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Claim Rejections under 35 U.S.C.§103

Claims 2-6

The Examinerhas rejected claims 2-6 under 35 U.S.C. § 103(a) as being unpatentable

over Smolanoffin view of U.S. Patent No. 5,755,938 (“Fukui”). As discussed above, claim 1 is

allowable over Smolanoff. Fukui does not cure the defects in the teachings of Smolanoff.

Therefore, claims 2-6, which depend from claim 1, are allowable for at least the same reasons as

is claim 1.

Claims 7 and 9

The Examinerhas further rejected claims 7 and 9 under 35 U.S.C. § 103(a) as being

unpatentable over Smolanoff in view of Leet al. (2003/0077914) (“Le”). As discussed above,

claim 1 is allowable over Smolanoff. Le does not cure the defects in the teachings of Smolanoff.

Therefore, claims 7 and 9, which depend from claim 1, are allowable for at least the same

reasons as is claim 1.

Allowable Subject Matter

The Examinerhas indicated that claims 14 and 21-24 would be allowable if rewritten in

independent form includingall of the limitations of the base claim and anyintervening claims.

Claims 14 and 21, from which claims 22-24 depend, have been rewritten as suggested by the

Examiner.
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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 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.

 Dated: December 5, 2005 By: $5, 6&/
ary J. Edwards

Reg. No. 41,008

| EXPRESS MAIL LABEL NO.
EV 758329165 US .
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In re Applicationof:

PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00 

NITED STATES PATENT AND TRADEMARKOFFICE

ZHANG,Hongmeietal. Group Art Unit: 2823

Application No.: 10/101,863 Examiner: ESTRADA,Michelle

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE Confirmation No.: 6938

)
)
)
)
)
)
)

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 one month extension oftimeto reply to the Office action of

August 4, 2005. The Commissioneris hereby authorized to charge the fee of $120.00 to Deposit

Account No. 06-0916.

Please grant any extensions oftime required to enter this response and charge any

additional required fees to our deposit account 06-0916.

Respectfully submitted,

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

Dated: December5, 2005  
0 Reg. No. 41,008

 
12/08/2005 EAREGAY 00000041 060916 10101863

O1 FC:1251 120.00 DA

Ex. 1052, Page 966



Ex. 1052, Page 967

GPE 4 
 
 

PATENT

Customer No. 22,852

B

DEC 0 6 2005 y
Attorney Docket No. 9140.0016-00

 
 
 Be IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

ZHANG,Hongmeiet al. Group Art Unit: 2823

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE Confirmation No.: 6938

)
)
)
)

Application No.: 10/101,863 ) Examiner: ESTRADA,Michelle
)
)
)
)

SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

FOURTH 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 ofthe

Examiner the documents onthe 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. 06-0916 as specified by Section 1.17(p).

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

patents and patent publications are not enclosed.

Applicants respectfully request that the Examiner considerthe listed documents and

indicate that they were considered by making appropriate notations on the attached form.
12/08/2005 EAREGAY1 00000041 060916 10101863

02 FC:1806 180.60 DA
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oo

This submission does not represent that a search has been madeorthat nobetterart exists

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

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

claims in 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 claimsof the 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.

Dated: December 5, 2005 By:( Houde.) . Dhar 4S) 681
BY ary J. EdwardsReg. No. 41,008

 

-2-
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(Use as many sheets as necessan)

 
 

 
 

 

  U.S. PATENTS AND PUBLISHEDU.S. PATENT APPLICATIONS

Examiner|Cite Document Number issue or Nameof Patentee or Pages, Columns, Lines, Where
Initials No.' 5 2 Publication Date Applicantof Cited Document Relevant Passagesor Relevant

Number-Kind Code* (if known) MM-DD-YYYY Figures Appear

|||5,478,456 12-26-1995|Humpaletal.
|||6,846,765 B2 1-25-2005|Imamuraetal.

 
 

Examiner i Publication Date Nameof Patentee or Pages, Columns, Lines,
Initials . Foreign Patent Document MM-DD-YYYY Applicant of Cited Document Where Relevant Passages

or Relevant Figures

Country Code® Number* Kind Code?(if known)

NON PATENT LITERATURE DOCUMENTS

Examiner|Cite Include nameof the 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.

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

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

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

Office Action issued on August 8, 2005 in U.S. Serial No. 10/101,341 (Attorney Docket
No. 09140-001 7-00).

