréRere Sauerstoffgehalte
im Werkstoff durch Verwendung von Vorlegierungen aus
seltenen Erden und den Ubergangsmetallen anstelle reinen
seltenen Erden.

DE3738738C1
BUNDESDRUCKERE! 12.88 808 164/374 80
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1

Patentanspriche

1. Verfahren zur-Herstellung von hochreinen me-
chanisch stabilen und dichten Targets fiir Katho-
denzerstiubungs- und Bedampfungsanlagen aus
Seltenen Erden und den Ubergangsmetallen Eisen,
Kobalt und/oder Nickel durch Einwirkung von
Druck und Temperatur auf entsprechende Pulver-
gemischein Inertgasatmosphire oder unter Vaku-
um, dadurch gekennzeichnet, daB die Seltenen Er-
den in Form von Vorlegierungen mit den entspre-
chenden Ubergangsmetallen eingesetzt werden.
2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, da8 Vorlegierungenmit eutektischer Zu-
sammensetzung eingesetzt werden.

Beschreibung

Die Erfindung betrifft ein Verfahren zur Herstellung
von hochreinen, mechanisch stabilen unddichten Tar-

_ gets fiir Kathodenzerstdubungs- und Bedampfungsanla-
gen aus Seltenen Erden und den Ubergangsmetallen
Eisen, Kobalt und/oder Nickel durch Einwirkung von
Druck und Temperatur auf entsprechende Pulvergemi-
schein Inertgasatmosphare oder unter Vakuum.

Targets werden in Anlagen zur Kathodenzerstau-
bungundzur Bedampfung von Gegenstinden bendtigt.
Mit Hilfe der Kathodenzerstdubung (Sputtern) und des
Bedampfens kénnen dinne Schichten auf Substraten
erzeugt werden, deren Anwendung’ von funktionalen
Schichten in der Elektronik und Datentechnik iiber
Korrosions- und VerschleiBschutzschichten bis zu opti-
schen Schichten fir dekorative und warmetechnische
Zweckereicht. \

Beim Kathodenzerstiuben findet zwischen Kathode
(Target) und Gegenelektrodeeine elektrische Gasentla-
dungstatt, bei dervon den aufprallenden Ionen aus dem
Target Teilchen von atomarer GréBe herausgeschlagen
und auf Substraten,die im Bereich der Gegenelektrode
angeordnetsind, niedergeschlagen werden.

Als Gasentladungsatmosphare werden entweder
inerte Gase, wie beispielsweise Argon oder Helium,
oder reaktive Gase, wie z. B. Sauerstoff, Stickstoff oder
Acetylen, bei geringem Druckeingesetzt.

Beim Inertgassputtern besteht das Target iiblicher-
weise aus dem Material, aus dem die zu bildende Schicht
bestehen soll, wahrend beim Reaktivsputtern die her-
ausgeschlagenen Targetteilchen mit dem Reaktionsgas
reagieren und in Form eines Reaktionsproduktes als
Schicht niedergeschlagen werden.

Bei den Bedampfungsverfahren wird das Targetmate-
rial im Vakuum durch Elektronenstrahl- oder Wider-
standsbeheizung thermisch verdampft und als dinne
Schicht auf dem Substrat abgeschieden.

Die Targets kénnendblicherweise schmelztechnisch
hergestellt werden mit entsprechender Nachbearbei-
tung durch umformende und.spannende Verfahren,
oder pulvermetallurgisch durch Pressen und Sintern
entsprechender Pulver bzw. Pulvergemische.

Bei Targetmaterialien, die aufgrund ihrer Zusammen-
setzung héhere Anteile an spraden Phasen enthalten,
erweisen sich schmelztechnische Herstellverfahren als
problematisch, da solche Targets beim Abkihlen nach
dem GieBen aufgrund von thermischen Spannungen
Risse aufweisen und-in Sticke zerfallen kénnen. Dar-
iiber hinaus sind solche Materialien meist nicht mecha-
nisch bearbeitbar, so daB bestimmte witnschenswerte
Targetgeometrien nicht herstellbar sind.

PS37 38 738
Pulvermetallurgische Verfahren zeigen bei denjeni-

gen Targetmaterialien Probleme, die hdhere Anteile an-
reaktionsempfindlichen Komponenten enthalten, und
z.B. mit dem Luftsauerstoff reagieren. Wegen der gro-

5 Ben spezifischen Oberflacheder Pulver und der daraus
resultierenden Reaktionsfreudigkeit lassen sich keine
hochwertigen Targetqualititen. mit niedrigem Sauer-
stoffgehalt pulvermetallurgischherstellen. Lo.

AuBerdem weisen pulvermetallurgisch hergestellte
19 Produkte meist eine zum Teil offene Restporositat auf,

die bei sauerstoffempfindlichen Targetmaterialien we-
gen der médglichen Oxidation des gesamten Targets
nichttolerierbarist.

Diese Herstellungsschwierigkeiten treten insbeson-
15 dere bei Targets auf, die fiberwiegend Seltene Erden

und Ubergangsmetalle enthalten.
Aus der DE-OS 35 37 191 ist ein pulvermetallurgi-

sches Verfahren zur Herstellung von Targets aus Selte-
nen Erden und den Ubergangsmetallen Eisen, Kobalt

29 und Nickel bekannt, bei dem ein Pulvergemisch aus Sel-
tenen Erden und den genannten Ubergangsmetallenun-
ter vermindertem Druck und unter Inertgas bei Tempe-
raturen unterhalb des eutektischen Punktes einer
Warmverformung unterzogen wird, wobeisich eine

25 sprédeintermetallische Verbindung an der Grenzflache
zwischen dem Seltenen Erdmetall und dem Ubergangs-
metall ausbildet. Dieses Verfahren hat den Nachteil, daB
die Warmverformung aufwendig mindestens zweiStun-
denlang erfolgen muB, wodurch sich bemerkbare Men-

30 genan sprdden intermetallischen Phasen bilden, daB-die
Pulverherstellung bei den Seltenen Erden mit Schwie-
rigkeiten verbundenist und der Sauerstoffgehalt im Pul-
ver der Seltenen Erden nochrelativ hochist.

Es war daher Aufgabe der:vorliegenden Erfindung,
35 ein Verfahren zur Herstellung von hochreinen, mecha-

nisch stabilen und dichten Targets fir Kathodenzerstau-
bungs- und Bedampfungsanlagen aus Seltenen Erden
und den Ubergangsmetallen Eisen, Kobalt und/oder
Nickel durch Einwirkung von Druck und Temperatur

4o auf entsprechende Pulvergemische in Inertgasatmo-
sphare oder unter Vakuum zu entwickeln, das ohne gro-
Ben technischen Aufwand ein Produktliefert, das gerin-
ge Anteile und eine feine Verteilung an spréden Phasen
und méglichst wenig Sauerstoff enthalt.

Diese Aufgabe wird erfindungsgema8 dadurch gelést,
da8 die Seltenen Erden in Form von Vorlegierungen mit
den entsprechenden UObergangsmetallen eingesetzt
werden.

Vorzugsweise werden Vorlegierungen mit eutekti-
59 scher Zusammensetzungeingesetzt. ;

Die reaktionsempfindlichen Seltenen Erden werden
nicht als solche, sondern als Vorlegierungen aus Selte-
nen Erden und den entsprechenden UObergangsmetallen,
die im Vergleich zuden reinen Komponenten niedrigere

55 Schmelzpunkte aufweisen, zu Pulvern und/oder Spinen
verarbeitet, mit Pulvern und/oder Spinen der Uber- -
gangsmetalle gut durchmischtund zu Targets kompak-
tiert. Die Kompaktierung dieser Mischung kann durch
Sintern, Warmwalzen, HeiSpressen, Warmschmieden,

60 HeiBisostatische PreBverfahren oder Kombinationen
daraus im Vakuum oder unter Inertgas erfolgen.

Die Kompaktierungsbedingungen (Temperatur,
Druck, Zeit, Umformungsgrad) werden so gewahit, daB
ein mechanisch stabiles Verbundmaterial entsteht, des-

gs sen Gefiige als Ungleichgewichtszustand nur geringe
Anteile an spréden Gleichgewichtsphasen aufweist, die
durchDiffusion an den Grenzflachen der Seltenen Erd-
Phasen und der Ubergangsmetallphasen gebildet wer-

45
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den. Durch die Verwendung von Vorlegierungen zwi-
schen Seltenen Erden und Ubergangsmetallen kénnen
relativ niedrige Kompaktierungstemperaturen und kur-
ze Kompaktierungszeiten ausgewdhlt werden. Das
fihrt zu einem verminderten technischen Aufwand und

zu einer geringen Ausbildung von Diffusionszonen aus
spréden Ungleichgewichtsphasen an den Beriihrungs-
stellen der Pulverkérner und inden Kérnern.

Es hat sich iberraschenderweise gezeigt, daB aus
Vorlegierungen der Seltenen Erden mit den entspre-
chenden Ubergangsmetallen wesentlich einfacher,
hochreine und sauerstoffarme Pulver oder Spane her-
stellbar sind als aus den reinen Seltenen Erden. Aus

diesen Vorlegierungen lassen sich z B. durch spanende
Bearbeitung, wie Frasen oder Feilen, unter Schutzgas
Spane und Pulver erzeugen,was beiden reinen Seltenen
Erd-Metallen auf Grund ihrer Duktilitat auch mit nach-

folgendem Mahlen nicht ohne Schwierigkeiten méglich
ist. Die spréden Phasenanteile des duBerst feinen Gefa-
ges der Vorlegierungen bewirken beim Zerkleinerungs-
vorgangdie Bildung von Partikeln mit geeigneter Korn-
form und KorngréBenverteilung, so daB eine Pulverher-
stellung mit guter Ausbeute und sehr niedrigem Sauer-
stoffgehalt (< 500 ppm) méglichist.

Ebenso werden bei der Pulverherstellung durch
Inertgasverdiisen aus den niedriger schmelzenden Vor-
legierungen aufgrund der bei den tieferen ProzeBtem-
peraturen geringeren Reaktionsgeschwindigkeiten mit
dem Tiegelmaterial und mit der Atmosphare und auf-
grund der kfirzeren Verweilzeit in der Anlage, niedrige-
re Werte an Verunreinigungen und geringere Sauer-
stoffgehalte im Pulver erzielt. Desweiteren lassen sich
hier die VerdOsungsparameter (Uberhitzung, Abkihlra-

’ te, ProzeBgasdruck usw.) in weiten MaBen optimieren,
so daB die.Pulverausbeute und die Kornfraktion im Ver-

gleich zur Verdiisung der reinen Seltenen Erdengiinsti-
ger eingestellt werden kénnen.

Die Verwendung von Vorlegierungen aus Seltenen
Erden und Ubergangsmetallen fithrt im Vergleich zur
Verwendung der reinen Seltenen Erden iberraschen-
derweise zu wesentlich ktirzeren Kompaktierungszei-
ten, was einen bedeutenden wirtschaftlichen Vorteil die-
ses Verfahrens bedeutet.

Die Kompaktierungszeiten liegen in der Regel unter-
halb einer Stunde, meist unterhalb von 30 Minuten. Dar-
iiber hinaus zeigen die erfindungsgem48 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
Verteilung der im Geffige vorhandenen Anteile an frei-
em Eisen, Kobalt und/oder Nickel, an den geringen
Mengenintermetallischer Phasen und an dem aus den
Vorlegierungen stammenden Resteutektikum.

Die folgenden Beispiele soilen das erfindungsgemaBe
Verfahren nahererldutern:

1) Zur Herstellung von hochreinen, kompakten,
- Mmechanisch stabilen Sputtertargets wird zuerstei-

ne Vorlegierung aus 80 Atom% Terbium und 20
Atom% Eisen in einem Vakuuminduktionsofen

(10-5 Pa) hergestellt. Die anschlieBende Pulverisie-
rung und Weiterverarbeitung erfolgt ausschlieBlich
unter Argon-Schutzgas. Mit Hilfe eines Wellenfri-
sers wird der GuBblock zu grobem Pulver zerspant.
Durch anschlieBendes Mahlenin einer Kugelmihle
erhalt man ein Terbium-Eisenpulver mit einer mitt-
leren KorngréBe < 105 jm und mit einer Ausbeute
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von 70—80%. Die gewtinschte Targetzusammen-
setzung von z. B.67 Atom%Eisen, 25 Atom%Ter-
bium und 8 Atom% Kobalt wird durch 20 miniiti-

ges Mischen der entsprechenden Eisen-, Kobalt-
und Vorlegierungspulvermengenin einem Taumel-
mischereingestellt.
Zum Kompaktieren der Pulvermischung zu Tar-
gets wurden die Verfahren des HeiBisostatischen
Pressens (HIP) des Warmwalzens und des HeiB-
schmiedens in einer Kapsel angewendet.
Beim HeiBisostatischen Pressen werden als Pro-

zeBparameter 820°C Endtemperatur, 200 MPa
Druck und 20 min Haltezeit bei Endtemperaturge-
wahit. Als Behdlter wurden Stahiblechkannen ver-

wendet, die vor Einbringen in die Anlage bei 300°C
uber 3 Stunden evakuiert wurden. Man erhilt auf
diese Weise mechanisch stabile, bearbeitbare
Formkérper, die ein Ungleichgewichtsgefiige aus
Eisenk6rnern, Zonen von intermetallischen Phasen
und Resteutektikum aufweisen. Die Dichte ist

>99%der theoretischen Dichte, der Sauerstoffge-
halt liegt unterhalb 1200 ppm. Langere Haltezeiten
von z. B. 1—2 Stunden bei 820°C habeneine weit-
gehende Ausbildung von groBflachigen Zonen der
intermetallischen Gleichgewichtsphasen zur Folge,
was eine unerwiinschte Versprédung des Gefiiges
bedingt. Es sind daher mdglichst kurze Haltezeiten
einzuhalten.

Fir das Kompaktieren durch Warmwalzen wird
das Pulvergemisch in eine Eisenblechkapsel einge-
fiillt, die evakuiert und zugeschweiBt wird. Die Um-
formung erfolgt bei 650°C bis zu einem Umform-
grad von ca. 60% in mehreren Stichen in einem
Zeitraum von wenigen Minuten. Nach Entfernen
des Kapselmaterials ergibt sich ein stabiles, hoch-
reines Target mit einer Dichte von. = 99%der theo-
retischen Dichte und einem Sauerstoffgehalt von
1200 ppm. Das Geffige ist ahnlich ausgebildet wie
bei der Kompaktierung durch HeiBisostatisches
Pressen.

Beim HeiBschmieden wird die Pulvermischung
ebenfalls in eine Blechkannegefiillt und evakuiert.
Der Schmiedevorgang kann bei 800°C in einer
200 to Schmiede durchgefiihrt werden. Die erziel-
bare Dichte betrigt 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 AtomGadolinium,18
Atom%Eisen und 16 Atom% Kobalt mit einer

Schmelztemperatur von ca. 620°C kann eine Ver-
diisungstemperatur von 700—800°C gewahlt wer-
den. Diese vergleichsweise sehr niedrige Verdi-
sungstemperatur ermdglicht bei den extrem reak-
tionsfreudigen Seltenen Erd-Materialien die Her-
stellung von sauerstoffarmen, sehr reinen Vorlegie-
rungspulvern, da die Reaktion der Schmelze mit
dem Tiegelmaterial und der Atmosphére ver-
gleichsweisegering ist. Des weiteren zeigt die Vor-
legierungsschmelze bei dieser Temperatur eine
ginstige Viskositét und Oberflachenspannung, so
daB die verdiisten Pulver gute Ausbeuten vonz. B.
80—90% bei einer KorngréBe <88 ym aufweisen.
Mit Hilfe der in Beispiel 1 beschriebenen Misch-
und Kompaktierungsverfahren erhilt man eben-
falls hochreine, kompakte, stabile Formkérper mit
Sauerstoffgehalten <1000 ppm. Die Ungleichge-
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wichtsgefiige bestehen wiederum aus Eisenkér-
nern, Zonen von intermetallischen Phasen und Re-
steutektikum.

Dadie intermetallischen Phasenin den Vorlegie-
rungenfeinverteilt vorliegen, und das Gefiige nicht
sehr verspréden, lassen sich die Mengenanteile an

. freiem Eisen im Vergleich zu den intermetallischen
Phasen durch Variation der Zusammensetzung der
Vorlegierungen reduzieren. Die magnetischen Ei-
genschaften der Targets, die fiir das Magnetron-
sputtern wichtig sind, lassen sich hierdurch verbes-
sern.
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Abstract of EP1092689

Conducting transparent layer system comprises a Fi 1silver layer (3) between two oxide layers (2, 4) on . Q:
a substrate (1) and has a quantity coefficient of
more than 0.0855 Ohm <-1> for the wavelengths
435, 545 and 610 nm ata flat resistance Rs of
less than 2.9 preferably less than 2.5 Ohm sq. An
Independentclaim is also included for a process
for the production of a conducting transparent
layer system comprising applying the second
oxide layer (4) using a pulsed direct current (DC)
sputtering process or an alternating current (AC)-
superimposed DC sputtering process.
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Leitende transparente Schichten und Verfahren zu ihrer Herstellung
Dieses Schichtsystem weist sehr niedere Flachenwi-
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sichtbaren Spektralbereich, also einen hohen Haacke-
schen Giitefaktor auf.
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Beschreibung

[0001] Die Erfindung betrifft leitende transparente
Schichten nach dem Oberbegriff des Patentanspruches
1 sowie ein Verfahren zur Herstellung dieserleitenden
transparenten Schichten nach Patentanspruch 6.
[0002] _Leitende transparente Schichten werden
heutein der Displaytechnik, in der Optoelektronik sowie
als Architekturglas vielfattig eingesetzt. Dabei wird
einerseits eine méglichst hohe Transmission tm sichtba-
ren Spektralbereich und andererseits eine méglichst
hohe Leitfahigkeit bezienungsweise ein méglichst nie-
derer Flachenwiderstand angestrebt. Als Massfir die
Glte leitender transparenter Schichten kann der Haak-
kesche Gitefaktor 7c = T'/Rg, definiert in Journal of
Applied Physics, Vo!. 47, Seite 4086 bis 4089 (1 976),
verwendet werden. Dabci bedeuten T die optische
Transmission der Schicht (als Bruchteil der auffallenden
Strahlung) und R, den Flachenwiderstand in Qs,. So
besitzt beispielsweise e ne Schicnt mii einer Transmis-
sion von 90% und einem F acheerwiderstand von 3 Dsq
einen Haackeschen Gitetaktor von C.116 Q°'. Eine
Schichtmit einer Transmssion von 82°. und einem Fla-
chenwiderstand von 5 !._, sesact emer Gutefaktor von
0,021 91.
[0003] Eine weitere wcht-ge 2 genschaft eines sol-
chen Schichtsystems is" seme Atroarked. Diese hangt
von seiner chemischen Zusarmmensetzung und seiner
Dicke ab. Fur eine ku-ze Atzzert und gute Kanten-
scharfe ist es wichtig. dass die Scthichidicke méglichst
klein ist, d.h. unter 100 nm detract.

[0004]=Zur Erzielung hohner Gutetaktoren ist es vor-
teilhaft, Schichtsysteme ass oxidischen und metalli-
schen Schichten zu konbinieren. So ist es bekannt,
sehr dinne Silberschichten zwischen diinne Oxid-
schichten einzulagern. Durch die Eintagerung zwischen
Oxidschichten wird die Silberschicht einerseits stabili-
siert und geschitzt, andererseits wird gleichzelig Ihre
Reflexion vermindert und dadurch die Transmission
erhoht. Diese Schichtkombinationen besitzen ferner
den Vorteil einer geringen Gesamtschichtdicke, namlich
400 nm oder weniger, verglichen mit einer Schicht aus
Indium-Zinn-Oxid mit vergleichbarem Fiachenwider-
stand, die eine Dicke von uber 500 nm aufweist (S. H.
Shin und Koautoren, Thin Solid Films 341 (1999) 225 -
229). Damit kénnen Atzprozesse, wie sie bei der Her-
stellung von Displays Gblich sind, schneller und mit
geringerer Unterdtzung hergestellt werden.
[0005] Soiche Schichtsyteme sind z. B. beschrie-
benin: EP 0 599 071 At, JP 10062602 A und im Artikel
von K. K. Choi und Koautoren, Thin Solid Films 341
(1999) 152 - 155.
[0006] In der EP 0 599 071 At wird ein Schichtsy-
stem mit der Schichtfolge Indium-Zinn-Oxid, Silber bzw.
verschiedene Silberlegierungen, —Indium-Zinn-Oxid
beschrieben. Durch einstindige Temperung bei 300°C
lassen sich Schichten mit einem Flachenwiderstand
Von 3,2 Qeq und gleichzeitig guter Transmission im

1082689A1 |. >
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sichtbaren Bereich herstellen. Fir die Wellenlangen

435, 545 und 610 nm ergibt sich ein gemittelter Haacke-
scher Gitefaktor von 0,066. Nachteilig ist jedoch die fur
Displayanwendungen nétige nachtragliche Temperatur-
behandiung, da diese einen zusatzlichen Arbeitsschritt
bedeutet.

{0007}=In der JP 10062602 A wird ein Ahniiches
Schichtsystem beschrieben. Hier wird eine dinne Sil-
berschicht mit mindestens 1,5 At.-% Goldbeimengung

zwischen Oxidschichten, bestehend aus Zinnoxid und
Indiumoxid sowle geringen Beimengungen anderer
Oxide, eingebettet. Damit werden Schichten mit einem
Flachenwiderstand von 4 - 20 Q2., und hoher Durchlas-
sigkeit bei 550 nm erhalten. Die erhdhten Kosten durch
die Goldbeimengung und derrelativ hohe Fiachenwi-
derstand missen als Nachteile angesehen werden.

[ocos] In Thin Solid Films 341 beschreiben K. K.
Choi und Koautoren ein Schichtsystem bestehend aus
Indium-Zinn-Oxid gefolgt von einer Silberschicht und als
Deckschicht wiederum Indium-Zinn-Oxid. Zur Verbes-

serung der Leitfahigkeit werden die Schichten aus
Indium-Zinn-Oxid bei 200°C, die Silberschicht jedoch

bei Raumtemperatur abgeschieden. Doch durch die
Erwarmung vor Abscheidung der zweiten Schicht aus
Indium-Zinn-Oxid werden die Eigenschaften der Silber-
schicht beziiglich optischer Transmission und elektri-
scher Leitfahigkelt ungiinstig beeinflusst. lm besten Fail
wurden Schichten mit einem Flachenwiderstand von 4

Qgq und einer Transmission von 90% bei 550 nm erziett.
[ocos} _—Esist weiterhin bekannt, dass bei spezieller
Wah! der Materialien und Beschichtungsparameter

transparenteleitende Schichtsysteme mit 2,93 Q,, und
Transmissionswerten (gegen Luft gemessen) von 89,2
% bei 435 nm, 92,4 % bei 545 nm und 82,2 % bei 610
nm mit einer Gesamtschichtdicke von 86,5 nm herge-
stelit werden kénnen. Dieser transparente Leiter besitzt
fur die drei genannten Wellenlangen einen mittleren
Haackeschen Gotefaktor von 0,104 Ohm’.
[0010] Im Displaybereich fir grossfiachige flache
LCD-Displays oder Computermonitore mit Bilddiagona-
len vorzugsweise Gber 17" werden nun transparente
Elektroden mit noch niedererem Flachenwiderstand bei

gleichzeitig hoher Ourchlassigkeit im  sichtbaren
Bereich, d. h. einem hohem Haackeschem GOtefaktor,
bendtigt. Dies Ist durch die Bildgrésse, dia hohe Auflé-
sung und Pixelzaht sowie die héhere Geschwindigkelt
dieser Displays bedingt. Diese Anforderungen kénnen
mit den bisher bekannten Verfahren nicht mehrerfillt
werden.

(0011} Die vorliegende Erfindung macht sich zur
Aufgabe, die Nachteile des Standes der Technik zu
beheben, insbesondere einen noch niedereren Fla-
chenwiderstand bei einem hohen Haackeschen Gite-
faktor zu erreichen.