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

Office Action issued on October 19, 2005 in U.S. Application No. 10/851 ,542 (Attorney
Docket No. 09140.0033-00).

 
  EXPRESS MAIL LABELNO.__|
| _ EV.758329165 US |

Examiner Date
Signature Considered

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 copy of this form with next communication to applicant.
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Application No. Applicant(s)

10/101,863 ZHANG ETAL. ,

Examiner Art Unit

Michelle Estrada 2823

-- The MAILING DATEof this 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.Extensionsof time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, maya reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.
if NO pericd for 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 periodfor replywill, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Anyreply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

Office Action Summary

1)X]_ Responsive to communication(s)filed on 05 December 2005.
2a)X] This action is FINAL. 2b)L] This action is non-final.
3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

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

Disposition of Claims

4)X] Claim(s) 1-14 and 20-24 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5)\X] Claim(s) 14 and 21-24 is/are allowed.
6)X1 Claim(s) 1-13 and 20 is/are rejected.
7)\LJ Claim(s)___is/are objected to.
8)L] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)L_] The specification is objected to by the Examiner.
10)X] The drawing(s)filed on 05 December 2005is/are: a)[X] 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).

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

Priority under 35 U.S.C. § 119

12)L) Acknowledgmentis madeofa claim forforeign priority under 35 U.S.C. § 119(a)-(d)or(f).
a)LIAI b)LJ Some* c)L Noneof:

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 beenreceived 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) J Notice of References Cited (PTO-892) 4) LJ interview Summary (PTO-413)
2) L] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date._
3) BX] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [_] Noticeof Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 12/5/05. 6) OC Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 7-05)

 
Office Action Summary Part of Paper No./Mail Date 20060208
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Application/Control Number: 10/101,863 Page 2
Art Unit: 2823

DETAILED ACTION

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section madein this Office action:

A personshall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

Claims 1, 8, 10-13 and 20 are rejected under 35 U.S.C. 102(b) as being

anticipated by Smolanoff et al. (6,117,279).

With respect to claim 1, Smolanoff et al. disclose providing pulsed DC power(21)

througha filter (22) to a target (16) (Col. 5, lines 50-55); providing RF bias powerto a

substrate (15) positioned opposite the target (Col. 5, lines 60-65); providing process gas

between the target and the substrate (Col. 7, lines 25-28); wherein the filter protects a

pulsed DC powersupply (21) from the bias power, and wherein a plasma is created by

application of the pulsed DC powerto the target (Col. 6, lines 8-13); and wherein the

film is deposited by exposure of the substrate to the plasma (Col. 6, lines 30-33).

With respect to claim 8, Smolanoff et al. disclose wherein the process gas

includes a mixture of oxygen and argon (Col. 7, lines 21-27).

With respect to claim 10, Smolanoff et al. disclose wherein the process gas

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

With respect to claim 11, Smolanoff et al. disclose wherein providing pulsed DC

powerto a target includes providing pulsed DC powerto a target which has an area

larger than that of the substrate (Seefig. 1).
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Application/Control Number: 10/101,863 Page 3
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With respect to claim 12, Smolanoff et al. disclose further including uniformly

sweepingthe target with a magnetic field (Col. 6, lines 1-7).

With respect to claim 13, Smolanoff et al. disclose wherein uniformly sweeping

the target with a magnetic field includes sweeping a magnetin one direction across the

target where the magnet extends beyond the target in the opposite direction (Col. 6,

lines 1-6).

With respect to claim 20, Smolanoff et al. disclose conditioning a target;
preparing the substrate; adjusting the bias power to the substrate; setting the process

gas flow; and applying pulsed DC powerto the target to deposit the film (Col. 5, line 55-

Col. 7, line 50).

Claim Rejections - 35 USC § 103

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

obviousnessrejections 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 madeto 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 2-6 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Smolanoff et al. as applied to claims 1, 8, 10-13 and 20 above, and further in view of

Fukui et al. (5,755,938).

With respect to claims 2-4 and 6, One of ordinary skill in the art would have been

led to the recited temperature, DC power, time pulse and bias power to routine

experimentation to achieve a desire layer thickness, device dimension, device
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Application/Control Number: 10/101,863 Page 4
Art Unit: 2823

associated characteristics and device density on the finished wafer in view of the range

of values disclosed.