[0012] Diese Aufgabe wird gelést durch ein
Schichtsystem nach Anspruch 1 sowie durch ein Ver-
fahren nach Anspruch 6. Die abhangigen Patentanspri-
che beschreiben weitere bevorzugte Ausfiihrungen der
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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 wenigerals 2,9 Qgq, VOr-
zugsweise 2,5 Qeq und geringer auf, bei einem tberdie
Wellenlangen 435, 545 und 610 nm gemittelten Haak-
keschen Gitefaktor von grsserals 0,085 Qt
[0014] Dabeiist es aus Griinden der Farbneutraiitat
gnstig, wenn bel einem Flachenwiderstand von 2,5

die optische Transmission bel 435 nm mindestens
89 %, bei 545 um mindestens 88 % und bei 610 nm
mindestens 75 % betragt. Damit ist gew&hrieistet, dass
die Beschichtung in Durchsicht méglichst 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 Silberschicht unter 20 nm, vor-
zugsweise bei 15 nm, gewahit wird.
[0016} Die Entspiegelungswirkung der Oxidschich-
ten wird besonders gut, wenn die Oxidschicht neben
indium 5 bis 10 AL-% Cer enthalt.
(0017) Mie Stabilitat der Silberschicht wird durch
Beigabe von bis zu 10 Gew.-% Kupfer erhéht. Beson-
ders wirksam zeigten sich Beigaben von 0,5 bis 3%
urd nstesonoere 0,5 bis 1%.
{0018} 3e: der Herstellung des beschriebenen
Scnxhtsystems ist es entscheidend, wie in Anspruch 6
urd weteren athargigen Anspriichen beschrieben,
gzss ae Autbringung der zweiten Oxidschicht nicht mit
rene’ CC Zerstaubung, sondern mit einer gepulsten
DC-Zerstacbung oder mit einer AC-iberlagerten DC-
Zerstaubung ertcigt Die AC-Uberlagerung wird bel
spelsweise Gadurch erzeugt, dass das Ausgangssignal
uber er bdter aut die mit einer DC-Stromversorgung
gespeiste Sputterquelle eingekoppett wird. Eine weitere
Mogicnaent besteht beispieisweise auch darin, die OC-
Stromversorgeng entsprechend Zu modulieren oder zu
lavies (chopper. Es sind also verschiedene Modula-
hcner mag ah

[0019] >.e AC-Frequenz solite zwischen 1 und 50
Mz, verzugsweise zwischen 10 und 20 MHz,liegen,
um besonders gute Ergebnisse 2u erreichen.
[0020} «m Weiteren wird mit Vorteil der AC-Anteil,
detinert durch das Verhaltnis der eingespeisten DC-
urd AC-Leistug. zwischen 10 und 90 %, vorzugsweise
zwischen 3) und 50 %, eingestellt.
[0021] Zesonders geeignet erwies sich eine totale
Leistungsdichte (AC und DC) von 1 bis 3 Wiem?,vor-
zugsweise von 2 bis 2.2 Wier.
(0022) Als Zerstaubungsmethode wird Magnetrons-
puttern bevorzugt.
[0023) Die Vorteile dieses Verfahrens kénnen wie
folgt zusammengefasst werden:
[0024] Durch die Erhaltung der guten Leitfahigkeit
der dunnen Silberschicht durch die Art der Auforingung
der zweiten Oxidschicht kann die optische Transmission
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18

25

hoch gehaiten werden. Ohne das erfindungsgemasse
Vorgehen milsste zur Erzielung dieserLeitfahigkeit die
Dicke der Silberschicht erhdht werden, was unvermeid-
lich zu einer deutlicheren Verringerung der Transmis-
sion und damit zu einer wesentlichen Verschlechterung
des Haackeschen Gdtefaktors fahren wirde.
[0025] Die Hersteliung solcher Schichten an Hand
des erfindungsgemassen Verfahrens soll nun an dem
nachfolgenden Beispiel beschrieben werden.
[0026] Die Glas-Substrate aus herkémmlichem
ddnnen Floatglas oder Maschinenglas werden in her-
k3mmlicher Weise gereinigt und dann in eine Zerstau-
bungsanlage ' eingebracht. Die Vakuumkammer wird
abgepumpt und nach Erreichung des nétigen Vakuums
mit der Aufstaubungder ersten Oxidschicht aus Indium-
und Ceroxid begonnen.Diese Oxidschicht wird teilreak-
tiv von elnem Oxidtarget abgestaubt, d. h. in einer
Argonatmosphére von ca. 2,2x10°3 hPa mit einer Beirri-
schung von Sauerstoff von maximal 5 %. Dieser Zer-
staubungsprozess ist ein reiner DC-Prozess. Typische
Zerstaubungsraten sind § bis 8 nmxmy/minxem?W.
Anschliessend erfolgt als reiner nicht-reaktiver DC-Pro-
zess das Aufstauben der Silberschicht. Hier liegen die
typischen  ZerstAubungsraten bei 12 bis 15
nmom/minxem2/W.Ihm schliesst sich das Aufstauben
der zweiten Oxidschicht mit einer AC-dberlagerten DC-
Zerstaubung an. Dabei liegt der AC-Anteil, definiert
durch das Verhdltnis der eingespeisten DC- und AC-
Leistung, zwischen 30 und 50 %. Die AC-Frequenzliegt
bei 13,56 MHz. Nach Beendigung des Zerstaubungs-
prozesses werden die beschichteten Glaser durch eine
Schleuse oder durch Fluten der Kammer an Luft ausge-
bracht. In einem anschiiessenden Atzprozess werden
die Substrate dann strukturiert und zu Displays weiter-
verarbeitet.

[0027] Im folgendenist die Erfindung in den Figuren
1 und 2 an Hand von Austiihrungsbeispielen erlautert.

zeigt schematisch und im Querschnitt ein
erfindungsgemasses Schichtsystem.
zeigt die im sichtbaren Spektralbereich
gegen Luft gemessene optische Transmis-
sion eines erfindungsgemassen Schichtsy-
stems mit einem Flachenwiderstand von 2,5

Qsq:

[0028] In der Fig. 1 bedeuten 1 das Glassubstrat,
auf welches das erfindungsgemiasse Schichtsystem
aufgebrachtwird, 2 eine Indium-Cer-Oxidschicht, 3 eine
Kupter-dotierte Silber-Schicht, und 4 eine abschlies-
sende Indium-Cer-Oxidschicht.
[o029} Das Glassubstrat 1 ist z. B. ein handelsdbii-
ches Floatglas mit 1,1 mm Dicke. Es kénnen aber auch
andere Glasdicken und andere Glaser, z. B. Maschinen-
glas, beniitzt werden.
{0030] Darauf wird durch tellreaktive OC-Zerstau-
bung von einem Oxidtarget, bestehend aus vorzugs-
weise 90 bis 95 At.-% indium und 5 bis 10 At.-% Cer,

Fig. 1

Fig. 2
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eine Oxidschicht 2 mit der geometrischen Dicke von 30
bis 37 nm abgeschieden.

[0031] Auf diese Oxidschicht 2 wird eine Silber-
schicht 3 mit 0,5 bis 10 % Kupfer-Beimengung, vorzugs-
weise 0,5 bis 3% und insbesondere 0,5 bis 1% Kupfer,
in einem reinen DC-Zerst&ubungsprozess in einer
Argonatmosphare in einer Dicke von 15 nm aufge-
bracht.

[0032] Auf die Schicht 3 aus Silber/Kupfer wird
direkt eine zwelte Indium-Ger-Oxidschicht 4, ebenfalls
mit der geometrischen Dicke von 30 bis 37 nm, abge-
schieden. Dies erfoigt jedoch mit einem AC-Gberlager-
ten DC-Zerstéubungsprozess. Dabei liegt der AC-
Anteil, definiert durch das Verhaltnis der eingespeisten
DC- und AC-Leistung, zwischen 10 und 90 %, vorzugs-
weise zwischen 30 und 50 %. Die AC-Frequenzliegt
zwischen 1 und 50 MHz, vorzugsweise zwischen 10
und 20 MHz.

[0033] Optional kann nach der Silber/Kupfer-
Schicht eine Schutzschicht aus Oxiden von Titan- oder
Nickellegierungen mittels DC-Magnetron-Zerstaubung
aufgebracht werden.
[0034] In der Fig. 2 ist die optische Durchlassigkeit
(gemessen gegen Luft) eines erfindungsgemassen
Schichtsystems mit einem Flachenwiderstand von 2,5
Qe, in Abhangigkeit von der Wellentange im Spektrabe-
reich 400 bis 800 nm dargestellt. Bei 435 nm werden
89,8 %, bei 545 nm 88,4 % und bei 610 nm 75,4 %
erreicht. Der Gber diese drei Wellenlangen gemittelte
Haackesche Gitefaktorbetragt 0,092 97.

Patentanspriiche

1. Leitendes transpdrentes Schichtsystem mit zwei
Oxidschichten (2,4) und einer dazwischen gelager-
ten Silber-Schicht (3) auf einem Substrat (1),
dadurch gekennzeichnet, dass bei einem Fla-
chenwiderstand R, von < 2,9 Qgq., vorzugsweise <
25 Qgq und weniger, der mittlere Haackesche
Gitefaktor des Schichtsystems fir die Wellenlan-
gen 435, 545 und 610 nm (@T=T'Rs)}>0,0852"
‘betragt.

2. Schichtsystem nach Anspruch 1, dadurch
gekennzeichnet, dass bei einem Fldchenwider-
stand von 2,5 Qs, die Durchlassigkeit T bei 435 nm
mindestens 89 %, bel 545 nm mindestens 88 %
und bei 610 nm mindestens75%betragt.

3. Schichtsystem nach einem der vorangehenden
Anspriiche, dadurch gekennzeichnet, 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 beiden Oxidschichten (2,4) bei <
50 nm, vorzugsweise zwischen 30 und 40 nm, liegt.

4. Schichtsystem nach einem der vorangehenden

1092689A1_I_> 
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12,

Anspriiche, dadurch gekennzeichnet, dass die
Oxidschichten (2,4} Indium und Cer enthalten, vor-
zugsweise 90 bis 95 At.-% Indium und 5 bis 10 At.-
% Cer.

Schichtsystem nach einem der vorangehenden
Anspriiche, dadurch gekennzeichnet, dass die
Silber-Schicht (3) bis zu 10 Gew.-% Kupfer enthait,
vorzugsweise im Bereich 0.5 bis 3 % undins-
besondere 0,5 bis 1 %.

Verfahren zur Herstellung eines leitenden transpa-
renten Schichtsysterns nach einem der vorange-
henden Anspriche, dadurch gekennzeichnet,
dass bei der Aufbringung der zweiten Oxidschicht
(4) eine gepulste DC-Zerstaubung oder eine AC-
iberlagerte DC-Zerstéubung verwendetwird.

Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, dass eine AC-Uberlagerung mit einer
Frequenz zwischen 1 und 50 MHz, vorzugsweise
zwischen 10 und 20 MHz vorgenommenwird.

Verfahren nach Anspruch 6 und 7, dadureh
gekennzeichnet, dass der AC-Anteil, definiert
durch das Verhdltnis der eingespeisten OC- und
AC-Leistung, zwischen 10 und 90 %, vorzugsweise
zwischen 30 und 50 % liegt.

Verfahren nach Anspruch 6, 7 und 8, dadurch
gekennzeichnet, dass die totale Leistungsdichte
(AC und DC) im Bereich 1 bis 3 W/em?, vorzugs-
weise aberbei 2 bis 2.2 W/cm?liegt.

Verfahren nach Anspruch 6 bis 9, dadurch
gekennzeichnet, dass als Zerstaubungsverfahren
Magnetronzerstaubung gewahtt wird.

Leitendes transparentes Schichtsystem nach
Anspruch1 bis 5, dadurch gekennzeichnet, dass
es nach dem Verfahren nach den Anspriichen6bis

10 gefertigt wurde.

Leitendes transparentes Schichtsystem als trans-
parente Elektrodenfir grossflachige Displays nach
Anspruch1 bis 5, dadurch gekennzeichnet, dass
es nach dem Verfahren nach den Anspriichen6 bis
10 gefertigt wurde.

-~
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Vollstandig recherchierte Anspriche:

Nicht recherchierte Anspriche:
1-3

Grund fir die Beschrankung der Recherche:

Die geltenden Patentanspriche 1-3 sind auf ein Produkt , das (u.a.)
mittels folgender Parameter definiert wird, zu beziehen:

Pl: Haackesche Gitefaktor bei einem Flachenwiderstandsbereich.
Die Verwendung dieser Parameter muss im gegebenen Zusammenhang als Mange]
an Ktarheit im Sinne von Art. 84 EPU erscheinen. Es ist unmdglich, die
vom Anmelder gewahiten Parameter mit dem zu vergleichen, was der Stand
der Technik hierzu offenbart. Der Mange! an Klarheit ist dergestalt, da8
er eine sinnvotle vollstandige Recherche unméglich macht. Daher wurde die
Recherche beschrankt auf die Teile mit Bezug auf Ausfihrungsbeispiele,
wie sie in der Beschreibung auf Seite 4 und Patentanspriiche 4-12 erwahnt
sind.
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ASBARREFAR (A) Laid-open Kokai Patent(A)

(11) (ABB) (11)[KOKAI NUMBER]
‘EBAE 5-230642 Unexamined JapanesePatent Heisei 5-230642

(43) [ABBA] (43)[DATE OF FIRST PUBLICATION]
3X54 (1993) 9H 7A September7, Heisei 5 (1993. 9.7)

(54) [HROAF) (54)[TITLE OF THE INVENTION]
AKRyF + F—-By} Sputter target

(51) [BIBER 5 hk) (51)[IPC 5]
C23C 14/34 C23C 14/34 8414-4K

8414-4K HO1J 37/08 9069-5E

HO1J 37/08 37/30 Z 9172-5E

9069-5E

37/30 Z

9172-5E

[BARR] RFR [REQUEST FOR EXAMINATION] No

(FPRHOR) 2 [NUMBER OF CLAIMS] 2

(2B) 3 [NUMBER OF PAGES] 3

(21) (Wika5] (21)[APPLICATION NUMBER]
‘hae 4-69981 Japanese Patent Application Heisei 4-69981
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(71)[PATENTEE/ASSIGNEE]

[ID CODE]
000226688

[NAME OR APPELLATION]
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[ADDRESS OR DOMICILE]

(72)[INVENTOR]

[NAME OR APPELLATION]

Baba, Takashi
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(72)[INVENTOR]
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(74)[AGENT]

[PATENT ATTORNEY]

[NAME OR APPELLATION]

Narita, Hiroshi

(57)[ABSTRACT OF THE DISCLOSURE]

[PURPOSE]

Prevent the crack by heat of a target material.

[CONSTITUTION]

The target material 1 containing a required

element adheres to the backing plate 3 by the

bonding material 2.

It provides the offset rate slot (or an incision, the

slot by cutting) 4 in a target material 1, and

partitions a target material 1 into many

subsection 1;.

The difference of the elongation in the thickness

direction position of a target material etc.

becomes smaller, it can prevent the crack of a

target material.

It is sufficient to bond on a backing plate the

fragment of the target material made
beforehand.
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[CLAIMS]

[CLAIM 1]

A sputter target, in which the target material

which adhered to the backing plate is

partitioned into many subsections by the offset

rate slot, or many fragments of a target material

adhereto the backing plate in the shapeofa tile

sticking.

[CLAIM 2]

A sputter type ion source, which has the sputter

target of Claim 1.

[DETAILED DESCRIPTION OF THE

INVENTION]

[0001]

[INDUSTRIAL APPLICATION]

This invention relates to the sputter target which

is used for the sputter type ion source which

prevents the crack of the target material by

heat.

[0002]

[PRIOR ART]

As shownin the front elevation of FlG.4(a), and

sectional drawing of said (b) in the A-A, the

sputter target in a sputter type ion source, an
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"WBAasPR SeBNE

ion-beam-sputtering apparatus, etc. adheres to

a backing plate 3, and the bonding material 2

comprises the tabular target material 1

containing the required element by which a

sputter is carried out from a plasma ion and an

ion beam.

A target material 1 is heated by the shock of the

surrounding plasma, a plasma ion, or an ion

beam at the time of a sputter, therefore

The backing plate 3 is attached to the cooling

holder for the cooling.

[0003]

[PROBLEM TO BE SOLVED BY THE

INVENTION]

Whenthe size of this sputter target becomes

the size which is diameter 50 mm degree and a

target material 1 is the bad material of a heat

conduction, a target material may break for the

reasons of a big difference arising on the

elongation by the thermal expansion in the

thickness direction position of a target material

1 at the time of a sputter.

[0004]

This invention aims to provide the sputter target

which prevents the crack of a target material by

heating by the plasmaor anion.
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[0005]

[MEANS TO SOLVE THE PROBLEM]

As for this invention, in a sputter target, the

target material which adhered to the backing

plate is partitioned into many subsections by the

offset rate slot, or many fragments of a target

material adhere to a backing plate in the shape

of a tile sticking.

And this sputter target is used for the sputter

type ion source.

It is characterized by the above-mentioned.

[0006]

[OPERATION]

The target material is small partitioned

according to an offset rate or the tile sticking

form of a fragment, therefore

Since the thermal expansion by the heat in each

partition region does notaffect anotherpartition

region, the difference of the elongation in the

thickness direction position of a target material

etc. is restrained small, the crack of a sputter

target does notarise.

And it can pull out an ion beam with stability by

using this target for a sputter type ion source.

[0007]
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[EXAMPLES]

With reference to drawing, it demonstrates the

Example of this design.

FIG. 1 (a), (b) is the front elevation of the sputter

target by offset rate form, and sectional drawing

in the A-A.

It provides the offset rate slot (an offset rate or

an incision, slot by cutting) 4 in the target

material 1 which adhered to the backing plate 3

by the bonding material 2 in a grid pattern, and

one side small-partitions a target material 1 into

many subsection 1, which are 10 mm level.

If the offset rate slot 4 is formed in the target

material part at least, it is enough.

However, FIG.1(b) shows what has reached

even the backing plate 3.

[0008]

FIG. 2 (a), (b) is the front elevation and sectional

drawing in an A-A of the sputter target oftile

sticking form.

One side partitions the target material into

fragment 12 which is 10 mm level beforehand,

and it adheres fragment12 of the target material

of these many to a backing plate 3 in tile

sticking form by the bonding material 2.

[0009]

Thus, the target material 1 is partitioned into the

subsection whoseonesideis all 10 mm level or

fragment 1;, and 12, therefore
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Even if heat generation and heat arise at the

time of the sputter of a target material 1, thermal

expansion, such as a target material, is limited

in each subsection, fragment 1;, and 12, it does

not affect the other part but the difference of the

elongation in the thickness direction position of

each subsection, fragment 1;, and 12 is

restrained small, therefore

Acrack does not occur in a target material.

[0010]

In the source of a plasma sputter type negative

ion, in order to converge as a beam the

negative ion generated on the sputter target

surface on the outlet of an ion source, it may

make the surface of a sputter target into the

form scooped outto the spherical shape.

If it does in this way, in the periphery part of a

target material, the thickness will amount to 5

mm level, possibility that a sputter materialwill

break becomeshigher.

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

subsections by the surface’s adhering to the

backing plate 3 the target material 1 scooped

out by the spherical shape by the bonding

material 2 like what was shownin FIG. 1, and

forming the offset rate slot 4.

It can prevent the crack of the sputter target by

heat, therefore

It becomes possible to pull out a beam more

stably than an ion source.

into many
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It is sufficient to implementtile sticking form like
FIG, 2.

[0011]

[ADVANTAGE OF THE INVENTION]

As for this invention, as explained above, the

target material is partitioned small, therefore

At the time of a sputter, it can restrain small the

difference of the elongation by the thermal

expansion of the thickness direction in a target

material etc., and can prevent the crack of a

target material.

[0012]

Andin the case of the sputter target with which

it could pull out the ion beam stably, and

particularly the surface was scooped out by the

spherical shape, it is effective by using the

sputter target by this invention for an ion source.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[FIG. 1]

It is the front elevation and sectional drawing of

an Example of this invention.

[FIG. 2]

It is the front elevation and sectional drawing of

another Example.
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[FIG. 3]

Furthermore,

sectional drawing of another Example.

it is the front elevation and

[FIG. 4]

It is the front elevation and sectional drawing of

a sputter target of the past.

[DESCRIPTION OF SYMBOLS]

1,14,12 target material

2 Bonding material

3 Backing plate

4 Offset rate slot

[FIG. 4]

[FIG.2]
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CONSTITUTION:A target material 1 contg.
required elementsis fixed to a backing plate 3
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(54) SPUTTERING METHOD AND DEVICE
THEREFOR

(57) Abstract.

PURPOSE: To form a film at a high rate without
generating an abnormal discharge for a long time at the
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 conductivetarget are
opposedin a vacuum treating chamber, and the target is
sputtered in a gaseous reactant atmosphere by DC
sputtering to formathin film on the substrate. In this case,
a device with a power source to apply a positive potential
on a negative potential connected to the target is used,
and a positive potential is applied on the negative-
potential target in the form of a pulse at the frequency of
5-400kHz to conduct sputtering. The electron in the
plasma is attracted by the positive potential to neutralize
the plus ion accumulated on the insulator and
high-resistance film, and the abnormal discharge due to
an arc dischargeis not generated.

 
wo R

MUM (ees) (arse)

COPYRIGHT: (C)1995,JPO

mimosa

Ex. 1004, Page 686



Ex. 1004, Page 687

(19) BABE CJ P) an 4S BA BP af 2 FR & (11) 8aFRO

4BATE — 224379

 
(434008 sk 7 42 (1995) 8 A226

(51) Int.Cl.* nS86FABRBS “FI Kittin Gm -
C23C 14/34 R 8414-4K

A 8414—-4K

M 8414-4K

SECIR ABR MORAOK4 OL (25 H)

(21) WEA 43 BAI G6 — 17653 (7UWRA 000231464
BAR PCZEERHERSHL

(22) BoA pt 6 4 (1994) 2148 PHINYA: 2 ep TtT BR2500Hse

 
 
 
  

TETZie

(54) (FREBOZAR) ANySPHEBLUZOANY IRE

(s7) (3249)

(883) RSPASCHRANY FkLOG
MEI HY y KIL ANY IY VIET 2 COMRRIAN
WRECAD. OD. BBM ANY FUY> TET OTR
HALOAN y FRARS ANY SHI.

(ist) REHABBAPCHHANY FRICKOG
Mtg —oPybhic Any FUL ZSCHRMEKAE
SHRT SAMY THHCBOT, ATMUOMMES-7
y RIZE MIL EROMEM CHV AIRIZ AIM LAS
AKyPUYLITS. :

PTO 99-4732
S.T.LC. Translations Branch

 (72)5801 AM Pt

FRUAWAEBLUIATHRGS23 ARSE

 

HARSHTRAYRAMA

(72s AR AW

FRAWREAWRETRBS23 FSA

MERAHTRAYATAAA

(72) 801 HF. PUG ;

7 BEAUER PLU RETHA523 AA

MRKSUTFRAYRTAMA

(74)(R2BA FB itt m- (424)
, BRAILE<

3 200 2r .ety a

4" 1505 x

5% a |) aBl °CA/u in)

& 5 50
(Xn)

RF
AM (hile) (iiss)

GIy BABS

Ex. 1004, Page 687



Ex. 1004, Page 688

- (HRHAGR OSE)

CH 1)

DAMES —Py KRANYIUYZ eho CBRE

PMSBRISANYFECBUT. AMMORAED

—A' y KITEERMRRS~ 400 KHZ C/ILAK

CIM LEMS ANY TULTFSLEEBAETSA
Ky Fh

(24:RIA 2) MRBMES —¥y MEST. ALT
a, TI. C. ITO, ZnO. SnOe EAU CNS

DaERTHD, HH. RBHAWN: , O2. Hi. N

Hs , CO, COz: . CHa . C: Hi . Ha OOws
THLDEAHN ZOUEDHBSHATHSTESHRE

SFSIRAS LACIRROANY AiR. ,
CWERA3) WMSAIReM—ayb

EMMEUTR, REAABBAPCARA y J ik
ENMMES—I y BICANy IN YeTHR

EKMREBRISANySEBILSWT. AMMICE

Mikemke5~400kHz CHWVARKAMST3

RERMIES—7 y MERRLRTLERRMESSAN
yVRE.

(34:2 4)

a. Ti. C.

HEGRE—S y hS 1. Al. -T

ITO. ZnO, SnO: KAWCONS

DSSTHD. EK. REHAWN: . O27.

Hs . CO, CO: . CHa... C2: H: . Hi: OOWT

NMMLOEAI2ZDUEDREHATHALTESHME

TSRRIAA SITHROANY SRB.

(EGADIEZ)
(0001)

(EREOMARH) ARRAS:»y FHEBLUED
Ay F#BILML. BRUSH. REAAGEASP

RtAARBMPCMAFick

10

H: .N ©

30

CHHES—7y KK ANY TU YIRTI ANY DA

HBKUTOANY SHRMS.

(0002)

(ROR) Hem 5S. “RAABRPCHAE
—Yy hILANY IU LYRoTRECMAAR,

JX. RMAF OWERAT DANY SAIS

HNEANYIRRECTH, REMBBAIBRLES—

Py hAY— KERMA UTM. Uay bAV—E

IME — 7 y hEBML. ABMMANEMEOF

RE LERCI—o' y hICATEMESMELT

Py bhIANyI VLA ETIREMMSNTHAS, |
(0003) €LT. ANY UL AHOMMEL TIS

MRT. HAIGALI. SOMZOMMRUREMYT .

WV.

(0004)

(HWMMALLIALT AMA) MAeKROANY IR
RATHREMAM, AIA, REABOMS

RAT OR, MAALRBEMOSRFANY IVY Zit

LMP IEH HALLE LICIATSCE AETHOS ABK

KAMMEAB IY £1 5easSD,

: 40

50

SDE 7T-224379
2

(0005) Sk. MRRKOAN yy YRRCHOTH
MEITAAAKM. HEM. RARFORMERAT OR,

AMARCAMSDCAN YF!) > SITARREILO

YM ANy PV YLIORRERII. 9—-Fy b RAH

RDP MIEMADEATSLO, RHMMEECT EN

DRASB.

(0006) AN yFULSPEARMAMRETSE

RM OIL 339ALASIATSbCHMWSBe

a

(0007) Hot. HROAHNy IRA TAMAR E

ANYIVUVIETIOTWSM, MARMEBRESTS

BS. DCANY PUL PETY. F¥—-4 y FRI

SEROMENUEALEk DIYFy be

HoTLO—YartTSkscLTHom, Rea

SPRICRATSCLMMIREY.
(0008) KRHIMYHDSHMMACHIAL. REA

HARP CANNY TULAET TORRRBATET.

HO. DO. RBMANY SULTSFoTORKKA
DIVAN y FRAOMBEAN SHEBEKEUENIEC

AWSANyTRRERKITSCLERHETS.

{0009}
[AM EMRT SR OOER) KRHOZMY THEE

ik, REHAABBASCARA yYECEDRRED
—Py bhi ANnvIV>ZesTHREBREBR

TEAK FECES. ABMKLORMES—F 7 biz

FERRERS ~400kKHz CAARICMMLE

MSANYVIVUYLIFTSCLERMETS.
(0010) EA. meeREY-—SyhwaSi. A

Il. Ta. Ti. C. ITO, ZnO. SnOze HK

CUHSOSBEL, EK. RGEHAWN: . O02.
H: . NHs . CO. CO: . CHa. Cz: H: . H:

ODWTHNA LDELIZDULORGHAELTHELE
We

(OOLL] ERHOANY FRE, AEARSAI

BREBMEY —7 y hENMetTR. REAAT

PMP CHB A Ny SHICKOMMESoy BIAS .

YIYYVIEG So CHREKMMSERITSANYTER

BlcBWT. AMMICEMULERARKS~400kKHz

CHIARAMNT SMMEBRMEY—F y BICREL

ROE ERETS.

(0012) EA. MewAtEY,—-FybhBSIL A
I. Ta. Ti. C. ITO. ZnO. SnOr EK

ZCHEMSREL. EA. REA AN: . O: .

Hz. Nib. CO. CO: . Cle . Cs Uh . Ue.

OMWTHM1LDERKZDULOREHAZELTHE
W.

(0013) -

(EA) RGEAAPBAPCHIMES—Fy ha

MKVARUVELAIML. ANy PULeTIEI—

Py bhdANyIJENTHRELFMAMNBRSENS,

Ex. 1004, Page 688



Ex. 1004, Page 689

 

(0014) RMMMMUOTANYy SULeras.

2-3 y bESCHEEAU 7ERPRETES RIGET

AERNRIENADS ISA (+) CavaNANA,

LOTIA (+) FA LOMAS —F'y DI, ro-

Ya VM, F-AMHBSET-TRNESTVNAROLTR

HAUNOMBERS.

(0015) CORHKRACI—SybH. BRD.

(HRAFRE AO TRML. BREKARL. HR

SUNEBBORMEES.
{0016} ¥—oy MICHELE ENMLTD CAI

YIVYARTIM. ABUOS—Sy bILERWE—

10

EOMAACNVARICAMTSE. EMH LOTS |

AVPORFENAHH. Y—-A oy bh LICMRALABR
hh. MURALI BATSSSA (+) (4>ORHE

PAL, 7S-PREICKSZRAMBMERIETS. -

(0017) COM. ¥—oy FKKAMTSERMON

EHDAORB ILKSTHOTH < £ OMRMH

SRO, RRBKLMRMMROBI ESLBBEL OK
KORDPDECSBETHD. CORREIA 1

3. 5 6MH2 Ay SHORMARED BBil.
{0018]

(ZRH) UFRDICH CKRAORBAIZ OY

TRAST.

(0019) BL, ANyS REO LAERTEO

Ct. BS. (HASMUBSERT.

(0020) HEMBSLENRRBOISIARLYIO“R

SRAERY SEORSHARZIINVAZEPULCUE
KL. RASGUMEBS | ANORSRCMMAEELTSCH

I. BOMBS IAB EP -—Sy bAYV-ESE

GHOUILARL. BF—-FybhAV—-FKS OMIA

{EF —A yh ECZOVH CRLF YLITSLIIUAE

iH, AMS LAILH ABA7 SUCH AKY

NEOHARBRSKLOANYFSHASBATSESIC

LK. RRACHHARAE7 EHRL. —HODRE

9 AIH AEMMGHRLO aS UCTKINENA (HAI

FUAIVHA) OHARBRS a TIL. MATOS AR

EIODICHAAZRMMALObDEPUTREHA (HAI

RHHAA) OHAKMH 8 b SIERMLA,

(0021) £A. ¥-S ybAYV—E SKK 1

LEMbADI yh L2ERULTEML: MbABIy
KL 2eEWMECHMET—7y 6AMEEAY

CAE OMBCHILARICMMTSKBILA.|

(0022) ER. 9—-YyhAY—ES ORME?
PREOVAKRYS ORONVTA Ry bi IeMAL

CT. F-AybhAV—E SIROSHRAMES—

Sy bh CORMIVSREOVAN y SIBERIA S

SASEBIZUN.

(0023) Ki. BI BREMWCKRUWDANYS

FIED BAANRGGHII DsTHREATS.

(0024) yee 1

30

40

50

OR 7-~224379

4ny, nae i ricmnse. oo knee S
SIMALES —7y ROELTTAR (S1) MI|
y heen. “4

(0.025) vr, AMR LASEMER2 Ic

XD 6.7X%10°8Pa ( 5X10 Torr) HEALAL. A

PEN LACH AGRE 8 amrGOTIASY (Ar) #

AL, AAKBRE DMSORR (Nr) HREMSM

_ SREHAREHABABTENULTHALT. GREM
BSL AOANy SEM 6.7X10' Pa (5K10-39 TO

Orr) EHSKGICLA, KESMIALECKURENS |
SErTR(SINx ) OMRBA20ERSESI

ArHAEN: AAMOHARSTNEN 100scemeSOscem =*
IMMBLAK. DOVFIREOLANY FRCL ORE |
fe9 —o' y b GIARMR LL KLOKRRMAIkKWEM

fol, AMMOF—Sy b6KERWeE/VLAaoYy kb

12RD MRM EZHS400KH ICME S threG/U
AR (2B) (CAML. ANy FULTeRoTH

4 LIAM I0ADRETTR (SINx ) MEBER

LK. H. AMMOI—AyhEARCMMTSE
Dir DEV MPFRALHER LOKWZE COMSIZ1IO ue seck

L, REM 10kizF2BAC1OOKHLE TOMS Susec .:
EL. MEMOSMARMStdl usec ELA. ¥-
zm,

él.

(0026) CLTREKSRERRRECAANO

BRET —7 yb 6 ICANTSEROMAIME
Lik. S#5NMEBRED ZIRT.

(0027) B3P5RMSMRLIICARLIAMTS

EAMORKMOWMMILED. RHRAARIIRDL.

PRA RASKHZEL bECHEOMRIDEEAE OKO. =

NULOMREMTEMLEARTOF—7y FCM

HSABKEMRELBNIENDMS, EK. Ar

IMT SEMILOAKEAA4OOKI2 (BFMllusec ) O

MSS. ROMMRD (13.56Miz) EAT) VaR

MLN, 400kLOMAKCLEMOMMise

RNY. tot. AMLOI— y KICMTsEM

(LOAEROS S~400KHZCHSC eAMBAHK.

(0028) EX. ARAM 5~400KHz CORRAL

SMAALM (13.56M) KO SAVMMMMCHS,
(0029) REAAHARY CHBANy FIRTH

WMAEZ—Ay hiLANy IFUL PZEIDE, F-7y

hEDJELO— LY 3 VBSOER ELIDAILA

ftL. HROMRATRCI—S y KMICAONMERTL

HITSE. WRLICSIA (+) OUNGAHIAL, 7

—Yyhb, LO-YalR. 7-AMNBLOMCT—F

BMNEAHIL. NHEKUTS. TOMRRAUMMR
ATSILEMUSMN, ARATIHICKTLICAA

MITE MY SAMI. Mb6—-LOMARRCHMTS&—

ENCE DDE OO ALE HAIR LCPOAMLFBEBAES
HZEDIZLTWHISA,

Ex. 1004, Page 689

 

DCYIFREOVANY SHORE 2500e .



Ex. 1004, Page 690

 

(0030) xiep12 ©
REHALLTRR (0: ) HAGA. AN SEE

6.7X10'Pa (5X10"Torr) EL. BRAS 2k
WEL, BREIHBRANSRILTTR (SiOx) o

BinSrl 44c2 SL ICRRRACMBLAUAILA

RAHM LCMROARCDCYVIRELOVANY Zi

KKOF—PybeLANyIVUYTZEHOCHRREKE

FRLOOA DALY1K (S 1Ox ) AREHARLA.
(0031) ELTHHRABREANIODI—Syb

AMTSEMLOMRAREICMELA. SSNkNWe

MRE 4ART. ,

(0032) BM4mMS5RSHRLISCAMMICAMTS

FEMI OMBRIS ke CHACHAEEL1

HBrLEMHMNS, .

(0033) MH. M4icsvSs I Nx OWA (M

FLED) HAMAR A 1 ONMKCMREVAORH IicRL
LOOCHS.
(0034) hH3

BMHte—SuheELTISITIb (CC) SAY. B

PHAELTAPY (CH: .) HAEMAY. ANY FTE

® 67X10! Pa (5X10 Torr) Cl. AHMNE 2

kKWELADUHSAAREA 1 ERIROAETDCVT
PROVAKRYSHELENI—-AybhiANyFUYA

Efio CHREKME DADSTVEYKESTIA—
WY (DLC) MERBRLA. .

(0035) €LtTR#HEBREANLDY—A yb

CAMSSERROMRRBICWE LE. FONkHE

wMREO RT.

(0036) B4m5MS5MRESCRRWICMTS

TEMPaHS KHz CRMAL SIZE UL

DZBILEMHMS,

(0037) Asie1, 2, 30%RHS, At

Y—Fy PRE. BTRBICEOSTA (+) ONO
MINARORASKD, RMemkMisy—-Ay KOGMITS

PAR RMILKE SiRGIS. Hot. MRR S KHZ
CHIL. MANI—-AybhRBCEANY IVY TP

OPMRULAMIMDTSIEMMRST LIS.

[0038] 2heGl4
BME —-YybhELTIWSEAVDA (Al). FY

(Tl). Soe (Ta), ERUCHSOSRAA

WAL-2atSTILeAh. REAAZELTRH

(Nr). BH-(O2 ) . KH (He ) . —RIC RH

(CO). SHR (CO:),. FYEAT (IN

IIs-) . 2K (It: O) SIM Bott 2 MEST,

LNSEEMANASDUL, SOWOREE MIREH

LEMME LTD CVASREOVAN y ZIEIE OBR

ERC. Rikth., RIKwOWSNMOUM BRL

RAS, AMMIZAMT SEMLAARKS KHZzKET

ANRYIYUYLIPILRERAORELRSNAMD
ke

(4)

10

30

” 40

50

RA 7-224379
6{003 ,@. MERA 1 CIAAMES — sy B

IS LEARY, REARELTRRAASAOTERRE

ILBbe 7H (SU Nx) MEBRLEAM, Baty—

Fy bELTSIORDVIZI n: O: -—SnoO: see

te (1 TO) . Befegesa (ZnO) . MILAX (SnO

>) AO. REARELTHRARZORD OILKR

(O: ), —ftRR (CO)CMMIERE (C

O: ). * (Hi O) FOMRESUAA, EKUEO
HAIKBHAA (MH: ) BELEHAAZEMY. AMO

F—Y y hITAMT SEMMOMKRES~400kH

Z2ELAMMANY SIR (CVIRROVANK YG

#&) (LAOBMEIBAAMEACHSI TO. ZnO.

SnOr OMMEMRTSI EMH.

(0040) BiBCUAMIC-EORRETERN

MEA WARICEVATSGA ELCOMME

ARMOMASDURKREELAMY THICMEENS

SOTSL<, MBACRTKICAMIICEMMAM

fF] (VULVAR) (LAMsns—-KPORRZELLTSH
koe
(0041)

(FEAR) RRADANy SHIRCKSL SI, K

BHARBAPC. AMMORMES—F7y MERE

EEOAAA C/UMARICAM LEMS ANY IVY
PEGIEDIULROTC, AKYIUYLIFBILI-F
bEISHALABRY. MIMEICBATS7TIAT

AVLORGEPMTSILEMURT. T-TRELES
REMADELLNSBMIBo CRORBEE TC

BRLICKMOMOHREGREBRTSOEMURS

EMH. ,

(0042) EK. KRMWAOANY SRA LSLE

ld, BAI — 7 y MICAMOCERe e—-EOMRE
CAMARICHMMF SMMREERTSLIILENT,

TF — THALES PMH ALE Bik L 2065 BOFBo

CHE YVR AEE CDE EE NZ RM OD Hn dy BT Pe TA AG

TSLEMMKRBDAIN y FRRENMKTSBRMHS,

(Emon Wits 221)

(41) ARVO AN ySHELRMTSLHOAN

yy FAPLOD | GID ILS ART OME.

(442) Cl mir koeates—Fy hicgmen

BACT FH ILE,

(E93) ASU Ay PIFTEO 1 HEAAIItt SHAR

D5 uD Wye ERE HOTBE OMA, SECSEMK

AM LONE e TREE,

(C44) ASE AS ey FFFIED MOREAZ 5 (F SM

HUY OM HRS VR MAKE OMKERTHERE.

(7IRI)

! LO UU SS, 2° YEMUERH. 4

ER. G6 WAY —A yb. 7 NABK

@. 8 AMNyFHARRE. 11 i ae Al

i@. 1-2 MUAAIYh.

Ex. 1004, Page 690



Ex. 1004, Page 691

 +

®

=z 0
(Vv)

g

: 200 r
SC —- 7158

TOoKE s

So
vmaeSUS

10 50 100

Me Mm CkHe)

 

(42)

| i ; my(sec)

(4)

=GQSCuES~)OMS
se>
 

MWR I-22 4S 0 Uo.

 
1 5 "10 50 100 1000

Klik hm (kHz)

 

JOYVEK-— YORE

(72)5tUI”  ALALIY
T-ASE LL ERLU ROHAUS23 ayeHX
FREED ALF HERPOETS

(72) 50018 De He YS

SF-WEUR LU EC BLL BRET RAUS230AR SOE

HEEL SthF GER HELEITN

(72) RG VE AS
FHV LU BRLU RATAVL 5.23 Brapetite
HER IN 22 FL -F ASEFEOF

(72) Ele HEF AR

7 WEUR LU ER UURA523 AES

HIER S th TF REALMEUPIA

(72) ewe UAT WT ES

GURUMPLURRBTHOS23|A ASOT

IN ERE SS HLF RAL HELDESEITN

(72) Fe33

(72) RONG

(72) RUNG

(72) RUG

(72) FE

BHA {BA

FTPRULUACILURESHANS23 AAVik
HIRES LE RENERUPT AS
hu ow

HULU AC EBLURROTHAS23 BARE
WERE 2 tk TTROPT

GM wk

T- REV LURE LU RETHAS23 Bas eee
PERSE StLFENFHI

AW Six

PELLEB LU GREP HAIS23 BAER
HESthREALRATA

hha Bah

SEA LUC EBL ERATRAOS23 BANE

HERS FRMUAOTA

Ex. 1004, Page 691



Ex. 1004, Page 692

This Page is Inserted by IFW Indexing and Scanning
Operationsandis not part of the Official Record.

BEST AVAILABLE IMAGES

Defective images within this document are accurate representationsof the original
documents submitted by the applicant.

Defects in the images include butare not limited to the items checked:

LU BLACK BORDERS

L) IMAGE CUT OFF AT TOP, BOTTOM ORSIDES

LU) FADED TEXT OR DRAWING

CO) BLURREDORILLEGIBLE TEXT OR DRAWING

LL) SKEWED/SLANTED IMAGES

L} COLOR OR BLACK AND WHITE PHOTOGRAPHS

L) GRAY SCALE DOCUMENTS

L) LINES OR MARKS ON ORIGINAL DOCUMENT

L) REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

CL} OTHER: 

IMAGES ARE BEST AVAILABLE COPY.

As rescanning these documentswill not correct the image
problemschecked,please do not report these problemsto
the IFW Image Problem Mailbox.

Ex. 1004, Page 692



Ex. 1004, Page 693

 PCT WORLD INTELLECTUAL PROPERTY ORGANIZATIONInternational Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : (11) International Publication Number: WO 99/61674

C23C 4/10, 4/12, 14/34 (43) International Publication Date: 2 December 1999 (02.12.99)

(21) International Application Number: PCT/EP99/03599|(81) Designated States: JP, US, European patent (AT, BE, CH, CY,
DE, DK, ES, FI, FR, GB, GR, IE, [T, LU, MC, NL, PT,

(22) International Filing Date: 26 May 1999 (26.05.99) SE).

(30) Priority Data: Published
98870120.7 26 May 1998 (26.05.98) EP With international search report.

(71) Applicant (for all designated States except US): UNIVER-
SITEIT GENT (BE/BE}; St. Pietersnieuwstraat 25, B-9000
Gent (BE).

(72) Inventors; and
(75) Inventors/Applicants (for US only): HOSTE, Serge [BE/BE];

Gaverse steenweg 579, B-9280 Merelbeke (BE). PERSYN,
Frans [BE/BE]; Oude boomgaardlaan 23, B-9080 Lochrist
(BE). VAN DRIESSCHE,Isabe! [BE/BE]; Wareslagstraat
94, B~9250 Waasmunster (BE).

(74) Agents: BIRD, William et al.; Bird Goén & Co., Termerestraat
1, B-3020 Winksele (BE).

(54) Title) SPRAYING METHOD TO FORM A THICK COATING AND PRODUCTS OBTAINED

outside T meas.

inside T meas.

+ control valve

(57) Abstract

A methodand an apparatus for spraying materials onto a substrate to produce a coating thereon is described which allows very thick
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SPRAYING METHOD TO FORM A THICK COATING AND PRODUCTS OBTAINED

Thepresentinventionrelates an apparatus and a method of sprayingto form a
coating on flat or curved substrates, for example, either as part of the direct

formation of metallic or ceramic coatings such as superconductive or piezo-

electric layersor for the production oftargets for sputtering magnetrons having
coatings which are precursors of such layers.

TECHNICAL BACKGROUND

From EP-A-286 135it is known to flame spray complex ceramic materials

onto a substrate such as a tape to form a superconductinglayer.It is suggested to

pre-heat the substrate to temperatures above 540°C and to cool the coating

slowly.It is further recommendedto treat the coating in an atmosphere containing
one of the components of the superconducting ceramic. An oxy-acetyleneflameis

used for the flame spraying. Thickness of up to 3 mm are described.

It is also known from US 5,196,400 to plasma spray a coating onto a target
for use in a sputtering magnetron to sputter a Y-Ba-CuO superconductorcoating.
Deposition ofonly a thin target coating of 0.5 mm is reported.

Theproduction of superconducting powders using flame sprayingis

reported in US 5,140,005. An oxy-acetylene flameis used.It is tacitly accepted
that the high temperature ofthe flame changesthe stoichiometric ratios of the

components and that this has to be compensated by increasing the more volatile

components in the original mixtures. US 5,045,365 describes a methodofcooling

a oxy-acetylene flame-sprayed substrate with water. Without special precautions,

water cooling is unsuitable for superconductors due to the water vapour produced.

EP-A-355 736 describes productionofflat 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

of Fe-C-Mo Alloys by Flame Spraying" describes up to 1.5 mm thick rapidly

CONFIRMATION COPY
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cooled thick layers of Fe-C-Moalloys 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 ofa layer of

relatively homogeneous material (nickel coated silicon) which is much easier to

handle than the heterogeneous oxide mixtures contemplated bythe present

invention. Layer thicknesses of up to 8 mm are described but 3 to 5 mm is

preferred. Variouslayers are proposedincluding a Ni-Allayer for improving

adhesion between the deposited layer and the substrate. A Ni-Al adhesion

promoteris known from DE-A-33 18 828.

Plasma spraying of superconducting materials is described in EP-A-28871 1

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 onflat

or curved substrates.

It is a further object of the present invention to provide an apparatus and a

method of spraying heterogeneous metal oxidesto form a thick walled ceramic

coating onflat or curved substrates whichis structurally sound.

It is a further object of the present invention to provide an apparatus and a

method ofspraying 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 ofspraying suitable for forming a thick walled ceramic coating on

flat or curved targets to be used in a sputtering magnetron.

It is still another object of the present invention to provide a method of

producing a (magnetron) vacuum sputtering target as well as the targetitself with

improvedthermal and electrical conductivity and high mechanical strength using

a spraying process employing dedicated powder formulations.

SUMMARYOF THE INVENTION
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Oneaspect ofthe 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 mostpreferably greater than 8 mm. Preferably,

the coating is deposited by spraying, e.g. flame or plasma spraying. Preferably,

the substrate is cylindrical and is more preferablyis suitable as a cylindrical target

substrate for a sputtering magnetron. The combination of oxides preferably

comprisesat least a superconductive precursor or a superconductor. The thermal

conductivity of the deposited material is preferably between 1 and 5 Wm'K"'.

Whendeposited onasteel substrate the thermal conductivity of the composite

preferably lies within the range 25 to 125 Wm'K"'. These valuesare particularly

preferred for YBa;Cu3O,coatings. Preferably, an adhesion promoterlayer is

applied onto the substrate before application of the coating of the metal oxide

combination. The adhesion promoter maybe a layer of Ni-Al ora layerof an In-

alloy, for example. The deposited coating is preferably impactresistant, e.g.

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 thermalproperties of the deposited layer. The noble metal

is preferably silver. The noble metal mayin included asa salt or oxide,e.g. silver

nitrate or silver oxide, in the material to be sprayed. Preferably, the electrical

resistivity of the deposited layer is lower than 15 x 10° Ohm.m,morepreferably

lower than 10 x 10° and mostpreferably less than 5 x 10° Ohm.m.Values below

1 x 10° Ohm.m can be achieved. Up to 30% of a noble metal suchas silver may

be added to lower theresistivity. These values are particularly preferred for

YBazCu;0; coatings.

Theelectrical , thermal and mechanical properties of the coating deposited

in accordance with the present invention shouldbesufficient that the deposited

layer can be applied to a suitable substrate by meansof a sputtering magnetron

preferably at a static sputtering deposition speedofat least 5 nm/minute, more

preferably, at 20 nm/minute and mostpreferably at at least 40 nm/minute.

Whena superconductorprecursor or a superconductive materialis
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deposited, at least 10% of the coating is in the superconducting phase, more

preferably 15%. This may be assisted by a subsequentlimited thermal treatment,

e.g. 3 hours and 940°C,after deposition.

Thepresent invention also includes a method of depositing by spraying a

superconductor precursor layer onto a cylindricaltarget for a sputtering

magnetron,the layer having a thickness ofat least 3 mm, and atleast 10% ofthe

layer being in a superconductive phase. Thepresent invention also includes a

method of depositing by spraying a layer onto a substrate, the layer having a

thicknessofat least 5 mm,and the coating comprising metal oxides.

In accordance with one aspect ofthe presentinvention a flame spraying

apparatusis provided for depositing a metal oxide combination onto a substrate to

produce a coating thereon, comprising: a bummerfor producinga 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 orless, preferably 1200°C or |

less. Preferably the temperature imparted maybea little higher than the melting

point of the powder to be sprayed, e.g. 600 to 1000°C for some metal oxides.

Preferably, the thickness of the deposited coating is greater than 3 mm more

preferably greater than 5 mm and mostpreferably greater than 8 mm.

Another aspect of the present invention is to provide a flame spraying

apparatus for depositing a metal oxide combination onto a substrate to produce a

coating thereon, comprising: a flame spraying gun; and a cooling system forthe

substrate, the cooling system including a device for bringing a cryogenic fluid into

contact with the substrate. Preferably, the thickness of the deposited coatingis

greater than 3 mm morepreferably greater than 5 mm and mostpreferably greater

than 8 mm. Theinput material for the sprayer may bea 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 powdersor precursors of the ceramic components,e.g. nitrates, of

such powders.

The present invention may provide a method of flame spraying a
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combination of metal oxide materials onto a substrate to produce a coating

thereon, comprising: generating a flame; feeding the material to be sprayed

through the flame, the flame imparting a temperature to the material to be sprayed

of 1500°C orless, preferably 1200°C or less. Preferably the temperature imparted

may bea little higher than the melting point of the powderto be sprayed, e.g. 600
to 1000°C for some metal oxides.

The present invention mayalso provide a method offlame 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

bringing 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

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

ofthe total heat energy into the spraying/coating system. This can be achieved by

careful control of parameters which influencethe energy input such as spraying

distance, spray head traverse speed, rotation speed ofa cylindrical substrate,

powder dwell timein the hot exit plume from the spray head,particle velocity

exiting the spray head, cooling method andrate of cooling the substrate during

coating deposition.

The present invention also includes a method ofreconditioning 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. Thetarget

material or coating is preferably a ceramiccoating, in particular a

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 precursorthereof. The present

invention includes a methodof spray drying a liquid to form a powdersuitable for

flame spraying. The spray dried powder maybesintered. The present invention

also includes a manufacturing method for depositing a coating on a substrate

comprising the steps of: spray drying a precursorliquid 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 ontoa final

substrate in the sputtering magnetron. The ceramic powder maybesintered after

the spray drying step. The flame ofthe flame spray gun preferably imparts a

temperature to the powderto be sprayed of 1500°C orless, preferably 1200°C or

less. Preferably the temperature imparted maybea little higher than the melting

point of the powderto be sprayed, e.g. 600 to 1000°C for some metal oxides.

Duringflame spraying the target is preferably cooled by bringing a cryogenic

fluid into contact with the target. In particular the cooling device should maintain

the solidified coating at a temperature between room temperature (~25°C) and

150°C, more preferably between room temperature (~25°C) and 100 °C.

The presentinvention includes an apparatus for spray drying a liquid to

form a powdersuitable for flame spraying. The present invention may also

include an apparatus for depositing a coating on a substrate comprising: a spray

drier for drying a precursorliquid to a powder, and a flame sprayer for flame

spraying the powderto form a coating on a substrate. The substrate may be a

target for a magnetron. Additionally, a sputtering magnetronfor sputtering the

final coating onto the final substrate using the target may be provided. The flame

of the flame spray gun preferably imparts a temperature to the powderto be

sprayed of slightly above the melting point of the sprayed material. Preferably the

temperature imparted is 1500°C orless, preferably 1200°C or less. Temperatures

of 600 to 850 °C maybe suitable for some metal oxides. In the flame sprayer a

cooling system for the target is preferably provided, the cooling system including

a device for bringing a cryogenicfluid 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 maybeused, for example, either as part of the direct

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 superconductinglayer ontoafinal substrate. The present invention may

provide oxide sputtering targets supporting very high powerdissipation thus

enabling high sputter deposition rates of at least 50 nm/min.

The dependentclaims describe additional individual embodiments of the

present invention. The presentinvention will now be described with reference to

the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. | is a schematic representation ofa flame spraying apparatus in

accordance with one embodimentof the present invention.

Fig. 2 is a schematic representation of a flame spraying apparatus in

accordance with another embodimentofthe presentinvention.

Fig. 3 is a schematic representation of a spray drying apparatus in

accordance with another embodimentofthe presentinvention.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

The present invention will be described with referenceto certain specific

embodiments and with referenceto certain specific drawings but the inventionis

notlimited 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 inventionis not limited thereto but

maybe used advantageously with other heterogeneous coatings such as ceramic

coatings, particularly those having special properties such as piezo-electric

coatings andin particular coatings which contain components which can be
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degraded by high temperatures or which are more volatile than other components.

Moreparticularly the present invention will be described with reference to the

manufacture of YBa2;Cu,0; superconducting powders and coatingsbutthe

inventionis not limited thereto but only by the claims. Further one way of

carrying out the present invention will be described with reference to low

temperature flame spraying butthe present inventionis notlimited thereto. By

carrying out the invention in accordance with the processingdetails and principles

described belowthick layer (greater than 3 mm, morepreferably greater than 5

mm and mostpreferably greater than 8 mm) metal oxide combination coatings

suitable for use as a sputtering magnetrontarget 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

presentinvention will mainly be described with referenceto an inputto the flame

spraying head of spray dried powder. The presentinvention is not limited thereto

but includes other formsofinput 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.

Fig. | is a schematic diagram of the flame spraying apparatus 10 in

accordance witha first embodimentof 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 sprayinggun available from the

same company. The gun 12 maybe provided with an air pincher. The gun 12 may

be fed with fuel gas in pipe 22, oxygenin pipe 23 and gun coolingair in pipe 24.

Additional gases may be supplied to the gun 12 as described for instance in US

5,273,957 or EP-A-413 296. Material to be coatedis fed in powderorliquid

form, e.g. a dry powder, a slurry of the powderandaliquidor in solution, to the

gun via conduit 26 from hopper 21. Gun 12 is mounted on a drive (not shown)
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which provides the necessary movements of the gun 12 to coat the substrate 19.

Whensubstrate 19 is a cylindrical target, for instance, for a rotating cathode

magnetron,this may be rotated and the movements of the gun 12 may besimple

reciprocating movementsparallel to the axis of the target 19. If the substrate 19 is

a flat rectangular orcircular plate, the movements may be provided bya suitable

robot and may be complex,e.g. including rotational cycloidal motions. For rapid

deposition several guns 12 may spray the same substrate 19 at the sametime.

Thefuel gas for the gun 12 may beselected from one ofacetylene,
propylene, hydrogen orsimilar fuels but the present invention is not necessarily

limited thereto. Particularly preferred in one embodimentofthe present invention

is a fuel with a lowercalorific value such as oneof ethylene,natural or town gas,

butaneor propaneas these provide a lower temperature flame than acetylene and

butaneis particularly preferred as it gives a stable easily controllable flame andis

considered safer than acetylene if powders containing copper compoundsare

used.It is generally accepted that oxy-acetylene flames have temperatures of 2000

°C and more.It is preferred in accordance with an embodimentofthe present

inventionif the flameofthe flame spraying gun 12 imparts a temperature only

sufficient to just melt the powder to be sprayed. Temperatures of 1500 °C orless

and preferably 1200 °C orless are preferred and temperatures between 600 and

1000 °C may be morepreferable. These low flame temperatures minimise

decomposition of the ceramic powder components during flame spraying.