In addition, the selection of temperature, DC power, time pulse and bias power,

its obvious becauseit is a matter of determining optimum process conditions by routine

experimentation with a limited number of species of result effective variables. These

claims are prima facie obvious without showing that the claimed ranges achieve

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935,

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir.

1996)(claimed ranges or a result effective variable, which do not overlap the prior art

ranges, are unpatentable unless they produce a new and unexpected result which is

different in kind and not merely in degree from the results of the prior art). See also In

re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective

variable in known 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 temperature, DC power, time pulse and bias power or any unexpected

results arising therefrom. Where patentability is said to be based upon particular

chosen temperature, DC power, time pulse and bias power or upon another variable

recited in a claim, the Applicant must show that the chosen temperature, DC power,

time pulse and bias powerare critical. /n re Woodruf, 919 F.2d 1575, 1578, 16

USPQ2d 1934, 1936 (Fed. Cir. 1990).
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Application/Control Number: 10/101 ,863 Page 5
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With respect to claim 5, Smolanoff et al. do not specifically disclose wherein the

filter is a band rejectfilter at the frequency of the bias power.

Fukui et al. disclose a sputtering process wherein the DC power supply (28) is

connected through a band-passfilter (27) at the frequency of the bias power.

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

the teachings of Smolanoff et al. and Fukui et al. to enable the filter type of Smolanoff et

al. to be the same according to the teachings of Fukui et al. because one of ordinary

skill in the art would have been motivated to look to alternative suitable types offilters

for the disclosed filter step of Smolanoff et al. and art recognized suitability for an

intended purpose has been. recognized to be motivation to combine. See MPEP

2144.07.

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Smolanoff et al. as applied to:claims 1, 8, 10-13 and 20 above,and further in view of Le

et al. (2003/0077914).

Smolanoff et al. do not disclose wherein the film is an upper cladding layer of a

waveguidestructure and the bias poweris optimized to provide planarization.

With respect to claim 7, Le et al. disclose wherein the film is an upper cladding

layer of a waveguide structure and the bias poweris optimized to provide planarization

Page 5, Paragraph [0075].
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Application/Control Number: 10/101 ,863 Page 6
Art Unit: 2823

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

the teachings of Smolanoff etal. and Leetal. to enablethe film material of Smolanoff et

al. to be the same according to the teachings of Leet al. because one of ordinary skill in

the art would have been motivated to look to alternative suitable film materials for the

disclosed film formation step of Smolanoff et al. and art recognized suitability for an

intended purpose has been recognized to be motivation to combine. See MPEP

2144.07.

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to

adjust the index of refraction of the film (Page 5, Paragraph [0076]).

Allowable Subject Matter

Claims 14 and 21-24 are allowed.

Responseto Arguments

Applicant's arguments filed 12/5/05 have been fully considered but they are not

persuasive. Applicant argues that deposition is performed by exposing the substrate to

the secondary plasma, not the main plasma adjacent to the sputtering target. However,

the process of Col. 5- Col. 6 of Smolanoff et al. deposits a thin film on the substrate 15

by exposure to the main plasma (Col. 6, lines 30-33). The additional teachings of the

reference, like creating a secondary plasma, do not renderinvalid the teachings relied

on.
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Applicant argues that Smolanoff has enabled utilization of a DC power supply,

but not a pulsed DC power supply. However, Smolanoff discloses that a pulsed DC

power can be used and would workin the process described at Col. 5-Col. 6.

Conclusion

THIS ACTION IS MADEFINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHSfrom the mailing date of this action. In the event a first reply is filed within

TWO MONTHSof the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTHshortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however,will the statutory period for reply expire later

than SIX MONTHSfrom the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Michelle Estrada whose telephone 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.
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Application/Control Number: 10/101,863 Page 8
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Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone 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

ok Estrada
Primary Examiner

Art Unit 2823

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

ME

February 8, 2006
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PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof:

ZHANG,Hongmeiet al. Group Art Unit: 2823

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE

SPUTTERING OF OXIDE FILMS

)
)
)
)

Application No.: 10/101,863 ) Examiner: ESTRADA,Michelle
)
)
)
) Confirmation No.: 6938
)

MAIL STOP RCE

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

AMENDMENT AND RESPONSE TO OFFICE ACTION

In reply to the Office Action mailed February 14, 2006, and filed concurrently with a

Request for Continued Examination, Applicants proposethat this application be amended as

follows:

Amendments to the Claimsare reflected in the listing of claims in this paper beginning

on page 2.