Moreover, they limit the impactofevaporation of the materials to be flame

sprayed and allow a deposition efficiency of more than 80%,i.e. more than 80%

ofthe solid mass originally introducedinto the gun 12, becomesattached to the

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 butthis depends uponthe size of the flame. Similar coatings have been

obtained using both oxy-acetylene flame spraying and plasmaspraying. Attention

mustbe paid to the energy taken upby the sprayed particles during the spraying
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andthe transfer of this energy to the substrate. Intensive cooling ofthe substrate is

preferred which may beonthesideofthe substrate remote from the deposited

layer and/or on the sameside. Byaltering the velocity ofthe particles in the flame

or plasmathe dwell time therein maybealtered, thuslimiting the energy uptake
"by theparticles.

The material of substrate 19 preferably has a high melt temperature and a

high thermal conductivity and whenthe substrate 19 is to be used as a target for a
Sputtering magnetron a good electrical conductivity is preferable.It is also

preferred if the thermal expansionof the substrate material is similar to that of the

ceramic coating to be applied. In accordance with embodiments of the present

invention low temperature flame spraying and/orintense cooling of the substrate

19 allows the use of substrates 19 with a thermal expansion coefficient up to at
least twice or down to atleast a half of the thermal expansion coefficient of the

ceramic coating. A non-limitinglist of suitable materials maybesteel,iron,

stainless steel, copper or copperalloys, however the low temperature flame

spraying process in accordance with the presentinvention,either independently or
in combination with intense cryogenic cooling ofthe substrate 19, allows other

materials to be used such as paper, cardboard or polymeric materials. Preferably,
the substrate 19 should befree of grease and dry before deposition. Preferably,

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-Aloran 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 mountedin a suitable jig. For

example, a cylindrical substrate 19 is preferably mounted in a rotating device such

as a lathe. The substrate 19 maybe held byrotatable chucks at each endthereof.

The temperature ofthe solidified flame sprayed coating 40 on the surface ofthe

substrate 19 is preferably measured by a temperature sensor 13, 15. The sensor

head 13 is preferably a remote sensing optical head which is notin contact with

the surface 40 ofthe flame sprayed coating. The temperature to be measuredis of
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the solidified coating 40 andnotthat of the coating immediately on impacting the

substrate 19 which may havea higher temperature. Hence, the temperature sensor

13 is preferably mountedso thatit lags behind the impact position ofthe flame

sprayed materialsa little. In addition a temperature sensor 31 may be provided

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 amountof thermalstress in the coating, a low stress

reducing the possibility of cracks forming in the coating.

In accordance with one embodimentofthe present invention a meansfor

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 ofthe 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

spaced holes 29 for distribution of the cryogenicfluid inside the substrate 19 and

a control device 14 for receiving the output of the temperature sensor 13, 15 and

for controlling the operation ofthe control valve 11 so as to maintain the surface

temperature ofthe solidified coating 40 to within a certain range. Particularly

preferred is a temperature range from room temperature (25 to 30°C) to 150 °C

and more preferably room temperature to 100 °C. These low temperatures avoid

thermalstresses between the coating 40 and the substrate 19 providing a good

bond and good coating density, hardness and scratch resistance thus helpingto

ensure the long term stability of such a coating. Using a cryogenic fluid such as

liquid nitrogen (77 °K)is quite advantageous and economicalas it does not

require the complication of perfectly sealed rotating inlets and outlets to the
substrate 19 when wateror other liquid coolants are used. Additionally, cryogenic

fluids such as liquid nitrogen produce large temperature gradients, thus increasing

the thermalsink-effect. Other liquid coolants such as water are not excluded from
the present invention.

The cylindrical substrate 19 may be sealed by a seal 26 at one end andwith
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a rotating seal 28 at the other. The seal 28 may be provided with a sealed

feedthrough 27 for the supply of cryogenic fluid. If water cooling is used, rotating

seals at both endsof the cylindrical substrate are considered very importantto

prevent escape of water vapour into the deposition environment. In accordance

with an embodimentofthe present inventionit is preferred if the ends 26, 27

allow escape of a cryogenic fluid which then forms a shield gas around substrate

19 during the spraying process. Particularly preferred cryogenic fluids are liquid

nitrogen, liquid oxygen andliquid air. With some complex ceramic materials, one

or more components maybe reducedin the spraying process. For such materials it

may be advantageous to use a shield gas including oxygen, e.g. liquid air or liquid

oxygen, which mayhelp to reoxidise the reduced component. On the other hand

with other complex ceramics it may be advantageousto reduce the contacttime

with oxygen at high temperatures, under which conditions liquid nitrogen would

be preferred, or a reducing gas may beincluded such as hydrogen.It is preferable

to control the atmospherein the vicinity of the substrate 19 during coating .

deposition to prevent the presence of excessive water vapour andin 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 reduceits dew point.

It is preferred if the deposition rate is selected in order to maintain the

substrate surface temperatures mentioned above. Assuming thecylindrical

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 madeofstainless steel of 15 cm diameter and

up to 40 cm long, a powderdelivery of 5-10 g/min wassuitable to produce 3 -10

mm coatings when depositing a YBa;Cu3O, layer. Therotational speed ofthe

substrate 19 maybe in the range 10 to 100 RPM with a surface speedin the range

1 to 40 m/minand the longitudinal feed of the gun 12in the range 1-3 m/min,

typically 2 m/min. The deposition rate per reciprocating pass of the gun 12 may

be !0 to 50 micron thickness ofthe coating. About 10% to 15% ofthe 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 thicknessper passor the flame

temperature or reducing the thermal conductivity of the substrate material will

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 ] and 5 Wm"K"'.
When deposited ona steel substrate the thermal conductivity preferablylies

within the range 25 to 125 Wm''K”'. These values are particularly preferred for

YBa2Cu;0O,coatings. Preferably, an adhesion promoterlayer is applied onto the

substrate before application of the coating of the metal oxide combination. The

adhesion promoter may bea layer of Ni-Al or a layer of an In-alloy, for example.

The deposited coating is preferably impactresistant, e.g. withstands impactofa

0.036 kg steel ball from a height of 2 metres. Preferably, about 20% or up to 30%

of a noble metalis included in the oxide material to improve electrical and

thermal properties of the deposited layer. The noble metal is preferablysilver.

The noble metal mayin included asa salt or oxide,e.g. silver nitrate or silver

oxide, in the material to be sprayed. Preferably, the electrical resistivity of the

deposited layer is lower than 15 x 10° Ohm.m, morepreferably lower than 10 x

10° and mostpreferably less than 5 x 10° Ohm.m.Values below 1 x 10° Ohm.m

can be achieved. Up to 30% of a noble metal such as silver may be addedto lower

the resistivity. These values are particularly preferred for YBa2Cu3O; coatings.

Fig. 2 is a schematic representation of a further embodimentofthe flame

spraying process and apparatus in accordancewith the presentinvention.

Componentsin Fig. 2 with the same reference numbers asin Fig. 1 refer to

equivalentitems. The substrate 19 in accordance with this embodimentis a foil or

sheetof 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 andcutinto

lengths. The coating 40, which may be a superconductinglayer, is flame sprayed
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with a flame spray gun 12 similar to the one described with respect to Fig. 1. In

particularit is preferable to use a fuel with a lowercalorific value than acetylene

such as natural or town gas, butane or propane. Preferably, the temperature of the

flame of the gun 12 imparts a temperature of 1500 °C or less, more preferably

1200 °C orless to the material being sprayed through the flame. This material

maybein the form of powdereither of finished components of the coating 40,

e.g. oxides, or precursorsthereof, e.g. nitrates, or may be in the form ofa slurry

of powders, e.g. oxides, or a solution, e.g. ofnitrates. Gun 12 maybe controlled

by hand or more preferably by a robot to provide zigzag motions across the width

of foil 19 thus applying an even coating 40. Preferably a layer of 10 to 50 micron

thicknessis applied in each pass.

The temperature of the coating 40 may be monitored by one or more

optical sensors 13, 15. The temperature ofthe foil 19 is regulated by means of a

cryogenicfluid supplied from a container 16 toaseries ofholesorjets 29 via

conduit !7, a controllable valve 11 and a conduit 30. The valve !1 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 mostpreferably

between 50 and 100 °C. Such low temperatures allow a wide range of materials

for substrate 19 including polymeric materials, cellulosic materials as well as

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 maybeattachedto a roller 35. The

optical encoder may be read with an optical sensor 37, 38, the pulse frequency

generatedin the sensor 37, 38 being proportionalto the linear speed ofthe 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.

Whenproducing superconducting coatings 40,it is preferred if there is no

condensation of water onto the coating 40 noronto the foil 19 so it is preferredif

the atmosphere around the deposition equipmentis air conditioned to reduce the
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dew pointto below ambient temperature. Preferably the coated substrates in

accordance with this invention are preferably stored for long periodsin a plastic

bagfilled with a dry inert gas such as dry nitrogen. Oneaspectofthe present

invention is the flame spraying ofpowders which already have superconducting

properties in the powder form. Using the methodsin accordancewith 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 powderand/or metallic powder to be

used for flame spraying is preferably homogeneous, exhibits the appropriate

theological properties and correct stoichiometry to generate the required

properties in the final coating. Typical preferred densities for superconducting

powders maylie in the range 4 to 5 g/cm’. A non-limitinglist of suitable materials

which maybe flame sprayed as powders,slurries or liquid solutionsin

accordancewith the present invention are: superconducting materials such as

R,Ba,Cu3O, where R is Y, La, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu; or Biz.

xPb,SrCa,.;Cu,O,, ThBazCa,.;Cu,Oon+3, HgBazCa,.;Cu,O2n+2+8; or BagCa,.

1O2q+2, of CaBazCa,.,Cu,O2,+8; OF cuprate high temperature superconductors of

the general formula AjE2Ry-1Cu,O2n+m+2 Where A, E, R are selected from various

cations such as A= Bi, Tl, Hg, Pb, Cu ora lanthanide element, FE = Baor Sr and R

= Caor rare earth element; or piezo-electric ceramics, for example, with the

general formula M(Zr,Tij.,)O3 where M = Pb, BaorSr; or refractory ceramic

oxides, nitrides, carbides or phosphates, e.g. Al.O3, MgO,Zr,O,; or metals and
their alloys.

In accordance with a further embodimentofthe presentinvention a method
is provided for production ofsuitable ceramic powders. Bystarting from aqueous

solutions containingthesalts of the metals in the correct proportionsa reactive

precursor powder can be obtained using commercially available spray drying

equipmentin batchesof kilograms. Thetype ofsalt (mostly nitrates) should

preferably be compatible with thermal decomposition to oxides in further
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processes such assintering or flame spraying. In accordance with the present

invention spray dried nitrate powders may be flame sprayeddirectly or the

powders mayfirst be sintered and then flame sprayed.

A spray drying system 50 in accordance with an embodimentofthe present

invention for the delivery of powder suitable for subsequent flamesprayingis

shown schematically in Fig. 3. The inputliquid is drawn from a suitable source 53

via a peristaltic pump 54 to a spray head 71. Pressurised air 51 is drawn in

throughan 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

source 53 enters the spray head 71 which is cooled by any suitable means 55 to

prevent clogging due to early evaporation ofthe 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 dnes to a powder. Theliquid from source 53 may be a

solution of suitable nitrates or a slurry of the relevant oxides with the addition of

other agents suchas 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 theoutlet of the spray head 71. The air

65 also heats the spray head 71. The circumferential air flow 65 guidesthe

evaporating liquid in chamber 56andhelps to prevent the powderstickingto the

walls of the chamber 56. The air throughputof fan 63 is chosen so that powder of

the correct grain size is swept from chamber 36 through an optional heatersection

58 into a powdercollector 59. Heavier particles settle out in trap 57 and are

removed from the bottom of chamber56.

The powdercollector 59 may be any suitable device such as a cyclone, a
bag filter or an electrostatic filter although a cyclone is preferred. The cyclone

discharges the powderinto a removable container60 sealed to the bottom of the
cyclone 59. Spent air is removedvia the trap 61 and scrubbed in scrubber12 to

remove impurities. The final clean air is exhausted to atmosphere by the fan 63

which controls air flow through the system.

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 ofthe heating

element 64 and the flow of the atomisedair are set with controller 67, 70. Air

flowis measured by gauge 68. The temperature of the hotair 65 and the air in the

tube leading from the chamber 56to the optional heater 58 is monitored using

thermocouples 66, whereas final powder temperature is monitored by temperature

sensor69.

After spray drying, the powder maybesintered in a single step. For

example, to produce a superconducting powderof the general formula

YBaCu;0, with optional Ag, the required nitrates are dissolved in waterin the

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 mayfirst be reduced by heating in air at 780 °C for 10

hoursbefore sintering at the above temperatures and times. The YBazCu307

powder produced by this procedure is superconducting. On aspect of the present

invention is to produce powders with superconducting properties by spray drying

and optionalsintering and then to flame spray these superconductive powders at

the lowest flame temperatures necessary to obtain melting of the powder and

coating formation on the substrate while cooling the coating in the fastest possible

way. By this procedure the crystal structure present in the superconducting

powderis disturbed aslittle 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

shorteningthe timein the melt phase by cooling the coating very rapidly in

accordance with the present invention, somelocal crystal organisation is kept in

the final flame sprayed coating, e.g. about 10%of the final coatingis 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.

Altematively, the powder forflame 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

mixing in the correct proportions to obtain the stoichiometric proportionsin the

final coating. A quantity of deionised water is added of about 60% by weight of

the powderas well as a quantity of an organic binder such as PVA (polyvinyl

acetate) equal to about 2% by weight of the powder and then mixedintoaslurry.

Theslurry is then spray dried as described aboveresulting in powder with a grain

size from 30 to 50micron. Generally, spray dried oxideslurries do not require

sintering before flame spraying. The organic binder may be burnt out during

flame sprayingor in a special sintering step.

Spray drying of 10% by weightnitrate solutions generally produce grain

sizes of 3 micron on average with at least 90% ofthe grains between 0.5 and 5

microns. In order to obtain the required grain size it is preferable to sinter as

mentioned above. Light grinding and sievingofthis sintered powder may produce

a massfraction of more than 80% with grain sizes between 40 and 80 micron. By

the variation of appropriate concentrationsofthe solution of the aqueous media

53, and/or the addition of binders and/or the spray drying of slurnies rather than

solutions, allowscontrolof the grain size in the final powder to between 2 and

100 microns. For example, the present invention includes the addition of organic

binders such as polyvinyl acetate (PVA)to the liquid to be spray dried to control

grain size in the final powder. Such binders may be burntoutin a later high

temperature process suchas sintering. An average grain size of 40 to 80 microns

is preferred for good flame spray deposition. The final powder maybe lightly

milled and sieved to be improve the homogeneity of grain sizes.

Oneaspect of the present inventionis the inclusionof silver metal in the

final superconducting ceramic coating. This is achieved as mentioned above by

inclusion of about 20% to 30% by weightof the ceramic materials of silver nitrate

whennitrate solutions are spray dried and the flame sprayed or by addition of
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Ag2O powderin an oxide slurry whichis then spray dried and flame sprayed. The

addition of silver in the flame sprayed material is beneficial for the inter-grain

adhesion and heatdispersal during flame spraying thus yielding a strong and

dense coating. The silver improves the thermal andelectrical conductivity of the

flame sprayed coating whichis beneficial to the sputtering process when the

substrate is used as a sputtering target. The improved conductivities allow higher

powerthroughputfor the magnetron than targets not containingsilver.

The flame spraying process in accordance with the present invention

allows the reconditioning of targets for sputtering magnetrons.It 1s well known

that the presenceofa static race-track plasma on a magnetron target during

sputtering results in an erosion groove and poortargetutilisation. Using the flame

spraying processof the presentinvention such a worn target may be reconditioned

by spraying the appropriate target material into the erosion groove and building

up thetargetto its former thicknessin these regions. By providing the intensive

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 temperaturesresultin little damage to

the existing target material whilestill providing a mechanically strong coating in

the old erosion grooves. Such as process is particularly economic when the target

material is expensive such as superconducting materials. The flame spraying gun

12 described above may be handheld andthe contour of the erosion groovein 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 whichis

programmedto execute the correct motions with the gun 12to fill up the erosion

groovein thetarget.

While the invention has been shown and described with referenceto

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 defined in the attached

claims.
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CLAIMS

1. A composite compnsing:a substrate and a coating deposited on said substrate,

the coating being deposited by spraying, the thicknessof the coating beingat least 5

mm, more preferably greater than 8mm,the coating comprising metal oxides.

2. The composite according to claim 1, wherein the coating comprises a

superconductor precursor and at least 10% ofthe coating is in a superconductive

phase

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 thetarget is cylindrical.

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 preferablyat least 5 mm, most

preferably greater than 8mm,the coating comprising a superconductor precursor and

at least 10% ofthe coating is in a superconductive phase.

6. The target or a composite in accordance with any previous claim, wherein the

coating has a thermalconductivity of between 1 and 5 Wm'K".

7. The target or a composite in accordance with any previous claim, wherein the

thermal conductivity of the composite or the target through the substrate and the

coatingis in the range 25 to 125 Wm'K”.

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° Ohm.m, morepreferably

lower than 10 x 10° and mostpreferably less than 5 x 10° Ohm.m.
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9. The target or a composite in accordance with any previous claim, wherein the

coating can withstand impact ofa 0.036 kgsteel ball from a heightof 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 andflamespraying.

11. A method of depositing by spraying a superconductor precursorlayer onto a

cylindrical target for a sputtering magnetron,the layer having a thicknessofat least

3 mm,andat least 10% ofthe layer being in a superconductivephase.

12. A methodofdepositing by spraying a layer onto a substrate, the layer having a

thicknessofat least 5 mm, andthe coating comprising metal oxides.

13. The method accordingto claim 11 or 12, wherein the sprayingstep is one of

flame spraying and low-pressure or atmospheric pressure plasmaspraying.

14. The method accordingto claim 13, wherein the spraying step includes spraying

a material through a spraying head, the material being in the form of a powder, a

slurry or a solution.

15. A method ofreconditioning a used target for a sputtering magnetron having an

erosion groovein the target material, comprising the step of: flame or atmospheric

pressure plasma spraying target material into the erosion groove.

16. A reconditionedtarget for a sputtering magnetron, comprising:

an erosion groovein the target material; and target material flame sprayed or

atmospheric plasmasprayed into said groove to restore the thickness of the target

material to that of the unused material.
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(57) Abstract: In accordance with the present invention, deposition of LiCoO, layers in a pulsed-de physical vapor deposition
& Process is presented. Such a deposition can provide 2 low-temperature, high deposition rate deposition ofa crystalline layer of Li-
Ss CoO, with a desired <101> or <003> orientation. Some embodiments of the deposition addresses the need for high rate deposition

eS of LiCoO, films, which can be utilized as the cathode layer in a solid state rechargeable Li battery. Embodiments of the process ac-
& cordingto the presentinvention can eliminate the high temperature (>700°C) anneal step that is conventionally needed to crystallize
@N the LiCoO, layer. Some embodiments of the process can improve a battery otilizing the LiCoO, layer by utilizing a rapid thermal

anneal process with short ramp rates.
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DEPOSITION OF LICoO,

RELATED APPLICATION

[001] The present application claimspriority 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 ofwhich are herein incorporated by reference in their entirety.

BACKGROUND

1, Field ofthe Invention

(002) The present inventioniselated to thin-film solid-state batteries and, in
particular, the deposition of LiCoO, films and|layers for battery manufacture.

2. Discussion ofRelated Art

[003] Solid-state thin-film batteries are typically formed by stacking thin films on a

substrate in such a waythat the films cooperate to generate a voltage. The thin films

typically include current collectors, a cathode, an anode, and an electrolyte. The thin films
can be deposited utilizing a number ofdeposition processes, including sputtering and

electroplating. Substrates suitable for this application have conventionally been high

temperature materials capable ofwithstandingat least one high temperature anneal processto

at least 700 °C for up to about 2 hours in air so as to crystallize the LiCoO, film. Such a

substrate can be any suitable material with appropriate structural and material properties, for

example a semiconductor wafer, metallic sheet (e.g., titanium or zirconium), ceramic such as

alumina, or other material capable of withstanding subsequent high temperature processingin
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the presence ofthe LiCoOs, which can experience significantinterfacial reactions with most

materials utilized in a battery during these temperature cycles.

[004] Other lithium containing mixed metal oxides besides LiCoO,, including Ni,

Nb, Mn, V, and sometimes also Co, but including other transition metal oxides, have been

evaluated as crystalline energy storage cathode materials. Typically, the cathode material is

deposited in amorphous form and then the material is heated in an anneal process to form the

crystalline material. In LiCoO;, 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 ofexpensive noble

metals such as gold. Such high thermal budget processes (i.e., high temperatures for

extended periods of time) are incompatible with semiconductor or MEM device processing ~~

and limit the choice of substrate materials, increase the cost, and decrease the yield ofsuch

batteries. The inventors are unaware ofa process disclosed in the art that allows production

ofcathodic lithium films for a battery structure where a post-deposition anneal process has a

low enough thermal budget to allow production offunctional structures on low temperature

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

[005] It is known that crystallization ofamorphous LiCoO, on precious metals can

be achieved. An exampleofthis crystallizationis discussed in Kim et al., where a

conventional furnace anneal at 700°C for 20 minutes ofan amorphous layer of LiCoQ, on a

precious metal achieves crystallization ofthe LiCoO, material, as shown by x-ray diffraction

data. Kim, Han-Ki and Yoon, Young Soo,“Characteristics ofrapid-thermal-annealed

LiCoQ:, cathode film for an all-solid-state thin film microbattery,” J. Vac. Sci. Techn. A

22(4), Jul/Aug 2004. In Kim et al., the LiCoO), film was deposited on a platinum film that

was deposited on a high-temperature MgO/Si substrate. In Kim et al, it was shown that such
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a crystalline film is capable of constituting the Lit ion containing cathode layer of a

functional all solid-state Li+ ion battery. However, it is of continuing interest for the

manufacture of solid state Lit+ ion batteries to further reduce the thermal budgetofthe post

deposition anneal, both in time and in temperature, so as to enable the manufacture ofsuch

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, film that demonstrates some observable crystalline composition by low

angle x-ray diffraction (XRD). Some examples of these are found in U.S. Patent

Applications 09/815,983 (Publication No. US 2002/001747), 09/815,621 (Publication No. US

2001/0032666), and 09/815,919 (Publication No. US 2002/0001746). These references

disclosetheuseof a second front sideionbeamor otherion sourceside-by-side witha = ==

deposition source so as to obtain a region ofoverlap of the flux ofions with the flux of

LiCoO, vapor at the substrate surface. None ofthese references disclose film temperature

data or other temperature data ofthe film during deposition to support an assertion oflow

temperature processing.

[007] Itis very difficult to form a uniform deposition either by sputtering a

material layer or by bombardment with an ion flux. Utilization of two uniform simultaneous

distributions from two sources that do not occupy the sameposition and extent with respect

to the substrate enormously increases thedifficulties involved in achieving a uniform material

deposition. These references do not disclose a uniform materials deposition, which is

required forreliable production ofthin-film batteries. A well understood specification for

material uniformity for useful battery products is that a 5% one-sigma material uniformity is

standard in thin film manufacturing. About 86% ofthe films with this uniformity will be

found acceptable for battery production.
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[008]  Itis even more difficult to scale a substrate to manufacturing scale, such as

200 mm or 300 mm. Indeed, in the references discussed abovethatutilize both a sputtering ,

deposition and an ion beam deposition, only smal] area targets and small area substrates are

disclosed. These references disclose a single feasibility result. No method for achieving a

uniform distribution 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 ofthe 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 volumein 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 LiCoO; material, onto a substrate.

SUMMARY

{011] In accordance with the present invention, deposition ofLiCoO, layers in a

pulsed-dc physical vapor deposition process is presented. Such a deposition can provide a

low-temperature, high deposition rate deposition ofa crystalline layer ofLiCoO, with a

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

rate deposition ofLiCoO> films, which can be utilized as the cathode layer in a solid state

rechargeable Li battery. Embodiments of the process according to the present invention can

eliminate the high temperature (>700 °C) anneal step that is conventionally needed to

crystallize the LiCoO, layer.

[012] A method ofdepositing a LiCoO, 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 toatarget
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formed ofLiCoQ, positioned opposite the substrate. In some embodiments, a LiCoO, layer

is formed on the substrate. Further, in some embodiments the LiCoOz layer is a crystalline

layer oforientation <101>.

[013] Insome embodiments,a stacked battery structure can be formed. The

stacked battery structure includes one or more battery stacks deposited on a thin substrate,

wherein each battery stack includes: a conducting layer, a crystalline LiCoQ, layer deposited

over the conducting layer, a LiPON layer deposited over the LiCoQ, layer; and an anode

deposited over the LiPON layer. A top conducting layer can be deposited over the one or

more battery stacks.

[014] Insome embodiments,a battery structure can be formed in a cluster tool. A

method ofproducing 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; - - - Loe

depositing a crystalline LiCoO> layer over the conducting layer in a second chamber ofthe

cluster tool; depositing a LiPON layer over the LiCoOz layer in a third chamber ofthe cluster

tool; depositing an anode layer over the LiCoO; layer in a fourth chamber; and depositing a

second conducting layer over the LiPONlayer in a fifth chamber ofthe 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 portionis attached to the bottom

portion.

[016] These and other embodiments ofthe 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 notrestrictive ofthe invention, as claimed. Further, specific explanations or theories

regarding the deposition or performance ofcertain layers during deposition processes or in

the performance of devices incorporating those layers are presented for explanation only and

Ex. 1004, Page 730



Ex. 1004, Page 731

( (
WO 2006/063308 PCT/0S2005/044781

are not to be considered limiting with respect to the scope ofthe present disclosure or the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[017] Figures 1A and 1Billustrate a pulsed-DC biased reactive deposition

apparatus that can be utilized in the methods ofdepositing according to the present invention.

[018] Figure 2 shows an example ofa target that can beutilized in the reactor

illustrated in Figures 1A and 1B.

[019] Figure 3 illustrates a thin-film battery design according to some

embodiments ofthe present invention.

[020] Figures 4A and 4B show an x-ray diffraction analysis ofand an SEM

Photograph ofa LiCoO, film deposited according to embodiments ofthe present invention.
021) "Figures 5A.through 5F show SEM photographs ofLiCoO, filmsaccording to

some embodiments of the present invention.

[022] Figure 5G shows x-ray diffraction data corresponding to the depositions
shown inFigures 5B-5F.

[023] Figure 6Aillustrates a layer ofLiCoO2 deposited according to some

embodiments ofthe present invention on a thin substrate.

[024] Figure 6B illustrates a layer ofLiCoO, deposited according to some

embodiments ofthe present invention over a conducting layer on a thin substrate.

[025] Figures 7A, 7B, 7C, and 7D illustrate a thin substrate mount and mask

arrangementthat can beutilized in the deposition ofLiCoO2 layers deposited according to

some embodiments ofthe present invention.

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

LiCoQ, layers deposited according to some embodiments ofthe present invention.
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[027] Figures 9A and 9Billustrate examples ofstacked batter structures with

LiCoQ, layers deposited according to some embodiments ofthe present invention.

[028] Figures 10A through 10D illustrate deposition and anneal steps for LiCoO

deposited over an iridium layer on a silicon wafer.

[029] Figures 11A through 11D illustrate a single layer battery formed over an

iridium layer according to some embodiments ofthe presentinvention.

[030] Figures 12A through 12Lillustrate deposition ofa crystalline LiCoO2 layer

onasilicon or alumina substrate.

[031] Figures 13A through 13Fillustrate rapid thermal anneal processes for

LiCoO, layers deposited according to the present invention.

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

LiCoO, film deposited according to embodiments ofthe present imvention.

[033] Figures 15A and 15B illustrate the effects oframp-time in a rapid thermal

anneal ofLiCoO, films deposited according to the present invention.

[034] Figure 16 illustrates thickness uniformity ofa LiCoO2film deposited

according to some embodiments of the present invention.

(035] Figure 17 illustrates battery charge and discharge profiles of a battery formed

utilizing a LiCoO, film according to some embodiments ofthe present invention.

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

functions.

DETAILED DESCRIPTION

[037] In accordance with embodiments ofthe present invention, LiCoO) films are

deposited on a substrate by a pulsed-de physical vapor deposition (PVD) process. In contrast

to, for example, Kim et al., LiCoOy films according to some embodiments ofthe present

7
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invention provide a crystalline LiCoO, film as deposited on a substrate at a substrate

temperature as low as about 220 °C during deposition, without the use ofa metallic

nucleation or barrier underlying film. The as-deposited crystalline LiCoO> films can be

easily ripened to very high crystalline condition by anneal at about 700 °Cfor as little as 5

minutes without the use ofan underlying precious metal film. In addition, the as deposited

crystalline films, when positioned on a noble metal film can be annealed at much further

reduced temperatures, for example as low as 400 to 500 °C, providing for deposition,

annealing, and production ofsolid state batteries on lower temperature substrates.

[038] In the present application, a single, extended source is described which has

been scaled to 400mm X 500mm for production achieving a LiCoO, uniformity of 3% one-

sigma measured at 25 points at a deposition rate of 1.2 microns thickness an hour over an

area of2000 cm?, without the need for secondary front side ion source or ion assistance.

[039] Inone example process, a LiCoQ, film was deposited utilizing a conductive

ceramic LiCoO> target as described herein, with pulsed-dc power of4 kW, nobias, with 60

sccm Arand 20 sccm QO gas flows. A 3000 Angstrom layer of crystalline LiCoO2 was

deposited on a substrate area of400 X 500 mm. As demonstrated in Figure 16,film

thickness uniformity was located at about 25 locations spaced uniformly across the substrate

using a felt marker pen to lift offa portion ofthe film in each location. High precision white-

light interferometry was utilized to measure the film thickness in each location by measuring

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

demonstrated a 3% one-sigma uniformity in the film thickness over 400 X 500 mm substrate

area. As shown in Figure 16,a film was deposited with average thickness ofabout 2.96 pum

with a maximum of3.09 1m and a minimum of2.70 jum and standard deviation of0.093.

Thickness data was taken at points spaced 0.65 mm apart on the surface ofthe film. The film

thickness therefore showed 3% one-sigma uniformity over the shown surface area.
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(040] Onother depositions utilizing this process, a temperature measurementofthe

substrate during deposition showed that the substrate remained at less than 224 °C.

Temperature measurements were performed utilizing a temperature sticker purchased from

Omega Engineering, Stamford, Ct (Model no. TL-F-390,active from 199-224 °C).

[041] Moreover, in some embodiments, films deposited accordingto the present

invention can have a deposition rate offrom about 10 to about 30 times higher than processes

in conventional films. Deposition thicknesses and times ofdeposition for films deposited

accordingto 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 ofprior sputtering processes, resulting in much higher

productivity and much lower cost ofmanufacture, thereby providing high-volume, low-cost

- batteries. - -

[042] Further, conventional deposition processes without ion sources are capable

ofdepositing amorphous LiCoQ, layers, but do not deposit crystalline LiCoO, layers.

Surprisingly, depositions according to some embodimentofthe present invention, deposit a

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

In some embodiments,the crystallinity ofthe as-deposited LiCoO, layers is sufficient to be

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

crystallinity ofthe as-deposited LiCoOy 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 ofsome LiCoO, layers deposited
according to some embodiments ofthe present invention shows that this layer is sufficient for

utilization in a battery. With the demonstrated ability to deposit a LiCoO film with

crystallinity and with sufficient stoichiometry, a battery utilizing as-deposited LiCoO, films
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can be produced. Heat treating the LiCoO, layers may improvethe crystallinity and lower

the impedance.

[044] Insome embodiments,a crystalline layer ofLiCoO, with a <101> ora

<003> crystalline orientation is deposited directly on the substrate. Deposition ofcrystalline

material can eliminate or lessen the need ofa 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 ofbatteries while retaining the energy density storage

capabilities ofLi-based batteries. In same embodiments, a crystalline LiCoO, layer can be

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

significant lowering ofthe ripening thermal budget required to improvecrystallinity.

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

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

ReactiveSputtering ofOxide Films,” to Hongmei Zhang, et al., filed on March 16, 2002.

Preparation oftargets is described in U.S. Patent Application Serial No. 10/101,341, entitled

“Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar Applications,” to Vassiliki

Milonopoulou, et al., filed on March 16, 2002. U.S. Patent Application Serial No. 10/101863

and U.S. Patent Application Serial No. 10/101,341 are each assigned to the same assignee as

is the present disclosure and each is incorporated herein in their entirety. Deposition ofoxide

materials has also been described in U.S. Patent No. 6,506,289, which is also herein

incorporated by reference in its entirety. Transparent oxide films can be deposited utilizing

processes similar to those specifically described in U.S. Patent No. 6,506,289 and U.S.

Application Serial No. 10/101863.
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[046] Figure 1A shows a schematicofa reactor apparatus 10 for spuitering

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 ofa material film. Apparatus 10 can also be a

Phoenix Gen II PVD cluster tool made by Symmorphix, which is specifically designed for

pulsed-dc processes such as is described herein.

[047] Apparatus 10 includes target 12 which is electrically coupled throughafilter

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 ofpower 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 oftarget 12.

[048] For pulsed reactive dc magnetron sputtering, as performed by apparatus 10,

the polarity of the power supplied to target 12 by power supply 14 oscillates between
negative and positive potentials. During the positive period, the insulating layer on the

surface oftarget 12 is discharged and arcing is prevented. To obtain arc free deposition, the

pulsing frequency exceedsacritical frequency that can depend on target material, cathode

current and reverse time. High quality oxide films can be madeusing reactive pulse DC

magnetron sputtering as shown in apparatus 10.

11
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[049] Pulsed DC power supply 14 can be any pulsed DC power supply,for

example an AE Pinnacle plus 10K by Advanced Energy, Inc. With this DC power supply, up

to 10 kW ofpulsed DC power can be supplied at a frequency ofbetween 0 and 350 kHz. The

reverse voltage can be 10% ofthe negative target voltage. Utilization ofother power supplies

can lead to different power characteristics, frequency characteristics, and reverse voltage

percentages. The reverse time on this embodiment ofpower supply 14 can be adjusted

between 0 and 5 pss.

[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.

(051] Insome embodiments, filter 15 can be a 2 MHz sinusoidal band rejection

filter. In some embodiments, the band width ofthefilter 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 ofthe pulsed-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 important, due to the boundaries between the

columns. The columns act to lower the dielectric strength ofthe material, but may provide

diffusion paths for transport or diffusion of electrical current, ionic current, gas, or other

chemical agents such as water. In the caseofa solid state battery, a columnar structure

containing crystallinity as derived from processes according to the present invention is

beneficial for battery performance becauseit allows better Li transport through the

boundaries of the material.

[053] In the Phoenix system, for example, target 12 can have an active size of

about 800.00 X 920.00 mm by4 to 8 mm in order to deposit films on substrate 16 that have ~

{2
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dimension about 600 X 720 mm. The temperature ofsubstrate 16 can be adjusted to between

—50 °C and 500 °C. The distance between target 12 and substrate 16 can be between about 3

and about 9 cm (in some embodiments, between 4.8 and 6 cm are used). Process gas can be

inserted into the chamber ofapparatus 10 at arate up to about 200 sccm while the pressure in

the chamber of apparatus 10 can beheld at between about .7 and 6 milliTorr. Magnet 20

provides a magnetic field ofstrength between about 400 and about 600 Gauss directed in the

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

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

magnet with dimensions about 150 mm by 800 mm.

[054] Figure 2 illustrates an example oftarget 12. A film deposited on a substrate

positioned on carrier sheet 17 directly opposed to region 52 oftarget 12 has good thickness

uniformity. Region 52 is the region shown in Figure 1B that is exposed to a uniform plasma

condition. In some implementations, carrier 17 can be coextensive with region 52. Region

24 shown in Figure 2 indicates the area below which both physically and chemically uniform

deposition can be achieved, for example where physical and chemical uniformity provide

refractive index uniformity, oxide film uniformity, or metallic fitm uniformity. Figure 2

indicates region 52 oftarget 12 that provides thickness uniformity, which is, in general, larger

than region 24 oftarget 12 providing thickness and chemical uniformity to the deposited film.

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

[055] Insome embodiments, magnet 20 extends beyond area 52 in onedirection,

for example the Y direction in Figure 2, so that scanning is necessary in only one direction,

for example the X direction, to provide a time averaged uniform magnetic field. As shown in

Figures 1A and 1B, magnet 20 can be scanned over the entire extent oftarget 12, which is

larger than region 52 ofuniform sputter erosion. Magnet 20 is moved in a planeparallelto

the plane oftarget 12.
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[056] The combinationofa uniform target 12 with a target area 52 larger than the

area of substrate 16 can providefilms ofhighly uniform thickness. Further, the material

properties ofthe 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 ofthe target surface with the gas phase ambient ofthe

process are uniform over a region whichis greater than or equal to the region to be coated

with a uniform film thickness. In addition, the region ofuniform film thickness is greater

than or equal to the region ofthe film which is to have highly uniform electrical, mechanical,

or optical properties such as index ofrefraction, stoichiometry, density, transmission, or

absorptivity.

[057] Target 12 can be formed ofany materials that provide the correct

stoichiometry for LiCoO2 deposition. Typical ceramic target materials include oxides ofLi

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;for deposition of LiCoO> film.

[058] Insome embodiments ofthe invention, material tiles are formed. Thesetiles

can be mounted on a backing plate to formatarget 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 oftiles, 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 eliminate plasma

processes that may occur between adjacent ones oftiles 30. The distance between tiles of

target 12 and the dark space anode or ground shield 19 in Figure 1B can be somewhat larger

so as to provide non contact assembly or to provide for thermal expansion tolerance during

process chamber conditioning or operation.

14
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[059] Asshown in Figure 1B, 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 ofuniform 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 filn

deposited on substrate 16. In practice, planarity of target 12 can mean that all portions ofthe

target surface in region 52 are within a few millimeters ofa planar surface, and can be

typically within 0.5 mm ofa planar surface.

[060] Figure 3 showsabattery structure with a LiCoO, layer deposited according

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

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

layer 302 can be patterned in various ways before deposition ofa LiCoO, layer 303. Also

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

some embodiments ofthe invention, layer 303 is crystalline without the necessity ofa

crystallizing heat treatment. Therefore, substrate 301 can bea 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 crystallizing heat treatment. This feature can have the great advantage

ofdecreasing the expense and weight ofbattery structures formed by the present invention.

The low temperature deposition ofthe LiCoO, allows for successive depositions ofbattery

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 ofa substrate

15
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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 LiPON layer 304 (Li,PO,Nz,) is deposited

over LiCoO, layer 303. LiPON layer 304 is the electrolyte for battery 300 while LiCoO,

layer 303 acts as the cathode. A metallic conducting layer 305 can be deposited over the

LiPONlayer 304 in order to complete the battery. Metallic conducting layer 305 can include

lithium adjacent to LiPON layer 304.

[063] An anode 305 is deposited over LiPON layer 304. Anode 305 can be, for

example an evaporated lithium metal. Other materials such as, for example, nickel can also

be utilized. A current collector 306, which is a conducting material, is then deposited over at

least a portion ofanode 305.

[064] A Li based thin film battery operates by transport ofLi ions in the direction

from current collector 306 to currentcollector 302 in order to hold the voltage between

current collector 306 and current collector 302 at a constant voltage. Theability for battery

structure 300 to supply steady current, then, depends on theability ofLi ions to diffuse

through LiPON layer 304 and LiCoO, layer 303. Li transport through bulk cathode LiCoO,

layer 303 in a thin film battery occurs by the wayofgrains or grain boundaries. Without

being restricted in this disclosure to any particular theory oftransport, it is believed that the

grains with their planes parallel to substrate 302 will block the flow ofLi 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 high-current battery

16
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structure, LiCoO2 layer 303 should include crystals oriented in the <101> direction or <003>

direction.

[065] In accordance with the present invention, LiCoO films can be deposited on

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

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

Phoenix system, and an Advanced Energy Pinnacle plus 10K pulsed DC power supply can be

utilized to provide power to a target. The pulsing frequency ofthe power supply can vary

from about 0 to about 350 KHz. The power output of the power supply is between 0 and

about 10kW. A target ofdensified LiCoO, tiles havinga resistivity in the range of about 3 to

about 10 kQ can be utilized with dc-sputtering.

[066] In some embodiments, LiCoO, films are deposited on Si wafers. Gas flows

———------——containing Oxygen and Argon can beutilized. In some embodiments, the Oxygen to Argon

ratio ranges from 0 to about 50% with a total gas flow of about 80 sccm. Thepulsing

frequency ranges from about 200 kHz to about 300 kHz during deposition. RF bias can also

be applied to the substrate. In manytrials, the deposition rates vary from about 2

Angstrom/(kW sec) to about 1 Angstrom/(kW sec) depending on the O2/Ar ratio as well as

substrate bias.

[067] TableI illustrates some example depositions ofLiCoO according to the

presentinvention. XRD (x-Ray Diffraction) results taken on the resulting thin films illustrate

that films deposited according to the present invention are crystalline films,often with highly

textured grain sizes as large as about 150 nm. The dominant crystal orientation appears to be

sensitive to the O/Ar ratio. For certain O2/Ar ratios (~10%), as-deposited films exhibit a

preferred orientation in the <101> direction or the <003> direction with poorly developed

<003> planes.
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[068] Figures 4A and 4Billustrate an XRD Analysis and SEM cross section,

respectively, of the LiCoQ, film deposited as Example 15 in Table I. Such a LiCoO, film

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

Ar and 20 sccm of O> for a substrate with an initial temperature ofabout 30°C. As shown in

the XRD analysis ofFigure 4A, a strong <101> peak is indicated showing a strong

orientation ofLiCoO, crystals in the desired <101> crystallographic direction. The SEM

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

<101> direction and the grain boundaries ofthe resulting LiCoO) crystals.

[069] Figures 5A through 5F show SEMcross sections offurther example

depositions ofLiCoO, crystals according to the present invention. In each ofthe examples,

deposition of the LiCoO, film was performed on a Si wafer with target power ofabout 2 kW

and frequency of about 250 kHz. The LiCoO, film shown in Figure 5A correspondsto the

example deposition Example 1 in Table I. In the deposition ofthe LiCoO, film shown in

Figure 5A, no bias power was utilized with an argon flow rate ofabout 80 sccm and an

oxygen flow rate ofabout 0 sccm. A deposition rate ofabout 1.45 jum/hr was achieved over

the full substrate area of400 X 500 mm. Further, as is indicated in the cross section shown in

Figure 5A, a <101> orientation ofthe LiCoOQ, was achieved.

[070] Therate ofdeposition ofthe LiCoO, layer shown in Figure 5Ais very high,

likely due to the relatively high conductivity or low resistivity ofthe ceramic LiCoO, oxide

sputter target. A target resistance of 10 kOhms was measured by means ofan Ohm meter

over a distance ofabout 4 cm onthe surface oftarget 12. This high rate allows the

manufacture ofthe 3 micron or thicker LiCoO, 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 ofabout 500 kQ over the samedistance 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 ofconventional target materials can be

unmeasurably high. A resistance of 100 kQ over about 4 cm ofsurface will result in high

sputter efficiency and high rate of deposition. Further, because depositionrates typically

scale nearly linearly with target power, a deposition at 6 kW will yield a deposition rate of

approximately 3 jm/hr, which is a very desirable rate ofdeposition for mamufacturability of

Li-based thin-film solid-state batteries on a surface area of400 X 500 mm’,

[071]|The LiCoO, 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 ofabout 72 sccm and an oxygen flow rate of about 8 sccm was utilized. The deposition

rate was significantly reduced to about 0.85 jm/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 LiCoO, film shown in Figure 5C was deposited according to Example 3

in Table L_ In this deposition, 100 W ofbias power is applied to the substrate. Further, an

argon flow rate of72 sccm, and an oxygen flowrate of 8 sccm was utilized. The deposition

rate was about 0.67 jzm/hr. Therefore, the application ofbias in comparison with the LiCoQ,

film shown in Figure 5B further reduced the deposition rate (from 0.85 jsm/hr of the example

shown in Figure 5B to 0.67 jzm/hr of the example shown in Figure 5C). Further, the desired

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

[073]|The LiCoO, film shown in Figure 5D corresponds to Example 4 in TableI.

In this deposition, the Ar/O» ratio was increased. As is shown in Figure 5D,increasing the

A1/O, ratio improves crystallinity. With respect to the exampleillustrated in Figure SC,the

deposition illustrated in Figure 5D was performed with an argon flow ofabout 76 sccm and

an oxygen flow of about 4 sccm as well as retaining the 100 W bias to the substrate. The
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LiCoO, deposition rate was improved to 0.79 jum/hr from a rate of 0.67 jum/hr illustrated in

Figure SC.

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

5 in Table I. The substrate temperature was set at about 200°C while the bias power

remained at about 100 W. The argon flow rate was set at about 76 sccm and the oxygen flow

rate was set at about 4 sccm. The resulting deposition rate for the LiCoO, layer was about

0.74 jxm/hr.

[075] In the example deposition illustrated in Figure 5F, which corresponds with

Example 6 ofTable I, the argon flow rate was set at about 74 sccm and the oxygen flow rate

was set at about 6 sccm, resulting in a LiCoO, deposition rate of about 0.67 pm/hr.

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

Figure 5E resulted in a lower deposition rate.

[076] Figure 5G illustrates XRD data corresponding to Figures SF, SD, 5C, SE, and

5B, respectively. As illustrated in Figure 5G, as-deposited crystalline LiCoO) is deposited in

these processes.

[077]|The data show clearly that an as-deposited crystalline film ofLiCoO, can be

obtained under several ofthe process conditions, as shown in TableII. In particular, very

high rates ofdeposition with low power are obtained along with the oriented crystalline

structure for the process conditions according to embodiments ofthe present invention.

[078] Figure 6A illustrates a layer ofLiCoO, 602 deposited on a thin substrate 601

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

be achieved utilizing crystalline LiCoO, cathode films 602 deposited on a thin substrate 601

that has thickness comparableto that ofthe battery stack itself, rather than a thickness many

or tens oftimes that ofthe battery stack. Such a film can lead to faster charging and

discharging rates. Substrate 601 can be formed ofa thin metallic sheet (¢.g., aluminum,
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titanium, stainless steel, or other suitable thin metallic sheet), can be formed ofa polymer or

plastic material, or may be formed ofa ceramic or glass material. As shown in Figure 6B,if

substrate 601 is an insulating material, a conducting layer 603 can be deposited between

substrate 601 and LiCoO, layer 602.

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

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

holding a thin film substrate. As shown in Figure 7A, reusable fixture 700 includes a top

portion 701 and a bottom portion 702 that snap together. Thin substrate 601 is positioned

between top portion 701 and bottom portion 702. As shown in Figure 7B,top portion 701

and bottom portion 702 are such that substrate 601 is broughtinto 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 sothat 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 maybeattached to fixture 700 and travel with fixture

700. Mask 712 can bepositioned at any desired height above substrate 601 in fixture 700.

Therefore, mask 712 can function as either a contact or proximity mask. In some

embodiments, mask 712 is formed of another thin substrate mounted in a fixture similar to

fixture 700.

[081] As shown in Figure 7C and 7D,fixture 700 and mask 712 can bepositioned

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

chuck ofa processing chamber such as that shown in Figures 1A and 1B. 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 andaligned with fixture 700 duringpositioning offixture 700 on mount 710, as

shown in Figure 7D.

[082] Utilizing fixture 700 as shown in Figures 7A, 7B, 7C, and 7D allows

processing ofa thin film substrate in a processing chamber. In some embodiments, thin film

substrates can be about 10 4m or more. Further, thin fitm 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 oflayers,

including one or more layers ofLiCoO, deposited according to embodiments ofthe present

invention.

(083] Figure 8 illustrates a cluster tool 800 for processing thin film substrates.

Cluster tool 800 can, for example, include load lock 802 and load lock 803, through which

mounted thin film substrate 601 is loaded and a resultant device is removed from cluster tool

800. Chambers 804, 805, 806, 807, and 808 are processing chambers for depositions of

materials, heat treatments, etching, or other processes. One or more of chambers 804, 805,

806, 807, and 808 can be a pulsed-DC PVD chamber such as that discussed above with

tespect to Figures 1A and 1B and within which a LiCoO, film deposited according to

embodiments ofthe 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 ofa 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 LiCoO, deposition performed in chamber 805. The substrate is then removed through

load lock 803 for an in-air heat treatment external to cluster tool 800. The treated wafer is

then reloaded into cluster tool 800 through load lock 802. A LiPON layer can be deposited in

chamber 806. The wafer is then again removed from cluster tool 800 for deposition ofthe

lithium anode layer, or sometimes chamber 807 can be adapted to deposition ofthe 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 byrobotics 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 maystill include deposition ofa conducting layer. Chamber

805 then includes deposition of a LiCoO, layer according to embodiments ofthe present

invention. A LiPONlayer can then be deposited in chamber 806. Chamber 807 maystill be

adapted to deposition ofa lithium rich material such as lithium metal and chamber 808 can be

utilized for deposition ofthe conducting layer of the current collector. In this process, no

heat treatment is utilized to crystallize the LiCoO, layer. |

[087] Another advantage ofa thin film battery processis the ability to stack battery

structures. In other words, substrates loaded into cluster tool 800 may traverse process

chambers 804, 805, 806, 807, and 808 multiple times in order to produce multiply stacked

battery structures. Figures 9A and 9Billustrate such battery structures.

[088] Figure 9A illustrates a parallel coupled stacking. As shown in Figure 9A, a

substrate 601, which for example can beaplastic substrate, is loaded into load lock 803. A

conducting layer 603, for example about 2 jm 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 LiCoO, layer 602 is then deposited on conducting layer 603.

LiCoQ, layer 602 can be about 3-10 jum 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

LiPONlayer 901 ofthickness ofabout .5 to about 2 ym can be deposited. In chamber 807,

an anode leyer 902, for example a lithium metal layer ofup to about 10 jum, 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, LiCoO2 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 lithium layer 902.

Another LiCoO2 layer 602 is formed over LiPON layer 901 and finally another metal layer

603 is formed over LiCoO2 layer 602. In some embodiments, further stackings can be

formed. In some embodiments, metal layers 603 and 903 differ in the mask utilized in

deposition so that tabs are formed for electrical coupling oflayers.

[089] As discussed above, any number ofindividual battery stacks can be formed

such that parallel battery formations are formed. Such a parallel arrangment ofbattery

stacking structure can be indicated as Current collector/LiCoO2/LiPON/Anode/current

collector/Anode/LiPON/LiCoO2/current collector/LiCoO2 .. . /current collector. Figure 9B

illustrates an alternative stacking corresponding to the battery structure current

collector/LiCoO2/LiPON/anode/current collector/LiCoO2/LiPON/anode/current collector . . .

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

becausethe individual battery stacks share anodes.

[090] To form the structures shown in Figures 9A and 9B, substrates are rotated

again through the chambers ofcluster tool 800 in order to deposit the multiple sets of

batteries, In general, a stack ofany number ofbatteries can be deposited in this fashion.
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[091] Insome embodiments, stoichiometric LiCoO, can be deposited on iridium.

Figures 10A through 10Dillustrate an anneal procedure for Li-Co deposition over an iridium

layer that has been deposited on a Si wafer. The LiCoO, deposition was accomplished as

discussed above with a target power of2 kW, no bias power,reverse time of 1.6 1s, a pulsing

‘frequency of300 kHz, with 60 sccm Ar flow and 20 sccm of O» flow, with no pre-heat for

7200 sec. As a result, a layer ofLiCoQ, of about 1.51 jsm was deposited.

[092] Figures 10A through 10D show XRD analysis ofboth as-deposited and

annealed layers ofLiCoO, deposited as discussed above. The XRD analysis ofthe as-

deposited layer demonstrates a shallow peak at 26 = 18.85° denoting a <003> orientation of

crystalline LiCoOy, a sharper peak at about 26 = 38.07° corresponding with the desired

<101> crystallographic direction, and a peak at 20 = 40.57° corresponding to the <1 11>

direction ofiridium. However, the position of the <101> LiCoO, peak indicates that the

<101> LiCoQ, peak is nonstoichiometric LiCoO,. In order to be useful as a battery layer,

stoichiometric LiCoO, provides for the best Li transport. Oneofordinary skill in the art will

notice that careful adjustment ofdeposition parameters can provide stoichiometric LiCoO» of

desired orientation.