Remarks/Arguments follow the amendmentsections of this paper beginning on page5.
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AMENDMENTSTO THE CLAIMS:

This listing of claims will replace all prior versions andlistings of claimsin the

application:

1. (Cancelled)

2. (Currently Amended): The method of Claim 421, further including holding the temperature

of the substrate substantially constant.

3. (Currently Amended): The method of Claim 421, wherein previdingapplying pulsed DC

powerthrough thefilter includes supplying up to about 10 kW of powerat a frequency of

between about 40 kHz and about 350 kHz and a reverse time pulse between about 1.3 and 5 ps.

4. (Currently Amended): The method of Claim +21, wherein previdingadjustinganRFbias

powerto the substrate includes supplying up to 1000 W of RF powerto the substrate.

5. (Currently Amended): The method of Claim 4, wherein thefilter is a band rejection filter at

the frequency of the bias power.

6. (Currently Amended): The method of claim 4, wherein the RFbias poweris zero.

7. (Currently Amended): The method of Claim +21, wherein the film is an upper cladding layer

of a waveguide structure and the RFbias poweris optimized to provide planarization.

8. (Currently Amended): The method of Claim 421, wherein thea process gas of the process gas

flow includes a mixture of Oxygen and Argon.

9. (Currently Amended): The method of Claim 98, wherein the Oxygenflewmixture is adjusted

to adjust the index of refraction of the film.

10. (Currently Amended): The method of Claim 8, wherein the-precess-gasmixture further

includesnitrogen.

11. (Currently Amended): The method of Claim +21, wherein previdingapplying pulsed DC

powerto athe target includes previdingadjusting pulsed DC powerto a target which has an area

-2-
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larger than that of the substrate.

12. (Currently Amended): The method of Claim 421, further including uniformly sweeping the

target with a magneticfield.

13. (Previously Presented): The method of Claim 12, wherein uniformly sweepingthe target

with a magnetic field includes sweeping a magnetin onedirection across the target where the

magnet extends beyondthetarget in the opposite direction.

14. (Previously Presented): A method of depositing a film on a substrate, comprising:

providing pulsed DC powerthrough a filter to a target;

providing RF bias powerto a substrate positioned opposite the target; and

providing process gas between the target and the substrate, and

depositing a film on the backsideofthe target,

wherein the filter protects a pulsed DC powersupply from the bias power, and

wherein a plasmais created between the target and the substrate.

15.-20. (Cancelled).

21. (Currently Amended): A method of depositing a film on a substrate, comprising:

conditioning a target;

preparing the substrate;

adjusting an RF bias powerto the substrate;

setting a process gas flow; and

applying pulsed DC powerto the target through a filter to create a plasma and deposit the

film,

wherein conditioning the target includes sputtering with the target in a metallic modeto

removethe surface of the target and sputtering with the target in poisonous modeto prepare the

surface.

22. (Previously Presented ): The method of Claim 21, wherein setting the process gas flow

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

23. (Previously Presented): The method of Claim 21, wherein applying pulsed DC power

-3-
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includes setting the frequencyin orderto adjust the index ofrefraction of the film.

24. (Previously Presented): The method of Claim 21, further including adjusting a temperature

of the substrate in order to adjust the index ofrefraction ofthe film.

25.-39. (Canceled).

-4-
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REMARKS

Claims 1-14 and 20-24 are pending in the aboveidentified application. The Examiner

has rejected claims 1-13 and 20, and allowed claims 14 and 21-24. With this paper, Applicants

have amended claims 2-12 to depend uponallowed claim 21, and amended claim 21 for a

typographical error, and cancelled claims | and 20. Applicants reserve the right to pursue claims

1 and 20 in a separate application.

The Examinerrejected claims1, 8, 10-13, and 20 under 35 U.S.C. § 102(b)as being

anticipated by Smolanoffet al. (6,117,279). Further, the Examinerrejected claims 2-6 under 35

U.S.C. § 103(a) as being unpatentable over Smolanoffet al. and further in view of Fukuietal.

(5,755,938). Without agreeing or acquiescing with the Examiner’s comments regarding the

claims andtheprior art, Applicants have canceled claims 1 and 20 and amended claims8,2-6,

and 10-13 to depend from allowed claim 21. Therefore, claims 2- 6, 8, and 10-13 are allowable

for at least the same reasonsasis claim 21.