[093] Figure 10B shows an XRD analysis of the sample shown in figure 10A after

a 300°C anneal in air for 2 hours. As shown in Figure 10B, the XRD peak correspondingto

<003> LiCoO; grows,indicating crystallization of LiCoO, into the <003> direction. Further,

the <101> peak ofLiCoO, shifts slightly to 28 = 38.53°, indicating a more stoichiometric

crystallization ofthe <101> LiCoO,. However, the crystalline LiCoO, isstill not

stoichiometric after this anneal. One ofordinary skill in the art will notice that longer anneals

and/or further adjustment ofthe deposited stoichiometry mayresult in usefully oriented

stoichiometric LiCoO, layers with anneal temperatures at 300 °C or less. Consequently, low

temperature materials such as polymers, glass, or metal may beutilized as the substrate.
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[094] Figure 10C illustrates an XRD analysis from the sample after a subsequent

500°C anneal in air for 2 hours. ‘Asshown in Figure 10C, more ofthe LiCoO, crystalizes

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

crystallization ofa <012> layer ofLiCoO,. In this case, the <012> LiCoO;cyrstal is

stoichiometric and therefore allows for efficient Li transport. Oneofordinary skill in the art

will notice that longer anneals and/or further adjustment ofthe deposited stoichiometry may

result in usefully oriented stoichiometric LiCoO2 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 10D illustrates an XRD analsysis of the sample after a subsequent

anneal of700°Cin air for 2 hours. As shown in Figure 10D, the <003> LiCoO) peak

disappears, but the <012> LiCoO, peak remains relatively the sameas that shown in the 500°

anneal illustrated in Figure 10C.

[096] Figures 10A through 10D demonstrate deposition of<101> LiCoQ, at low

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

the stoichiometry ofthe <101> LiCoO, layer, but anneals to 700 °C do not appear to be

necessary. With anneal temperatures less than 500°C, depositions of a LiCoO> 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 anneals mayalso result in desired

orientations of stoichiometric crystalline LiCoO>.

[097] Figures 11A through 11D illustrate formation ofa single-layer battery

according to some embodiments ofthe present invention. As shown in Figure 11A,alift-off

layer 1102 can be deposited on a substrate 1101. Further, an iridium layer 1103 can be
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deposited over lift-off layer 1102. In some embodiments, substrate 1101 can be plastic, glass,

Al foil, Si wafer, or any other material. Lift-off layer 1102 can be anylift offlayer and can

be a polymer layer such as polyimide, an inorganic layer such as CaF2 or carbon, or an

adhesivelayer that loses its adhesion as a result of, for example, oxidation, heat, or light.

Lift-offlayers are well known. Iridium layer 1103 can be from about 500 A or more.

[098] As shown in Figure 11B, a LiCoO, 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 ofthe battery may be deposited before an anneal step is

performed. In some embodiments,a stoichiometric LiCoO, layer ofa useful crystalline

orientation may result in the as-deposited LiCoO, with no further anneals necessary.

[099] Figure 11C illustrates deposition ofa LiPON layer 1105 over the LiCoO,

layer, deposition ofa Li layer 1106 over LiPON layer 1105, and deposition ofan electrode

layer 1107 over Li layer 1106. In some embodiments, an anneal step ofup to 500°C as

discussed above may be performed here.

[0100] As shown in Figure 11D,the resulting single-layer battery formed from

iridium layer 1103, LiCoO, layer 1104, LiPON layer 1105, Li layer 1106, and electrode layer

1107 can be “lifted off’ from substrate 1101. Such a single-layer battery can be a free-

standing battery ofthickness about 5 jum or greater. Such a battery, without the requirement

ofa substrate 1101, is well known to have the potential of energy storage ofgreater than

about 1 kW-hr/liter.

[0101] As an alternative toalift-offprocess as described in Figures 11A through

11D,a substrate may be removed during anneal leaving a single-layer battery. Further, in

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

Further, single-layer batteries may be combined or stacked in any fashion to provide a device

ofgreater energy storage at a particular voltage.
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[0102] Figures 12A through 12Lillustrate the crystallinity of as-grown and post

anneal LiCoO, layers according to samples 31 and 32illustrated in Table I. Samples 31 and

32 were formed in the same deposition, utilizing a silicon substrate and an alumina substrate,

respectively.

[0103] Figure 12A illustrates an XRD analysis ofthe as-deposited LiCoO, film on

Al,O; substrate (Example 32 in Table J). A broad <003> crystalline LiCoO, peak is

observed. The remaining peaks in the analysis, which are not labeled in Figure 124A, result

from the Al,O; substrate. The <003> peak is characteristic ofthe layered structure in the as-

deposited crystalline LiCoO, film according to embodiments ofthe present invention.

[0104] Figure 12B illustrates the crystallinity ofthe LiCoO2 film shown in Figure

12A after a 2 br 700 °C anneal. As shown in Figure 12B, the <003> peak becomes sharper

and higher, indicating better crystallinity. As shown in Figures 12G through 12J, 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 photosofthe granularity of‘the as-

deposited film corresponding to Example 32 in Figure I. Figures 12G through 12J show

SEM photosofthe granularity ofthe annealed film, as illustrated in Figure 12B. A

comparison ofFigures 12C through 12F with 12G through 12J illustrate the increased

granularity resulting from the anneal process.

[0106] Figure 12K illustrates a fracture cross-section SEM that illustrates the

morphology ofthe as-deposited crystalline film corresponding to Example 31 in Table L

Figure 121illustrate 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 13)illustrate rapid thermal anneal processes applied to

a LiCoO, layer as in Example 49 ofTable I. In that example, LiCoO) is deposited on

alumina with a 2 kW pulsed DC power with no bias. Argon flow as set to 60 sccm and

oxygen flow was set to 20 sccm. The deposition parameters are nearly identical with those of

Example 32 in TableI, therefore XRD data for the as-deposited films are shown in Figure

12A. Figure 13A shows XRD data after a 15 minute 700 °C anneal in an argon atmosphere.

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

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

anneal (RTA) oven and cooled in air to room temperature. As shown in Figure 13A,

substantial crystallinity is obtained. Figure 13B shows XRD data after a RTA as described

with Figure 13A in an argon/oxygen atmosphere. The argon/oxygen ratio was 3:1.

[0108] As shown in a comparisonofFigures 13A and 13B, morecrystallinity is

observed in an argon only RTA than with a RTA performed in the presence ofoxygen. This

is further illustrated in a comparison ofFigures 13C and 13D with Figures 13E and 13F.

Figures 13C and 13D show the granularity ofthe LiCoO, film after the RTAillustrated in

Figure 13A. Figures 13E and 13F show the granularity ofthe LiCoO, film after the RTA

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

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

differ in magnification).

[0109] Figures 14A through 14D illustrate several anneal processes with the

Example 37 ofTable I. In that example, LiCoO2 was deposited on alumina utilizing a

pulsed-dce process with 2kW ofpower and 100 W ofbias with an argon flow of 60 sccm and

an oxygen flow of20 sccm.

[0110] Figure 14A shows an SEM photoofan as-deposited LiCoO, film according

to the process illustrated in Example 37 ofTable I. Figure 14B shows an SEM photo of
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LiCoO, film accordingto the processillustrated in Example 37 ofTable I, annealed

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

LiCoO, film accordingto the processillustrated in Example 37 ofTableI, annealed in an

RTAprocess at 700 °C. The ramp-up and ramp-down times in the RTA process is illustrated

above. Figure 14C shows an SEM photo ofa LiCoO> film after an RTA process at 700 °C

for five minutes whereas Figure 14D shows an SEM photo of a LiCoO> film after an RTA

process at 700 °C for fifteen minutes. It is clear from a comparison ofFigures 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] Figures 15A and 15B show SEM photos of a LiCoQ film that was annealed

in an RTA process utilizing two different ramp-up times, illustrating the effects ofthe ramp

time in the RTA process. A LiCoO> film was deposited on an aluminasubstrate according to

the process described as Example 51 in Table I. 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

Figure 15B was annealed with a 240 sec ramp-up time. Both films were held at 700 °C for

five minutes. As shown in a comparison between Figures 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 discharge profiles ofa battery

structure formed utilizing LiCoO; films according to embodiments of the present invention.

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

in Table L The LiCoO, film was deposited on an alumina substrate with a gold current

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

described above. A 1.5 pm LiPON layer was then deposited with a standard RF deposition

process without bias in a modified AKTreactor. 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 ofstoring an exceptional 25 mA/cm?”

at voltages greater than 2.0 V.

[0113] . Oneskilled in the art will recognize variations and modifications ofthe

examples specifically discussed in this disclosure. These variations and modifications are

intended to be within the scope andspirit of this disclosure. As such, the scope is limited

only by the following claims.
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WHAT IS CLAIMEDJS:

1. Amethod ofdepositing a LiCoO2 layer, comprising:

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 formed ofLiCoO, positioned opposite the

substrate,

wherein a crystalline layer ofLiCoO. is deposited over the substrate.

2. The method ofclaim 1, further including applying an RF bias to the substrate.

3. The method ofclaim 1, wherein the crystalline layer is <101> oriented.

4, The method ofclaim 1, wherein the crystalline layer is <003> oriented.

5. The method ofclaim 1, wherein a grain size ofthe crystalline layer is between

about 750 A and about 1700 A.

6. The method ofclaim 1 wherein the substrate is a material chosen from a set

comprised of silicon, polymers, glasses, ceramics, and metals.

7. The method of claim 1, further including preheating the substrate to a temperature

ofabout 200 °C.

8. The method ofclaim 1, wherein the substrate is a low temperature substrate.

9. The method of claim 8, wherein the low temperature substrate is one ofa set of

substrates including glass,plastic, and metal foil.

10. The methodofclaim 1, further including depositing an oxide layer on the

substrate.

11. The method ofclaim 10, wherein the oxide layer is a silicon’ dioxide layer.

12. The method ofclaim 3, wherein the crystalline layer is deposited at a rate of

greater than 1 jum per hour.
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13. The method ofclaim 1 wherein the target is a ceramic LiCoQ, sputter target with a

resistance measured across about 4 cm ofsurface ofless than about 500 kQ.

14. The method ofclaim 1, further including depositing a metal layer on the

substrate.

15. The method ofclaim 14, wherein the metal layer is iridium.

16. The method ofclaim 14, wherein the metal layer is platinum.

17. The methodofclaim 1, further including annealing the crystalline layer with a

low thermal budget.

18. The method ofclaim 17, wherein annealing the crystalline layer includes

annealing to 700°C in a rapid thermal anneal process for a period oftimeless than

about 10 minutes.

en 19. The method of claim 14, further including annealing the LiCoO, layer at a

temperature ofless than or equal to about 500°C.

20. The method ofclaim 14, further including annealing the LiCoO, layer at a

temperature ofless than or equal to about 400°C.

21. A battery structure, comprising:

a crystalline LiCoO, layer deposited over a low-temperature substrate.

22. The structure ofclaim 21, further including a conducting layer deposited between

the crystalline LiCoO, layer and the low-temperature substrate.

23. The structure ofclaim 22, wherein the conducting layer is an iridium layer.

24. The structure ofclaim 22, wherein the conducting layer is a platinum layer.

25. The structure ofclaim 21, further including aLiPON layer deposited over the

LiCoO, layer. |

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

over the LiCoO, layer.
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27. A stacked battery structure, comprising:

oneor more battery stacks deposited on a thin substrate, wherein each battery

stack comprises:

a conducting layer,

a LiCoO, layer deposited as a crystalline layer over the conductinglayer,

a LiPONlayer deposited over the crystalline LiCoO> layer,

an anodelayer deposited over the LiPON layer; and

a top conducting layer deposited over the one or more battery stacks.

28. The stacked battery structure ofclaim 27, wherein the battery stacks form a

parallel stacked battery structure.

29. The stacked battery structure of claim 27, wherein the battery stacks form a series

stacked battery structure.

30. The stacked battery structure ofclaim 27, wherein the conductinglayer is a metal

layer deposited on a substrate.

31. The stacked battery structure ofclaim 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 ofclaim 30, wherein the substrate is a low

temperature substrate.

34, The stacked battery structure ofclaim 27, wherein the conducting layer is a

metallic foil.

35. The stacked battery structure ofclaim 34, wherein the metallic foil is formed ofa

metal from a group consisting ofcopper, gold, platinum, aluminum, stainless steel and other

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

loading a substrate into a cluster tool;

depositing a crystalline LiCoO, layer over a conducting layer in a chamber of

the cluster tool with a pulsed-de PVD process.

37. The method ofclaim 36, wherein depositing a crystalline LiCoO, layer includes

depositing crystalline LiCoO, through a mask.

38. The methodofclaim 36,further including

depositing a conducting layer on the substrate.

39. The method ofclaim 36, further including depositing a LiPON layer over the

LiCoO, layer.

40. The method ofclaim 39, farther including deposition an anode over the LiPON

layer.

41. The methodofclaim 40,further including depositing a conducting layer over the

anode.

42. The method ofclaim 36, wherein the conducting layer is an iridium layer.

43. A fixture for holding a thin substrate, comprising:

atop portion; and

a bottom portion, wherein

the thin substrate is held when the top portionis attached to the bottom

portion.
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Application No. Applicant(s)

10/954, 182 ZHANG ET AL.

Office Action Summary Examiner Art Unit
Michelle Estrada 2823 po

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondenceaddress --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHSfrom the mailing date of this communication.

- {fNO periodfor reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom 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). :

Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s)filed on 09 August 2006.
2a)_] This action is FINAL. 2b) This action is non-final.
3)LJ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
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8)L] Claim(s) are subject to restriction and/or election requirement.
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PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20061030
Ex. 1004, Page 795

 



Ex. 1004, Page 796

Application/Control Number: 10/954,182 Page 2
Art Unit: 2823

DETAILED ACTION

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 ofthistitle, 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 mannerin 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 powerto 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 oxidefilm 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 thefilter is going to work at certain frequencies.

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

modeorin 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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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 magneticfield 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 magnetin one direction across the target where the

magnet extends beyondthe 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 Chenetal. (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 No or

NHs.

The combination of Smolanoff et al. and D’Coutoet al. does not disclose wherein

the target is a metallic target.

Re claims 41 and 42, Chen etal. 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 etal.

because oneofordinary 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.

Re claim 46, Chenetal. disclose further including holding the temperature of the

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

Re claim 48, Chen etal. disclose wherein the oxygen flow is adjusted by the |

massflow controllers; therebyit will adjust the index refraction of thefilm.
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Re claim 50, Chenetal. disclose wherein providing pulsed DC powerto a target

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

the substrate (Seefig. 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,andfurtherin 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 workat 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 eachtiled target is formed by

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

Re claim 87-89, using an specific type of filter is a matter of design choice

depending on the quality of product needed, andit is obvious that thefilter is going to

work at certain frequencies. Furthermore, the limitation “the filter is a narrow-band |
rejectionfilter rejects power at an RF frequencyincluding an RFbias to the substrate at

the RF frequency” is a structural limitation in a method claim, so no matter whatfilter is

used, as long as the sameresult 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 selection of bandwidth and frequency,its

obvious becauseit 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 processis 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 bandwidth and frequency or any unexpected results arising therefrom.

Where patentability is said to be based upon particular chosen bandwidth and
frequency or upon anothervariable recited in a claim, the Applicant must showthat the

chosen bandwidth and frequencyarecritical. 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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Conclusion

Any inquiry concerning this communication or earlier communications from the

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

1858. The examiner can normally be reached on MondaythroughFriday.

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 numberis 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

ichelle[hteGlade
Primary Examiner

Art Unit 2823

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

ME

October 30, 2006

Ex. 1004, Page 802



Ex. 1004, Page 803

 
  
 
 
 

 
  

IDS Form PTOISB/O8: Substitute for form 1449A/PTO Complete if Known ExeeS
Application Number 10/954,182f- y\

FilingDate|October1,2004f+}
FirstNamedInventor~~~|ZHANG,Hongmal{AU5-96Tm

STATEMENT BY APPLICANTVadonteK
(Use as many shoots as nocossan ESTRADA, Michalo Wy

—srettd~——S«dtS38_]Attorney Docket Number|9140.0016-01 Sap_

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

: 2 Publication Date Applicant ofCited Document Relevant Passages or RelevantNumber-Kind Code’ (ifbrown) MM-DD-YYYY Sa Figures Appear :
4

rT

 INFORMATION DISCLOSURE

  
  

 

   

  

 
  

 
_fus705.59

US 5,512,147 04/30/1996 Bates et al

US 5,569,520 10/29/1996

Pp
{oo
pO
po
po
po
pO

US5,597,660 Bates etal. PO
US 5,612,152 fosneis97 [Bae ss
US 5,645,626 jonognee7 [edundera|
US 5,702,829 jizsonee7[Paidassietal,|
US6,045,626 joaioa2000|Yanoetal|
US6,168,884 BI jouvoz2001|Neudeckeretal.|
US 6,236,793 BI josoz2001[Lawrenceetal.|

. pO
| Pp
fo
Pp
po
pO
pO

pO
Pp
pO
Pp
Pp

¢n a od anwa tod8 z365

818

US 686.327 B2

US 2002/0115252 Al

US 2003/0035906 Al

US 2003/0178637 Al

Tv
ter

Q ,_f f
swrome CAVIULPatdheBecores|012010

EXAMINER:Initial if reference considered, whetheror not citation is in conformance with MPEP 609. Drawling through
citation if not in conformance and not considered. Include copyof this form with next communication to applicant.

Express Mail Label No.
EV 901562545 US

can a oo — oo w aA a w —

cicAin NTN
°

31s27ss|sara|wa aATN AIn TOA >|> ——    
 
  

oo

Ex. 1004, Page 803



Ex. 1004, Page 804

 

 
 
 

 
  

 
   

  

IDS Form PTO/SB/08: Substitute for form 1449A/PTO Complete if Known

Application Number 10/954,182
Filing Date October 1, 2004
First Named Inventor ZHANG,Hongmei

 INFORMATION DISCLOSURE
STATEMENTBY APPLICANT

(Uso as many shoots es necessary) ESTRADA, Michelle

[—shet2+.of|]3|Attorney Docket Number|9140.001601

A U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS
CANJusacasowssssat[oszsnocs[Pmt]SSSC~*
rT_[o[usaonsoosease.ar[onnisno0s[ziangerat———Ssd[SSSC—~S
TFsaonsroosras3ar[asnien006[znangere.————sd[SSSC—~S
TT[fusacnsioosra0ea1[annieno0s [Ztangers. Sd SSCS

Td

 
  

 

  
 

 

 

 
  |Wol| US 2006/0071592 Al 04/06/2006
[TFA|us 2006/0134522 A1 06/22/2006|Zhang etal.

Publication Date

Foreign Patent Document MM-DD-YYYY

Country Code® Number* Kind Code’ (fAnon)fi 2

EP | 092 689 Al 04/18/2001 |BPS Alzenau GmbH[ferventi=ae J
[frrsarosan——fosomoss[Eee||

CL|rranaten____Janranoes|uwactapmtia|
IZq|wosersterear|2/02n999[UniversiteeGent|
ny -

 

 
  

 
  
 
 
 

 

  
 
 

 
 

Name of Patentee or
Applicant ofCited Document

Pages, Columns, Lines,
Where Relevant Passages or

Relevant Figures Appear

 

   
q

WO 2006/063308 A2 06/15/2006 |Symmorphix,Inc.

NON PATENT LITERATURE DOCUMENTS

Include nameofthe author (in CAPITAL LETTERS),title ofthe 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.

ASM Handbook, Formerly Ninth Edition, Metals Handbook, Volume 15, Casting, Davisetal.
(Eds.), ASM International, pp. 372-373, 376-383, and 410-411 (1988).
COCORULLO,G.etal., “Amorphous silicon waveguides and light modulators for integrat

 

 
 

 
 

 
 
 

  
 
 

 
 

 
 
 

Examiner}Cite
Initials* No.!

el  
  ed

photonics realized by low-temperature plasma-enhanced chemical-vapor deposition,” Optics
Lett. 21(24):2002-2004 (1996).
KELLY,P.J.et al., “A novel technique for the deposition ofaluminum-doped zinc oxide
films,” Thin SolidFilms 426(1-2):111-116 (2003).

TOMASZEWSKI,H.etal., ““Yttria-stabilized zirconia thin films grown byreactiver.f.
magnetron sputtering,” Thin Solid Films 287:104-109 (1996). .

  
 
 

 

  
 

  
 
 

QD, 2 apf) 4 4 |
SemeeICVdeters|OISDIDUy
EXAMINER:Initial if reference considered, whetheror notcitation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copyof this form with next communication to applicant.

Express Mail Label No.
EV 901562545 US ,

Ex. 1004, Page 804



Ex. 1004, Page 805

 

  
 
 

  
  

 

IDS Form PTO/SB/O8: Substitute for form 1449A/PTO Complete ifKnown

Examiner Name

[3_—[AtiomeyDocketNumber]9140001601Sd

. NON PATENT LITERATURE DOCUMENTS

NG|_| Response to Final Office Actionfiled April 14, 2006, in U.S. Appl. No. 10/291,179 (Atty.VI

 

 
 

 

 INFORMATION DISCLOSURE
STATEMENTBY APPLICANT

(Use as many sheets as necessary)
 

 

 

  

  
Docket No. 9140.0001-00).

Office Action mailed April 27, 2006, in U.S. Appl. No. 10/291,179 (Atty. Docket No.
9140.0001-00).

Response to Office Action filed July 27, 2006,in U.S. Appl. No. 10/291,179 (Atty. Docket No.
9140.0001-00).

Notice ofAllowance mailed August 6, 2002, for US Patent No. 6,506,289 (Atty. Docket No.
09140.0002-01). ‘.

Response to Office Action filed-February 28, 2006 in U.S. Application No. 09/903,081 (Atty.
Docket No. 09140-0014-00). ™~,
Final Office Action mailed May8, 2006 in U.S. Application No. 09/903,081 (Atty. Docket No.
09140-0014-00). —_

PfFinal 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).

PPfp|Response to Office Actionfiled on May 15, 2006,in U.S. Application No. 10/101,341 (Atty.

 
 
 

 
 

 
 

 

 
 
 
 
 
 
 
 

 
 

 
 
  

Docket No. 09140-0017-00).

aa Office Action issued on August2, 2006, in U.S. Application No. 10/101,341 (Atty. Docket No.09140-0017-00).

Pt||Office Action issued on March 23, 2006, in U.S. Application No. 10/650,461 (Atty. DocketNo. 09140-0025-00).

Responseto Office Action filed on July 24, 2006, in U.S. Application No. 10/650,461 (Atty.
Docket No. 09140-0025-00).

Responseto 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. 10/789,953 (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. 10/851,542 (Atty./ Docket No. 09140.0033-00).
.|A 4g Specification as filed September2, 2005, for U.S. Appl. No. 11/218,652 (Atty. Docket No.i]A L 09140.0052-00)>
i

EXAMINER:Initial if referencé-considered, whetherornotcitation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copyof this form with next communication to applicant.

Express Mail Label No.
EV 901562545 US

 

Ex. 1004, Page 805



Ex. 1004, Page 806

je2 &- 26 ied,
¢ ‘ .

2)

PATENT

Customer No. 22,852

Attorney Docket No. 9140.0016-01

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof:

ZHANG,Hongmeietal. Group Art Unit: 2823

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)

Application No.: 10/954,182 _ ) Examiner: ESTRADA,Michelle
)
)
)
)

SPUTTERING OF OXIDE FILMS )2

MAIL STOP AMENDMENT

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

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 Claimsare reflected in the listing of claims that begins on page 2 of

this paper.

Remarks/Arguments follow the amendmentsections on page 6 of this paper.
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AMENDMENTSTO THE CLAIMS:

Thislisting of claimswill replaceall prior versions andlistings of claimsin the

application:

Claims 1-40 (Canceled).

Claim 41 (Currently amended): The method of claims $9,-60; 61or 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, 61or 85, wherein the
target is a metallic target and the process gas includes one or moreofa set consisting ofN2, NH3,

CO, NO, CO, halide containing gasses.
~ = ae

Claim 43 (Currently amended): A-methed-ofdepesiting-2film-on-asubstrate,

 
whereit-a-materialis-depesited-onthe-substrate; The method of claims 61 or 85

wherein the target is a ceramic target.

Claim 45 (Currently amended): The methodof claims 43-59;-69,; 61or 85, wherein the

magnetic field is provided by a moving magnetron.

Claim 46 (Currently amended) The method of claims 43,-59,-69; 61or 85, further

including holding the temperature of the substrate substantially constant.

Claim 47 (Currently amended): The methodof claims 43,-39,-69; 61 or 85, wherein the

process gas includes a mixture of Oxygen and Argon.

Claim 48 (Currently amended): The methodofclaims 43,-59,-60; 61 or 85, wherein the

-2-
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Oxygen flow is adjusted to adjust the index ofrefraction ofthe film.

Claim 49 (Currently amended): The methodof claims 43,59,-69, 61 or 85, wherein the

process gas further includes nitrogen.

Claim 50 (Currently amended): The method of claims 43,59,-69; 61or 85, wherein

providing pulsed DC powertoa target includes providing pulsed DC powerto a target which has

an area larger than that of the substrate.

Claim 51 (Currently amended): The methodofclaims 43;59;-69; 61 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 acrossthe target

where the magnet extends beyond thetarget in the opposite direction.

Claim 53 (Currently amended): The method of claims 43;-59,-69, 61or 85, wherein the

target is an alloyed target.

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

includes one or morerare-earth ions.

Claim 55 (Previously presented): The method of claim 53 whereinthe 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 eachtile ofthe tiled

target is formed byprealloy 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 metallic conductive target and a substrate;

providing pulsed DC powerto thetarget;
providing a magnetic field to the target; and

reconditioning a-metaHic the target;

wherein a material is deposited on the substrate.

Claim 62 (Currently amended): The method of claim 61, wherein reconditioning the

metalic target includes:

reactive sputtering in the metallic mode andthen 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 betweena target and a substrate;

providing pulsed DC powerto thetarget;

providing a magneticfield to the target; and

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

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 accordingto claims 43;59,66;61,62,or 85,

whereitthe further including a narrow band-rejectionfilter thatrejects power at an RF

frequency, and further including

providing an RFbiasto 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 pendingin 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 amendedto

replace “metallic” with “conductive” and thereforeis still allowable. Claims 41-43, 45-51, 53,

and 87 have been amendedto depend from allowed claims 61 or 85 andare therefore allowable

for at least the same reasonsas is claim 61 and 85. Applicants reserve the right to pursue claims

59-60 and claims depending from themin a separate application.!

Claim Rejections under 35 U.S.C.§103

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

The Examinerrejected 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 (“Smolonoffet al.”) in view of U.S. Patent

No. 6,673,716 (“D’Coutoet 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 reasonsas is claims 61 and 85.

' The Examiner has made manyassertions characterizing both the claims andthe priorart.
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.
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Claims 41, 42, 46, 48, and 50

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

unpatentable over Smolonoff etal. in view of D’Coutoetal. 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 reasonsas is claims 61 and 85.

Claims 43, 53-58, and 87-89 

The Examinerhas rejected claims 43, 53-58, and 87-89 under 35 U.S.C. § 103(a) as

being unpatentable over Smolonoffet al. in view of D’Couto etal. 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 (“Milonopoulouet al.”).

The Examineris reminded that Milonopoulouisnotpriorart to this application.

Milonopoulou wasfiled on the same day by manyofthe same inventors as the present

application and is assigned to the sameentity 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 reasonsas is claims 61 and 85.

Allowable Subject Matter

The Examinerhasindicated that claims 61, 62, and 85 are allowed.
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Conclusion

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

reconsideration and reexamination ofthis 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.

Respectfully submitted,

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

_ Ne. $6,170Af
Date: December6, 2006

EXPRESS MAIL LABEL NO.

EV 746096154 US

Gary J. Edwards
Reg. No. 41,008

-8-
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PATENT

Customer No. 22,852

Attorney Docket No. 9140.0016-01

 
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of:

ZHANG,Hongmeietal. Group Art Unit: 2823

Application No.: 10/954,182 Examiner: ESTRADA,Michelle

Filed: October 1, 2004
. Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)
)
)
)

)
SPUTTERING OF OXIDE FILMS ___)

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

SIXTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER37 C.F.R.§ 1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicants bring to the attention of the

Examiner the documents on the attached listing. This Information Disclosure Statementis being

filed after the events recited in Section 1.97(b)but, to the undersigned's knowledge, before the

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

provisions of 37 C.F.R. § 1.97(c), the Commissioneris hereby authorized to charge the fee of

$180.00 to Deposit Account No. 06-0916 for this Information Disclosure Statement.

Copiesof the listed foreign and non-patentliterature 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 notrepresent that a search has been madeorthat no better art exists

and does not constitute an admissionthat each orall of the listed documents are material or

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

claimsin the application and Applicants determinethat the cited documents do not constitute

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

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

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

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

applied against the claims of the present application.

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

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

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

&, No. Sb, 170Jo
Gary J. Edwards
Reg. No. 41,008

Date: December6, 2006 By:

EXPRESS MAIL LABEL NO.

EV 746096154 US
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Alerting Abstract KR A
NOVELTY - A flywheelfor radiating and reinforcing is provided to prevent crack by absorbing
burst force with elastic force and radiatirig friction heat in operating the clutch because the flywheel
is divided into plural portions and manufactured with different materials.
DESCRIPTION- A flywheel(10) is composed of a support plate(10a) combined with a crankshaft
with pressing andfitting a ring gear(11); a cover plate(10b) fixed to the support plate and bentto
form the storage space; an insert plate(10c) fastened inside the cover plate; andafriction plate(10d)
contacted to the insert plate and inserted to the coverplate 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 andradiating friction heat from clamping load. 
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Optical recording medium anduse of such optical recording medium

The inventionrelates 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 Tp and being able to change between an amorphous anda crystalline state, sandwiched
betweena first and a seconddielectric layer, the first being adjacent to the substrate, a

crystallizationaccelerating layer being interposed in contact with the recording layer, and a

reflective layer.
The invention also relates to the use of such an optical recording medium.

An optical recording medium ofthe type mentioned in the opening paragraph

is known from Japanesepatent application JP-09161316 A. In the known medium thestate of

the recording layer locally changes from crystalline to amorphous when data are optically

recorded.

Optical data storage based on the phase changeprincipleis attractive, because

it combines thepossibilities of direct overwrite (DOW) and high storage density with easy

compatibility with read-only optical data storage systems. Phase-change optical recording

involves the formation of submicrometer-sized amorphous recording marks in a crystalline

film using a focusedrelatively high powerlaser-light beam. During recording information,

the medium is moved with respect to the focused laser-light beam that is modulated in

accordance with the informationto be recorded. Dueto this, quenching takes place in the

phase-change recording layer and causes the formation of amorphous informationbits in the

exposed areas of the recording layer that remains crystalline in the unexposed areas. Erasure
of written amorphous marksis realized by recrystallizing through heating with the same laser

at an intermediate powerlevel, without melting the recording layer. The amorphous marks

representthe data bits, which can beread, e.g. via the substrate, by a low-powerfocused

laser-light beam. Reflection differences of the amorphous marks with respect to the

crystalline recording layer bring abouta 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 ofthe most important demands in phase-change optical recordingis a

high data rate, which meansthat data can be written in and read from the medium with a rate

ofat 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

amorphous marks can be crystallized during direct overwrite, the recording layer should have
a propercrystallization 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, meaningrecrystallized, during DOW.

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 ofnew generation high density Digital Versatile DisctRW,
where RW refers to the rewritability of such discs, and Digital Video Recordingoptical
storage discs, where red and bluerefer to the used laser wavelength. For these new discs the
complete erasure time (CET) has to be at most 60 ns. CETis 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 userdata 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

DVR-blue,a user data rate higher than 50 Mbits/s is required.
The known medium ofthe phase-change type comprises a disc-shaped

substrate carrying a stack oflayers consisting, in succession, ofa first dielectric layer, a

SbyTe3 layer as crystallization accelerating layer, a Sb layer as a composition correcting layer,

a recording layer ofa phase-change Sb72Tes alloy, a seconddielectric layer and a metal

reflective layer. Such a stack of layers can be referred to as an INP’PIM structure, wherein M

represents a reflective or mirror layer, I represents a dielectric layer and P represents a phase-

change recording layer while P’ represents a composition correction layer which mixeswith

the recording layeratfirst recording. A crystallization accelerating layer N of Sb2Tes, has

been arranged betweenthefirst dielectric layer and the correction and the recording layer to

achieve a fast crystallization of the medium during erasing information in the medium by

means ofa laser-light beam. In the known recording medium the N layer has a melting point

of 618°C, only 68°C higherthan the melting point 550°C ofthe P layer. The melting point of _

the known N layeris relatively close to the melting point of the P layer causing the N layer to

dissolve in the correction and recording layer P’P after one orat best a few recording/erasure
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cycles, whereafter the crystallization accelerating layer N is no longer presentandits

crystallization-accelerating actionis lost.
For complete erasure ofan amorphous mark, two processes occur,i.¢.

~ nucleation and grain (crystallite) growth. An investigation of the known recording medium
has revealedthat the known crystallization-accelerating layer N is merely a nucleation-

promoting layer.

It is a disadvantage of the known medium thatits crystallization accelerating

layer only functions for at most a few recording anderasing cycles. This is not sufficient for

modern erasable media, which require a stable performanceforat least a thousand of

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, whichis suitable for high speed rewritable optical

recording, having a CET-value ofat most 60 ns.

It is another object of the invention to provide an optical recording medium of

the kind described in the opening paragraph, which is suitable for rewritable optical

recording, having a stable performance for at least 10° recording and erasing cycles.

This object is achieved in accordance with the invention by an optical
recording medium as described in the opening paragraph, whichis characterized in that the

crystallization accelerating layer

- comprises a material selected from the group consisting ofbinary metal alloys,
semiconductors elements and semiconductoralloys and

- has a melting point T,, at least 250°C higher than the melting point Tp of the

recording layer and

- has a crystal structure similar to the crystalline state of the recordinglayer.

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 ofthe recording layer are in contact with the G-layer. This accelerates the

crystallite growth process, leading to a higher crystallization speed. Especially because the

crystal structure of the G-layeris 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 recordinglayer.
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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 orthe reflection layer cannotrealize the desired thermal properties.
An advantage of the G-layer, comprising a material selected from the group

‘consisting ofbinary metal alloys, semiconductors and semiconductoralloys,is that it has a

high melting point. This counteracts dissolving of the G-layer in the recording layer and
maintenance of the crystalline structure for a large numberof recording and erasing cycles.

During recording, the maximum temperature in the recordinglayer is about 800°C, which is
about 1.4 times Tmp for a recording layer with a Tp of 550°C. This may be deduced from a

temperature calculation based on the presented laser energy during recording and the physical

properties of the stack. The melting temperature Tg of the G-layer has to be abovethis

maximum temperatureso that the G-layer remains in crystalline state when the recording

layer is melted.

Therefore, the melting temperature difference between recording layer and G-

layer should be 250°Corlarger, but preferably 300°C orlarger, taking into consideration a

safety margin.

Preferred materials, which may be used as G-layer, are PbTe, AgoTe, CrTe, Ge

and Si.

In an embodimentofthe recording medium the G-layer is arranged between

the recording layer and the seconddielectric layer. The thickness ofthe G-layer may be

chosen between 0.1 and 10 nm. The thermal conductivity ofthecrystallization-accelerating
layer is generally comparableto that of the recording layer, which is an alloy of metals.

Howeverthis only has a small effect on the thermal behaviour of the stack because the

thickness of the G-layeris generally relatively small compared to the other layers in the

stack. This facilitates the thermal design of the stack.

In another embodimentthe 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-layeris arranged on both sides of the recording layer. The second G-layer may be of a

material similar or identical to the materialofthe other G-layer. The crystallization timeis

reduced because nowacrystalline 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% ofeach 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 alonga series ofstations

having targets of different compositions. The dwell time at eachstation is about equal, and

the thicknessofthe layer deposited at a station is determined in part by switching the

deposition process on and off. Consequently, the deposition ofa relatively thin layer may

require less time than available at a station, whereas the deposition ofa relatively thick layer

may even require two adjacentstations having the sametarget.It is therefore advantageous to

chooseto replace a relatively thick layer and a relatively thin layer by two layers ofabout
equal thickness and composition, thereby reducing the numberofdeposition stations and the |
manufacturing timeofa stack.

In a specific embodimentthe recording layer comprises an alloy of Q,In, Sb

and Te, wherein Q is selected from the group consisting ofAg and Ge.

The preferred composition comprises Qa Inp SbTeg (in atomic percentages),

whereinQis selected from the group consisting ofAg and Ge; ,
2<as9

0<b<6

- 55<c< 80

16<d<30;a+b+c+d=100.

In another specific embodiment the recording layer comprises a compound of

Ge, Sb and Te. The preferred composition of this compoundis defined by the formula

GesoxSb4o-40xT&¢0-10x (in atomic percentages), wherein 0.166 < x < 0.444;

the recording layer having a thickness of 5 to 35 nm;

This composition exists on a part of the line connecting the compounds GeTe

and SbyTe; in the triangular Ge-Sb-Te composition diagram and includes the stoichiometric

compounds Ge2SbyTes (x = 4/9), GeSb2Teq (x = 2/7) and GeSb,Te; (x = 1/6). Especially .

these ternary stoichiometric compounds are preferred, because these materials crystallize

rapidly since no segregation is required during crystallization.
Thefirst and seconddielectric layers are preferably made of a mixture of ZnS

and SiOz, e.g. (ZnS)go(SiO2)20. The layers may alternatively be made of SiOz, TiO2, Ta20s,

ZnS, AIN and/or SisN4. The dielectric layer through whichthelaser light enters the stack
preferably has a thickness of 70 to (70+)/2n) nm whereinnis the refractive index ofthefirst

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 nm, the cyclability is reduced considerably. The cyclability is
measuredby the relative change of the optical contrast Mo after a large number of DOW-

_ cycles,e.g. 10°. The optical contrast Mp is defined as [Rc-Ral/Rc, where Rc and Raare the
reflections of the recording material in the crystalline and amorphous state respectively.

Another way to define cyclability is related to jitter increase ofthe medium.Jitter is a
measure ofthe distortion ofthe shape ofa recording mark, and is measuredas a timeshift of

rising and falling edgesin the information signal. Thejitter ofthe medium should be at a ows
constant level during at least 10° DOW-cycles.

As mentioned abovethetotal thickness ofthe first dielectric layer is preferably

smaller than (70+A/2n) nm.A largertotal thickness does not further increase the cyclability

and is more expensive to make.If for example the wavelength is equal to 630 nm andthe

refractive index is 1.5, the thickness range extends from 70 nm to.280 nm.

. The dielectric layer, whichis closest to the reflective layer, has a thickness of
10 to 40 nm.Preferably the thickness ofthe dielectric layer adjacentto the reflective layer is

larger than or equal to 15 nm. A smaller thicknessresults in an increased coolingrate ofthe

recording layer and, consequently, an undesirable increase in the write power. The thickness

is preferably smaller than 40 nm. A larger thickness decreases the thermal contact between
_ the recordinglayer andthereflective layer too much, resulting in too low a coolingrate ofthe

recording layer and a worse recording performance.

. Thereflective layer may comprise metals such as Al, Ti, Au, Ni, Cu, Ag and

Cr, and alloys of these metals. The reflective layer preferably has a thickness of 60 to 120
nm.

Both the reflective layers andthedielectric layers generally have been

provided by vapour deposition or sputtering.

Optionally an outermost layer may be present on the stack as a coverlayer that

protects the underlying layers from the environment. The cover layer is made of, for example,

an UV light-cured poly(meth)acrylate.

Anotherspecific embodimentis characterized in that the reflective layeris

present between the substrate andthefirst dielectric layer. Optionally a cover layer, that is
transparentforlaser-light and has a surface which allowsoptical 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. Thusin this embodimentthe optical recording medium is

written in and read out through the cover layer. This method is used in the new DVRdiscs

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 allowsthe use, in optical disc recorders, ofa 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 thicknessesofthe layers of the stack in order to optimize for optimal optical
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 ofat least 7.2 m/s, whichis six times the speed according to the Compact Disc

standard. The use ofan optical recording medium according to the invention is therefore

advantageous becausethe crystallization rate is fast enough to permit at least this recording

velocity. The important parameteris the CET (in ns), whichis defined above. The CETis
inversely proportional to the crystallizationrate.

The substrate of the information medium generally is transparentto the laser

wavelength, and is made, for example, ofpolycarbonate, polymethyl methacrylate (PMMA),

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 form of a synthetic resin flexible

tape, made e.g. from a polyester film. This flexible tape, with a stack of layers deposited

thereon,is called an optical tape and can besuited for use in an optical tape recorder, whichis

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 layeris,

preferably, provided with a servotrack that can be scannedoptically. This servotrack is often

constituted by a spiral-shaped groove and is formed in the substrate by means of a mould

during injection mouldingor pressing. This groove can bealternatively 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

groovehasapitch e.g. of 0.5 - 0.8 um and a width of about half the pitch.

High-density recording and erasing can be achieved by using a short-

wavelength laser, e.g. with a wavelength of 675 nm orshorter(red to blue).

The phase change recording layer as well as the G-layer can be applied by
vapour depositing or sputtering ofa suitable target. The recording layer thus depositedis

amorphous and exhibits a lowreflection. In order to constitute a suitable recording layer
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having a high reflection, this layer must first be completely crystallized, which is commonly

referred to as initialization. For this purpose, the recording layer can be heated in a furnace to

a temperature just above the crystallization temperature ofthe 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

temperature may cause damage,can alternatively be heated bya laser-light beam of sufficient

power. This can berealized, e.g. in a recorder, in which case a laser beam scans the moving

recording layer. The amorphouslayer is then locally heated to the temperature required for

crystallizing the layer, without the substrate being subjected to a disadvantageous heatload.

If desired, an additional, optically transparent, metal layer M’ can be

‘interposed in the stack, thereby forming a so called MIRIM’-structure, wherein R represents

a layer stack comprising a recording layer andat 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 Mp.

Embodiments of the optical recording medium ofthe invention will be _

described with reference to the drawings.

In the drawings:

Fig. 1 shows a schematic cross sectional view ofa first embodimentofthe

optical recording medium.

Fig. 2. shows a view as shown in FIG.1 of a second embodiment.

Fig. 3 showsa view as in FIG.2 of a third embodiment.

In Fig. 1 the optical recording medium 20 has a substrate 1 and a stack 2 of
layers provided thereon. The substrate 1 may be madeof, for example, a sheetofplastic, e.g.

polycarbonate, orglass. In Fig. 1 the stack 2 comprises a phase changerecordinglayer5,

having a melting point Timp and being able to change between an amorphousand a crystalline

state, that is sandwiched betweena 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 madeofthe material (ZnS)go(SiO2)20 and have a thickness of 125 nm
and 20 nm respectively. A crystallization accelerating layer 6, abbreviated as G-layer,is

interposed in contact with the recording layer 5, which comprisesan alloy ofQ,In, Sb and
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Te, wherein Q is selected from the group consisting ofAg and Ge.A reflective layer8 is

presentontop ofthe stack 2. Reflective layer 8 is a 100 nm layer ofAl or an aluminium

alloy, e.g. AlCr or AITi. The crystallization accelerating layer 6 comprises a binary metal

alloy or a semiconductor element or semiconductoralloy and has a melting point Tyne at least

250°C higher than the melting point Tmp of the recording layer 5. The crystal structure of

these materials is similar to the crystalline state of the recording layer 5. In this embodiment

the recording layer 5 is made of Geg2In32Sb7;,1Te19.¢, which has a thickness of 12 nm. The

embodiment shown has a cover layer 9 that may be madeofan organic material, e.g. a UV-

cured resin. A focused laser-light beam with a wavelength 4=405 nm enters the medium

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
pm, 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

obtained. Other preferred materials as G-layer are AgoTe, CrTe, Ge or Si. The melting points

Ting of bulk PbTe, AgzTe, CrTe, Ge and Si are 914, 960, 1292, 936 and 1414°C respectively.
The write powerfor the medium is relatively low and is 9 mW at the entrance face ofthe

medium ata relative speed between the radiation beamand the medium of 7.2 m/s. The Ra
and Rc are measured to be 4.3% and 23% respectively.

The cyclability is measured as the number of rewrite cycles wherethejitter

has increased to 12% ofthe clock time Tc. Thejitter is the standard deviation of the

difference betweentherising andfalling 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 codeat the CD speed of 1.2 m/s and clock time of230 ns, the jitter should

be lower than 28 ns. The number of overwrite cycles before deterioration of the medium |

becomesnoticeable, e.g. the jitter has increased to 12% of the clocktime,is larger than 10°.
Thejitter ofa pattern read from the medium as a function ofthe overwrite cycle does not

showa large overshoot.

During writing, the recording layer 5 of Ges2In32Sb71.1Te19.¢ is heated to a

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

temperature during recording is below the melting temperature of the G-layer 6 comprising

PbTe. The high melting temperature of the material used for the G-layer neighbouring the

recordinglayer 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

Sb:Te3, which has a melting point of 618°C,is thus heated above its melting temperature,

_ causing the atomsin the layer to become mobile. These atomsare then able to diffuse into the
recording layer. The properties of the recording layer are affected by the influx of foreign

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 recordinglayer 5 and the first
dielectric layer 3. Now G-layers4, 6 are present on both sides adjacentto the recording layer

5. The G-layer 6 is made ofPbTe andhas a thickness of 1.5 nm. The second G-layer4 is

substantially equal both in thickness and in composition to the G-layer 6. The recording layer

5 has a thickness of 10 nm.Furtherthe characteristics of the stack 2 are the sameas in Fig. 1.
The CETis measured to be 36 ns. The CETin this embodiment is smaller than in the

embodimentwith only one G-layer. The Ra and Rc 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 embodimentthe laser light 10 is entering the stack 2 through the
cover layer 9 which has a thickness of 100 pm. The cover layer 9 has a uniform thickness,

thereby improvingtheoptical read and write performance in underlying recording layers

whenthe read or write laser beam passes through said cover layer 9. For example a 100 pm
coverlayer 9 is used for the new 60 mm radius Digital Video Recording (DVR)disc. This
disc is recorded in and read out through this cover layer 9, which therefore has to be of good

optical quality. Preferably, the cover layer 9 is 100+/-3 jum thick upto radius 58.5 mm. The
coverlayer 9 is made from a UV-curedresin. Dielectric layer 3 and 7 have a thickness of20
nm and 125 nm respectively and are madeofthe samedielectric material as in Fig.1. G-layer

4, 6 are madeofthe same material as in Fig. 2 and both have a thickness of 1.5 nm.
Recordinglayer 5 has a thickness of 10 nm. For characteristics that are not specifically
mentioned reference is madeto the description ofFig. 1.

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 andis formedin the substrate by

means of a mould during injection mouldingorpressing. This groove can be alternatively
formedin 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 um and a width ofabout half the pitch.

In a modification of the recording medium ofFig. 3, the recording layer 5

. comprises an alloy of Ge, Sb and Te, e.g. GezSbzTes,
It should be notedthat the above-mentioned embodiments illustrate rather than

limit the invention, and that those skilled in the art will be able to design manyalternative

embodiments without departing from the scope of the appended claims.In the claims, any

reference signs placed between parentheses shall not be construedas limiting the claim. The

word "comprising" does not exclude the presence ofelements or steps otherthan thoselisted
in a claim. The word "a" or "an" preceding an element doesnot exclude the presence ofa

plurality of such elements. The mere fact that certain measures are recited in mutually

different dependent claims does notindicate that a combination of these measures cannot be
used to advantage.

Accordingto the invention an optical recording medium is provided, whichis

suitable for high speed recording, e.g. with a possible data rate higher than 50 Mbits/s, and
whichis suitable for direct overwrite for a least 10° 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

Tmp and being able to change between an amorphousanda crystallinestate, sandwiched
between a first (3) and a second(7) dielectric layer, the first (1) being adjacentto the
substrate (1), a crystallization accelerating layer (4, 6) being interposed in contact with the

recording layer(5), and a reflective layer (8), characterized in that the crystallization

accelerating layer(4, 6)

- comprises a material selected from the group consisting of binary metal alloys,

semiconductors elements and semiconductor alloys and

- has a melting point Ting at least 250°C higher than the melting point Tm» 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

the crystallization accelerating layer (4, 6) comprises a material selected from the group

consisting of PbTe, AgoTe, CrTe, Ge and Si.

3. An optical recording medium (20) as claimedin any of Claims 1 or2,

characterized in that the crystallization accelerating layer (6) is arranged between the

recording layer (5) and the seconddielectric layer (7).

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) andthefirst 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 ofAg and Ge

7. An optical recording medium (20) as claimed in Claim 1, characterized in that

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

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 ofan 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 m/s.
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, o ~ 25-07] rey
A

PATENT

Customer No. 22,852

Attorney Docket No. 9140.0016-01 
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Applicationof:

ZHANG,Hongmeietal. Group Art Unit: 2823

Application No.: 10/954,182 Examiner: ESTRADA,Michelle

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)
)
)
)
)
)

\ SPUTTERING OF OXIDE FILMS __)

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

\

SEVENTHSUPPLEMENTALINFORMATIONDISCLOSURESTATEMENT
UNDER 37 C.F.R. § 1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicantbringsto the attention of the

Examiner the documentsonthe attached listing. This Information Disclosure Statementis being

filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the

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

provisions of 37 C.F.R. § 1.97(c), the Commissioneris hereby authorized to charge the fee of

$180.00 to Deposit Account No. 06-0916forthis Information Disclosure Statement.

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

patents and patent publications are not enclosed.

Applicant respectfully requests that the Examiner considerthe listed documents and

indicate that they were considered by making appropriate notations on the attached form.

03/07/2007 DEMNANUL 00000038 060916 10954182
O1 FC:1806 180.00 DA
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This submission does not represent that a search has been madeorthat no betterart exists

and doesnot constitute an admissionthat eachorall of the listed documents are material or

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

claims in the application and Applicant determinesthat the cited documents do notconstitute

“prior art" under United States law, Applicantreservesthe right to presentto the office the

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

Applicant further reserves the right to takeappropriate 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 ofthe present application.

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

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,

GARRETT & DUNNER,L.L.P.

Date: March 1, 2007  
Reg. No. 41,008
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APlingDate]October,2008S

(Use 98 many sheetsas necessan)

[Sheet1[|of|2|AttorneyDocketNumber[9140001601SCS

 
  

 

  
  

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner|Cite Document Number Issue or Nameof Patentee or Pages, Columns, Lines, Where
Initials No." 5 2 Publication Date Applicant of Cited Document Relevant Passages or Relevant

P|[us6,154.582 11-28-2000 [Bazylenkoetal if
|_| [us-2006/0175287 Ai [08-11-2005 [Panetal CS

  
 

    

  

  

 
 
  

NON PATENTLITERATURE DOCUMENTS

Examiner|Cite Include nameofthe author(in CAPITAL LETTERS),title of the article (when appropriate),title of the item|Translation®
Initials No.' (book, magazine,journal, serial, symposium,catalog, etc.), date, page(s), volume-issue number(s),

publisher, city and/or country where published.

BELKIND,A.et al., "Pulsed-DC Reactive Sputtering of Dielectrics: Pulsing
ParameterEffects," 43rd Annual Technical Conference Proceedings-Denver:
86-90 (April 15-20, 2000).

SCHOLL, R., "Power Supplies for Pulsed Plasma Technologies: State-Of-The-
Art And Outlook," Advances Energy Industries, Inc., pages 1-8 (1999).

 

 

 
 

SCHOLL,R., "Power Systems for Reactive Sputtering of Insulating Films,"
Advances EnergyIndustries, Inc., pages 1-8 (August 2001).
Responseto Office Action and Terminal Disclaimer dated March 1, 2007,in
U.S. Application No. 10/291,179 (Attorney Docket No. 9140.0001-00).
Office Action dated December18, 2006, in U.S. Application No. 09/903,081
(Attorney Docket No. 9140.0014-00).

S| Responseto Office Action dated March 1, 2007, in U.S. Application No.11/100,856 (Attorney Docket No. 9140.0015-01).

P|Responseto Office Action dated February 6, 2007, in U.S. Application No.10/101 ,863 (Attorney Docket No. 9140.0016-00).
Supplemental Preliminary Amendmentdated February 6, 2007,in U.S.
Application No. 11/228,834 (Attorney Docket No. 9140.0016-02).

 
   

 
  

  
 

 

 Supplemental Preliminary Amendment dated February 6, 2007, in U.S.
Application No. 11/191,643 (Attorney Docket No. 9140.0016-04).
Notice of Allowance dated February 21, 2007, in U.S. Application No.
10/789,953 (Attorney Docket No. 9140.0030-00).
Responseto Office Action dated December21, 2006, in U.S. Application No.

 

  
 11/228,805 (Attorney Docket No. 9140.0030-01).
Responseto Office Action dated January 26, 2007,in U.S. Application No.

Examiner Date
Signature Considered

EXAMINER:Initial if reference considered, whetherornotcitation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copyof this form with next communication to applicant.

[ EXPRESSMAIL LABEL NO. |   
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STATEMENT BY APPLICANT

(Use es many sheets as necessary)

[sheet__[2[|of|2|AttorneyDocketNumber|9140.0016-01_SS

  
  
 NON PATENTLITERATURE DOCUMENTS

|=|__| 10/851,542 (Attorney Docket No. 9140.0033-00). P

Notice of Allowance dated February 22, 2007, in U.S. Application No. P|10/851 ,542 (Attorney Docket No. 9140.0033-00). )

Continuation application and Preliminary Amendment dated December13,
2006 (Attorney Docket No. 9140.0042-01).  

Examiner Date
Signature Considered

EXAMINER:Initial if reference considered, whetherornotcitation is in conformance with MPEP 609. Drawline through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

=

| EXPRESSMAILLABELNO.|
L__EV977728687 US__
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 14 50
Alexandria, Virginia 22313-1450
www.uspto.gov

UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATIONNO.

10/954,182 10/01/2004 Hongmei Zhang 09140-0016-01000 9873

22852 7590 03/14/2007 EXAMINER
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER
LLP ESTRADA, MICHELLE

901 NEW YORK AVENUE, NW
WASHINGTON,DC 20001-4413 PAPER NUMBER

2823

SHORTENED STATUTORYPERIOD OF RESPONSE MAIL DATE DELIVERY MODE

3 MONTHS 03/14/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

If NOperiod for reply is specified above, the maximumstatutory period will apply and will expire 6 MONTHS
from the mailing date of this communication.

PTOL-90A (Rev. 10/06) Ex. 1004, Page 852
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Application No. Applicant(s)

10/954 ,182 ZHANGET AL.

Office Action Summary Examiner Art Unit

Michelle Estrada 2823 po
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 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, maya reply betimelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.
if NO period for reply is specified above, the maximum statutory period will apply andwill expire SIX (6) MONTHSfrom 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, eveniftimely filed, may reduceanyearned patent term adjustment. See 37 CFR 1.704(b).

Status

nx Responsive to communication(s)filed on 06 December 2006. -
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)L] Sincethis application is in condition for allowance exceptfor 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)X] Claim(s) 41-58,61,62,85 and 87-89 is/are pendingin the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5)X] Claim(s) 85 and 87-89is/are allowed.

6)X] Claim(s) 61 is/are rejected.
7)X] Claim(s) 41-58 and 67 is/are objectedto.

8)L] Claim(s)_____s are subjectto restriction and/or election requirement.

Application Papers

9)L] The specification is objected to by the Examiner.
10)L] The drawing(s) filed on is/are: a)(_] accepted or b)L] 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).

1)L] The oathor declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LJAN b)L] Some * c)_] Noneof:

1..J Certified copies of the priority documents have beenreceived.

2.L] Certified copies of the priority documents have beenreceived in Application No.

3..] Copies of the certified copies ofthe 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) XX] Notice of References Cited (PTO-892) 4) [] tnterview Summary (PTO-413)
2) _] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mai! Date._
3) BX] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal PatentApplication

Paper No(s)/Mail Date. 6) CT Other:

 
U.S. Patent and Trademark Office :

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070305
Ex. 1004, Page 853
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Application/Control Number: 10/954, 182 Page 2
Art Unit: 2823 .

DETAILED ACTION

After an updated search before allowance, the allowability of claim 61 is

withdrawnin 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 forall

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 102ofthis 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 mannerin 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 Moiseet 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 powerto 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.

Moiseet al. disclose thatit 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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Application/Control Number: 10/954,182 . Page 3
Art Unit: 2823

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 upona rejected baseclaim,

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

the base claim and anyintervening claims.

Conclusion

Any inquiry concerning this communication or earlier communications from the

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

1858. The examiner can normally be reached on Mondaythrough 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 numberis 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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Application/Control Number: 10/954,182 Page 4
Art Unit: 2823

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

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

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

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

Michelle Estrada

Primary Examiner
Art Unit 2823

ME

March 5, 2007
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PoplcationNumber10resate2_———SSSSCSC~C~CS~S

FirstNamedinventor|ZHANG,Hongmel___——S——id
VatoCC~S

ExaminerName|ESTRADA,Michele———SSSCSC~—~S

 
 

 
 
  
 

 

  
U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner Cite , Document Number issueor ~~ Name of Patentee or | "Pages, Columns, Lines, Where
Initials No.’ ; 2 Publication Date Applicantof Cited Document Relevant Passagesor Relevant

||US-6,088,492 07-11-2000 |Kanekoetal. Pe
||US-6,288,835 B1 09-11-2001|Nilssonetal. Po
Pfuseasz717e1 _fostr-2o02 [endoCTSCCCC*d

  

 

 

 
 
 

|we]_[US-2002/0191916 A1 [12-19-2002 [Frish et al
|we||US-2003/0044118 A1 [03-06-2003

‘| me|— [US-2003/0143853 A1 [07-31-2003|Celii etal
Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

 

 

 [FOREIGNPATENTDOCUMENTS
Examiner|Cite Publication Date Nameof Patentee or Pages, Columns, Lines,|Translation” |

Initials No.‘ Foreign Patent Document MM-OD-YYYY Applicant of Cited Document Where Relevant ’. Passages or Relevant ,

Country Code" Number‘ Kind Code’ (if known) Figures Appear

|oe}|KR 2002-26187 04-06-2002|Hyundai Motor Co P| Abstract|Ltd

WO 01/82297 A1 11-01-2001|Koninklijke Philips
Lt : | ElectronicsNV

  

  
NON PATENTLITERATURE DOCUMENTS _ -sit

Translation®

 
“Include nameofthe author(in CAPITAL LETTERS), title ofthearticle (when appropriate), title of theitem

(book, magazine, journal, serial, symposium,catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published.

Examiner]Cite |
Initials’

| 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 TechnologyLett. 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).
   
|wl|Responseto Final Office Action mailed November3, 2006, in U.S.Application |i

i? Ex. — . YY . — " . T 'D. y ¥|Serato_ Estrada/ |Gorsiseres_| ___ 03/02/2007
EXAMINER:Initial if reference considered, whetheror not citation is in conformance with MPEP 609. Draw line through
Citationif not in conformance and not considered. Include copyof this form with next communication to applicant. —

{ EXPRESS MAIL NO. |
| ___—«EV746096154US_  
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 NON PATENT LITERATURE DOCUMENTS—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).
Notice of Allowance mailed March 25, 2004 for US Patent No. 6,827,826 (Atty.
Docket No. 09140.0002-02).
Notice of Allowance issued on October8, 2002, in U.S. Patent No. 6,533;907
(Atty. Docket No. 09140-0004-00).
Amendmentdated October 19, 2006, in U.S. Application No. 09/903,081 (Atty.
Docket No. 09140.0014-00).

r{|Notice of Allowance issued on October 21, 2004,in U.S. Application No.

 
 
 
 
   

 

 
 
 

10/101,492 (Atty. Docket No. 09140-0015-00).

PT|Responseto Office Action filed September 11, 2006in 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 September6, 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).

SateseeRTDocket No. 09140.0025-00270).

Responseto 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. Docket No. 09140.0030-00).

Office Action dated October 12, 2006, for U.S. Application No. 11/228,805
(Attorney Docket No. 09140.0030-01000).

(eheaecaneaaaNo. 10-2005-7016055 (Atty. Docket No. 09140.0030-00202)

Responseto Office Action mailed November8, 2006, to the Korean Patent
Office in Application No. 10-2005-7016055 (Attorney Docket No. 09140.0030-
00202).

Responseto Office Action from Singapore Patent Office in Appl. No.
| 200505388-9, dated August 11, 2006 (Atty. Docket No. 9140.0030-00256).

[sero| ___/Michelle zstrada/ |Carstees| 03/02/2007

EXAMINER:Initial if reference considered, whetheror not citation is in conformance with MPEP 609. Drawline through
citation if not in conformance and not considered. Include copyof this form with next communication to applicant.
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Final Office Action dated October 26, 2006, in U.S. Application No.
10/851,542 (Atty. Docket No. 09140.0033-00).
Preliminary Amendmentfiled July 21, 2006, in U.S. Application No. 11/297,057
(Attorney Docket No. 9140.0042-00).
Supplemental Preliminary Amendment, Substitute Specification, and
replacement drawing filed December6, 2006, in U.S. Application No.
11/297,057 (Attorney Docket No. 9140.0042-00).
Voluntary Amendmentfiled August 15, 2006-in TW Appl. No. 94143175 (Atty.
Docket No. 09140.0042-00270).
PCTInternational Search Report and Written Opinion for Application No.
PCT/US05/44781 dated October 3, 2006 (Attorney Docket No. 9140.0042-
00304).

 

 
  
 

 
 

  

   

/Michelle Estrada/ 03/02/2007

EXAMINER:Initial if reference considered, whether or notcitation is in conformance with MPEP 609. Draw line through
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Application/Control No. Applicant(s)/Patent Under
Reexamination

10/954, 182 ZHANG ETAL.
Notice of References Cited

Examiner Art Unit

Michelle Estrada 2823 Page 1 of1
U.S. PATENT DOCUMENTS

Document Number Date seg
Country Code-Number-Kind Code MM-YYYY Name Classification

 

 
 

Document Number Date . .
Country Code-Number-Kind Code MM-YYYY Country Name Classification

 pu
pop
pep
pop
pefo
psf
tp

NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

 
*A copyof this reference is 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

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20070305
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PATENT

Customer No. 22,852

Attorney Docket No. 9140.0016-01 
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of:

ZHANG, Hongmeietal. Group Art Unit: 2823

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)
)
)

Application No.: 10/954,182 ) Examiner: ESTRADA, Michelle
)
)
)
)

SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

AMENDMENT AND RESPONSE TO OFFICE ACTION

In reply to the Office Action mailed March 14, 2007, please amendthe above-identified

application as follows:

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

this paper.

Remarks/Argumentsfollow the amendmentsections on page 9 of this paper.

04/02/2007 EEKUBAY1 00000017 060916 10954182

O1 FC1201 3400.00 DA
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AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions andlistings of claims in the

application:

Claims 1-40 (Canceled).

Claim 41 (Currently amended): The method of claims-6ter 85 whereinthe target is a

metallic target and the process gas includes oxygen.

Claim 42 (Currently amended): The method of claims-64-0£85 wherein thetargetis a

metallic target and the process gas includes one or moreofa set consisting of N2, NH3, CO, NO,

COz,halide containing gasses.

Claim 43 (Currently amended): The method of claims-6er 85 whereinthetargetis a

ceramic target.

Claim 44 (Canceled).

Claim 45 (Currently amended): The method of claims-64+¢ 85 wherein the magnetic

field is provided by a moving magnetron.

Claim 46 (Currently amended) The method of claims-6+e¢ 85 further including holding

the temperature of the substrate substantially constant.

Claim 47 (Currently amended): The method of claims-6+¢ 85 wherein the process gas

includes a mixture of Oxygen and Argon.

Claim 48 (Currently amended): The methodof claims-64er 85 wherein the Oxygen flow

is adjusted to adjust the index of refraction ofthe film.

Claim 49 (Currently amended): The methodof claims-6+e¢ 85 wherein the process gas

-2-
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further includes nitrogen.

Claim 50 (Currently amended): The method of claims-6+er 85 wherein providing pulsed

DC powerto a target includes providing pulsed DC powerto a target which hasan arealarger

than that of the substrate.

Claim 51 (Currently amended): The method of claims-6+er85, further including

uniformly sweepingthe target with a magnetic field.

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

the target with a magneticfield includes sweeping a magnetin onedirection across the target

where the magnet extends beyondthe target in the opposite direction.

Claim 53 (Currently Amended): The method of claims-6+er 85 wherein thetarget is an

alloyed target.

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

includes one or morerare-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 fromaset 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 targetis a

tiled target.

Claim 58 (Previously presented): The method ofclaim 57 wherein eachtile ofthetiled

target is formed by prealloy atomization and hotisostatic pressing of a powder.
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Claims 59-61 (Canceled).

Claim 62 (Currently Amended):Fhe-methed-ofclaim-61,whereinreconditioningthe-

target,ineludes-A method of depositing a film on a substrate, comprising:

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

providing pulsed DC powerto 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 methodof depositing a film on a substrate,

comprising:

providing a process gas betweena target and a substrate;

providing pulsed DC powerto thetarget;

providing a magneticfield 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 64,62; or 85, further

including a narrow band-rejectionfilter that rejects power at an RF frequency, and further

including

providing an RFbiasto 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 powertothetarget;

providing a magneticfield 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 powertothetarget;

providing a magneticfield to the target; and

reconditioning the target;

wherein the target is a metallic target and the process gas includes one or moreofa set

consisting of Nz, NH3, CO, NO, COn, 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 powerto thetarget;

providing a magneticfield to the target; and

reconditioning the target;

wherein the target is a ceramictarget.

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 powertothe 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 methodof depositing film on a substrate, comprising:

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

providing pulsed DC powerto the target;

providing a magneticfield to the target; and

reconditioningthe target;

further including holding the temperature ofthe 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 powerto thetarget;

providing a magneticfield to the target; and

reconditioning the target;

wherein the process gas includes a mixture of Oxygen and Argon.

Claim 99 (New): A methodof depositing film on a substrate, comprising:

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

providing pulsed DC powerto thetarget;

providing a magneticfield 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 powertothetarget;

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 powerto thetarget;

providing a magneticfield to the target; and

reconditioning the target;

wherein providing pulsed DC powerto a target includes providing pulsed DC powerto 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 powerto thetarget;

providing a magneticfield to the target; and

reconditioningthetarget;

further including uniformly sweepingthe target with a magneticfield.

Claim 103 (New): The method of claim 102 wherein uniformly sweepingthe target with

a magneticfield includes sweeping a magnetin onedirection across the target where the magnet

extends beyondthe 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 powerto thetarget;

providing a magneticfield 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

morerare-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 whereinthe alloyedtargetis a tiled target.

Claim 109 (New): The method of claim 108 wherein eachtile ofthe tiled targetis

formed by prealloy atomization andhotisostatic 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

Examinerhasrejected claim 61, objected to claims 41-43, 45-58, and 62, and allowed claims 85

and 87-89. With this response, Applicants haveamended claims 41-43, 45-53, and 62, canceled

claim 61, and added new claims 93-109.

Uponentry of the present amendments, claims 41-43, 45-58, 62, 85, 87-89, and 93-109

will be pending in this application.

Claim Rejections Under 35 U.S.C. § 103

The Examinerrejected claim 61 under 35 U.S.C. § 103(a) as allegedly being unpatentable

over Smolanoffetal. (6,117,279) in view of Moiseet al. (2001/0034106). OA, 3.

Tofacilitate prosecution, and not in acquiescence to the rejection, Applicants have

canceled claim 61.

Objected Claims

The Examinerhas 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 dependencyon rejected claim 61. Claims

41-43 and 45-58, as amended, now dependonly on claim 85, which has been allowed.

Therefore, claims 41-43 and 45-58 are allowable for at least the same reasonsas is claim 85.

Claim 62 has been amendedto includeall of the limitations of claim 61, from whichit

depends. Claim 62 is therefore allowable.

Claims 93-109 correspondto claims 41-43 and 45-58, respectively. Each of claims 93-

104 includethe limitations of claim 61. Claims 93-104, as indicated by the Examiner, are now

allowable. Claims 105-108 depend from claim 104 andare allowablefor at least the same

-9-
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reason as is claim 104. Claim 109 depends from claim 108 andis allowable for at least the same

reason as is claim 108.

Information Disclosure Statement

Applicant notes the Examiner’s acknowledgementof the Supplemental Information

Disclosure Statement (“Supplemental IDS”) filed on December6, 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 considerthe cited

documents on the March 1, 2007, Supplemental Information Disclosure Statement, and the

Supplemental Information Disclosure Statementfiled concurrently herewith. Applicants remind

the Examinerof their duty to disclosure anyart that is relevant to the above-referenced

application. Tothis 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 ofa particular application, information within
their knowledgeas to other copending United States applications
which are "material to patentability" of the application in question.
Asset 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
assumethat the examinerof 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
applicationsto 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 examinerof each of the involved

applications. Similarly, the prior art references from one
application must be madeof 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.

-10-
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By acknowledging the Supplemental IDS and considering the referenceslisted on the

PTO/SB/08 forms submitted along with the Supplemental IDS, the Examinerhasassisted

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 extensionsof time required to enter this response and charge any

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

Respectfully submitted,

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

Date: March 30, 2007 By: ’
Gay J. Edwards

Reg. No. 41,008
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PATENT

Customer No. 22,852

Attorney Docket No. 9140.0016-01

 
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Applicationof:

ZHANG,Hongmeietal. Group Art Unit: 2823

Application No.: 10/954,182 Examiner: ESTRADA,Michelle

Filed: October 1, 2004
Confirmation No.: 9873

For: BIASED PULSE DC REACTIVE

)
)

)
)
)
)
)
)
)

SPUTTERING OF OXIDE FILMS __)

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

EIGHTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER37 C.F.R.§ 1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicant bringsto the attention of the

Examiner the documentson the attachedlisting. This Information Disclosure Statementis being

filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the

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

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 ofthe 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 EEKUBAY 00000017 060916 10954182

02 FC:1806 180.00 DA
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This submission does not representthat a search has been madeorthatnobetter art exists

and does not constitute an admissionthat eachorall of the listed documents are material or

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

claims in the application and Applicant determinesthat the cited documents do notconstitute

“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 overthe listed documents, should one or more of the documents be

applied againstthe 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 & DUNNER, L.L.-P.

Date: March 30, 2007  
Reg. No. 41,008

|EXPRESS MAIL LABEL NO.—  
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ZHANG,Hongmeietal. Group Art Unit: 2823

Filed: October 1, 2004
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Application No.: 10/954,182 ) Examiner: ESTRADA, Michelle
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)
SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

TRANSMITTAL LETTER

Enclosed is a reply to the Office Action of March 14, 2007. The item(s) checked below are
appropriate:
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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 By:

| EXPRESS MAILLABELNO.
EV 977728506 _

ary J. Rdwards

Reg. No. 41,008

  

Ex. 1004, Page 876



Ex. 1004, Page 877

PATENT APPLICATION FEE DeTeAMKAnON RECORD|/‘ qBYIYZ
_ Effective December 8, 2004 a | -t

/@LAIMS AS AMENDED- PARTIi    
 

 

 
 
 

OTHERTHAN’
AS [30/77 (Column 4 _(Column 2) _(Couma3)|SMALLENTITY OR SMALUENTITY.

~ CLAIMS 1
REMAINING

 
AFTER |

“AMENDMENT

HIGHEST
NUMBER

PAEVIOUSLY ]| EXTRA
PAIO FOR .

. PRESENT
. PREVIOUSLY EXTRA

PAID FORA :

e

&.
5
i
=
<

 
HIGHEST

. NUMBER

_ PREVIOUSLY
PAID-FOR

 
  
  
  

 
4

* Hthe entry in Gotumn 1 is Jess than the entry incokuma 2 write 0° in cotumn 3 |
“*Hthe “Highest Number PreviouslyPaid For’ IN THIS SPACE Is less than 20, antec “20.” aprreewit the “Highest Number Previously Paid For’ IN THIS SPACEis less than 3, enter “2.7 ,

The "Highest Number Previously Pald For’ (Total or Independent) ja Hehighest number found lh the appropriate box in cokumn. 1.

  

 
 

 
 

  
 
 

 FORM PTO-@Ts Rav. 1004)

 



Ex. 1004, Page 878

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 22313-1450www.uspto.gov

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

10/954, 182 10/01/2004 Hongmei Zhang 09140-0016-01000 9873

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER :
LLP ESTRADA, MICHELLE

901 NEW YORK AVENUE, NW
WASHINGTON,DC 20001-4413 PAPER NUMBER

2823

SHORTENED STATUTORY PERIOD OF RESPONSE MAIL DATE DELIVERY MODE

30 DAYS . 04/12/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

If NO period for reply is specified above, the maximum statutory period will apply and will expire 6 MONTHS
from the mailing date of this communication.

PTOL-90A (Rev. 10/06) Ex. 1004, Page 878



Ex. 1004, Page 879



Ex. 1004, Page 880



Ex. 1004, Page 881



Ex. 1004, Page 882



Ex. 1004, Page 883



Ex. 1004, Page 884



Ex. 1004, Page 885



Ex. 1004, Page 886



Ex. 1004, Page 887



Ex. 1004, Page 888



Ex. 1004, Page 889



Ex. 1004, Page 890



Ex. 1004, Page 891



Ex. 1004, Page 892



Ex. 1004, Page 893



Ex. 1004, Page 894



Ex. 1004, Page 895



Ex. 1004, Page 896



Ex. 1004, Page 897



Ex. 1004, Page 898



Ex. 1004, Page 899



Ex. 1004, Page 900



Ex. 1004, Page 901



Ex. 1004, Page 902



Ex. 1004, Page 903



Ex. 1004, Page 904



Ex. 1004, Page 905



Ex. 1004, Page 906



Ex. 1004, Page 907



Ex. 1004, Page 908



Ex. 1004, Page 909



Ex. 1004, Page 910



Ex. 1004, Page 911



Ex. 1004, Page 912



Ex. 1004, Page 913



Ex. 1004, Page 914



Ex. 1004, Page 915



Ex. 1004, Page 916



Ex. 1004, Page 917



Ex. 1004, Page 918



Ex. 1004, Page 919



Ex. 1004, Page 920



Ex. 1004, Page 921



Ex. 1004, Page 922



Ex. 1004, Page 923



Ex. 1004, Page 924



Ex. 1004, Page 925



Ex. 1004, Page 926



Ex. 1004, Page 927



Ex. 1004, Page 928



Ex. 1004, Page 929



Ex. 1004, Page 930



Ex. 1004, Page 931



Ex. 1004, Page 932



Ex. 1004, Page 933



Ex. 1004, Page 934



Ex. 1004, Page 935



Ex. 1004, Page 936



Ex. 1004, Page 937



Ex. 1004, Page 938



Ex. 1004, Page 939



Ex. 1004, Page 940



Ex. 1004, Page 941



Ex. 1004, Page 942



Ex. 1004, Page 943



Ex. 1004, Page 944



Ex. 1004, Page 945



Ex. 1004, Page 946



Ex. 1004, Page 947



Ex. 1004, Page 948



Ex. 1004, Page 949



Ex. 1004, Page 950



Ex. 1004, Page 951



Ex. 1004, Page 952



Ex. 1004, Page 953



Ex. 1004, Page 954



Ex. 1004, Page 955



Ex. 1004, Page 956



Ex. 1004, Page 957



Ex. 1004, Page 958



Ex. 1004, Page 959



Ex. 1004, Page 960



Ex. 1004, Page 961



Ex. 1004, Page 962



Ex. 1004, Page 963



Ex. 1004, Page 964



Ex. 1004, Page 965



Ex. 1004, Page 966



Ex. 1004, Page 967



Ex. 1004, Page 968



Ex. 1004, Page 969



Ex. 1004, Page 970



Ex. 1004, Page 971



Ex. 1004, Page 972



Ex. 1004, Page 973



Ex. 1004, Page 974



Ex. 1004, Page 975



Ex. 1004, Page 976



Ex. 1004, Page 977



Ex. 1004, Page 978



Ex. 1004, Page 979



Ex. 1004, Page 980



Ex. 1004, Page 981



Ex. 1004, Page 982



Ex. 1004, Page 983



Ex. 1004, Page 984



Ex. 1004, Page 985



Ex. 1004, Page 986



Ex. 1004, Page 987



Ex. 1004, Page 988



Ex. 1004, Page 989



Ex. 1004, Page 990



Ex. 1004, Page 991



Ex. 1004, Page 992



Ex. 1004, Page 993



Ex. 1004, Page 994



Ex. 1004, Page 995



Ex. 1004, Page 996



Ex. 1004, Page 997



Ex. 1004, Page 998



Ex. 1004, Page 999



Ex. 1004, Page 1000



Ex. 1004, Page 1001



Ex. 1004, Page 1002



Ex. 1004, Page 1003



Ex. 1004, Page 1004



Ex. 1004, Page 1005



Ex. 1004, Page 1006



Ex. 1004, Page 1007



Ex. 1004, Page 1008



Ex. 1004, Page 1009



Ex. 1004, Page 1010



Ex. 1004, Page 1011



Ex. 1004, Page 1012



Ex. 1004, Page 1013



Ex. 1004, Page 1014



Ex. 1004, Page 1015



Ex. 1004, Page 1016



Ex. 1004, Page 1017



Ex. 1004, Page 1018



Ex. 1004, Page 1019



Ex. 1004, Page 1020



Ex. 1004, Page 1021



Ex. 1004, Page 1022



Ex. 1004, Page 1023



Ex. 1004, Page 1024



Ex. 1004, Page 1025



Ex. 1004, Page 1026



Ex. 1004, Page 1027



Ex. 1004, Page 1028



Ex. 1004, Page 1029



Ex. 1004, Page 1030



Ex. 1004, Page 1031



Ex. 1004, Page 1032



Ex. 1004, Page 1033



Ex. 1004, Page 1034



Ex. 1004, Page 1035



Ex. 1004, Page 1036



Ex. 1004, Page 1037



Ex. 1004, Page 1038



Ex. 1004, Page 1039



Ex. 1004, Page 1040



Ex. 1004, Page 1041



Ex. 1004, Page 1042



Ex. 1004, Page 1043



Ex. 1004, Page 1044



Ex. 1004, Page 1045



Ex. 1004, Page 1046



Ex. 1004, Page 1047



Ex. 1004, Page 1048



Ex. 1004, Page 1049



Ex. 1004, Page 1050



Ex. 1004, Page 1051



Ex. 1004, Page 1052



Ex. 1004, Page 1053



Ex. 1004, Page 1054



Ex. 1004, Page 1055



Ex. 1004, Page 1056



Ex. 1004, Page 1057



Ex. 1004, Page 1058



Ex. 1004, Page 1059



Ex. 1004, Page 1060



Ex. 1004, Page 1061



Ex. 1004, Page 1062



Ex. 1004, Page 1063



Ex. 1004, Page 1064



Ex. 1004, Page 1065



Ex. 1004, Page 1066



Ex. 1004, Page 1067



Ex. 1004, Page 1068



Ex. 1004, Page 1069



Ex. 1004, Page 1070



Ex. 1004, Page 1071



Ex. 1004, Page 1072



Ex. 1004, Page 1073



Ex. 1004, Page 1074



Ex. 1004, Page 1075



Ex. 1004, Page 1076



Ex. 1004, Page 1077



Ex. 1004, Page 1078



Ex. 1004, Page 1079



Ex. 1004, Page 1080



Ex. 1004, Page 1081



Ex. 1004, Page 1082



Ex. 1004, Page 1083



Ex. 1004, Page 1084



Ex. 1004, Page 1085



Ex. 1004, Page 1086



Ex. 1004, Page 1087



Ex. 1004, Page 1088



Ex. 1004, Page 1089



Ex. 1004, Page 1090



Ex. 1004, Page 1091



Ex. 1004, Page 1092



Ex. 1004, Page 1093



Ex. 1004, Page 1094



Ex. 1004, Page 1095



Ex. 1004, Page 1096



Ex. 1004, Page 1097



Ex. 1004, Page 1098



Ex. 1004, Page 1099



Ex. 1004, Page 1100



Ex. 1004, Page 1101



Ex. 1004, Page 1102



Ex. 1004, Page 1103



Ex. 1004, Page 1104



Ex. 1004, Page 1105



Ex. 1004, Page 1106