The Examinerhas allowed claims 14 and 21-24.

Conclusion

Applicant respectfully requests that this Amendment be entered by the Examiner, placing

claims 2-14 and 21-24 in condition for allowance. Applicants submit that the proposed

amendments of claims 2-12 and 21 do not raise new issues or necessitate the undertaking of any

additional search of the art by the Examiner,sinceall of the elements and their relationships

claimed wereeither earlier claimed or inherent in the claims as examined. Therefore, this

Amendmentshould allow for immediate action by the Examiner.

In view of the foregoing remarks, Applicants submit that this claimed invention, as

amended,is neither anticipated nor rendered obviousin view ofthe prior art references cited

-5-
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against this application. Applicants therefore request the entry of this Amendment, the

Examiner's reconsideration and reexamination of the application, and the timely allowanceofthe

pending claims.

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,
GARRETT & DUNNER,L.L.P.

Dated: February 24, 2006 By: é
r dwafds

Reg. No. 41,008

EXPRESS MAIL LABEL NO.

EV 746094839 US
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PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00

 
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Applicationof:

ZHANG, Hongmeietal. Group Art Unit: 2823

Application No.: 10/101,863 Examiner: ESTRADA,Michelle

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE

SPUTTERING OF OXIDE FILMS

)
)
)
)
)
)
)
)
) Confirmation No.: 6938
)

MAIL STOP RCE

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

FIFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER37 C.F.R.§ 1.97(b)

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

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

filed before the mailing date of a first Office Action after the filing of a Request for Continued

Examination in the above-referenced application.

Copiesof the listed foreign and non-patent literature documentsare attached. Copies of

the U.S. patents and patent publications are not enclosed.

Applicants respectfully request that the Examiner consider the listed documents and

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

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

and does not constitute an admission that each orall of the listed documents are material or
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constitute "priorart." If the Examiner applies any of the documentsas priorart against any

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

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

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

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

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

applied against the claims of the present application.

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

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,

Dated: February 24, 2006  
EXPRESS MAIL LABEL NO. |

EV 746094839 US
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(57) Abstract: A method of deposition ofa transparent conductive film from a metallic targetis presented. A method of forming a
©} uansparent conductive oxide film according to embodiments ofthe present invention include depositing the transparent conductive

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 transparentoxide film, which in some embodimentscan 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 in a film with a wide range ofresistive properties and surface smoothness ofthe film.
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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] Thepresent inventionis related to deposition of oxides on a substrate and,

in particular, deposition oftransparent conductive oxides.
2. Discussion ofRelated Art

[0003] Transparent conductive oxides have a wide variety ofuses, 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 manycases, the electrical

properties of the conducting film is ofgreat importance.

[0004] Specifically, for OLEDapplications, films deposited with current
technologies are generally rough, resulting in stress risers and field concentration
issues, that can cause leakage. Further, asperities in the resulting film can induce

lifetime dependent defects in nearest 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 ceramictargets

by RF magnetron sputtering. However, the surface ofproperties ofthe resulting films
often include nodules or asperites which can causearcing, defects, surface roughness,

_ and other deleterious effects in the resulting film. Additionally, ceramic targets tend
to be more expensive to produce than metallic targets.

[0006] Previous attempts at deposition of transparent conductive oxides, for

example indium tin oxide (ITO), with metallic targets have presented numerous

Ex. 1052, Page 1021



Ex. 1052, Page 1022

WO 2004/106581 , PCT/US2004/014523

problems, including small process windows, problems in process controllability, a

disappearing anodeeffect, and particle deposition on the film. Such attempts have

been abandoned. Deposition with ceramic targets has also been difficult, including

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

cases, film smoothness has presented major difficulties. Additionally, control of film
parameters such as, for example, resistivity and transparency has been difficult.

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

transparent conductive oxides with greater control over layer properties such as

resistivity and transparency.

Summary

{0008} In accordance with the present invention, a method of depositing ofa

transparent conductive film from a metallic target is presented. A method offorming

a transparent conductive oxide film according to embodiments of the present

invention includes depositing the transparent conductive oxidefilm in a pulsed DC

reactive ion process with substrate bias, and controlling at least one process parameter |
to provideat least one characteristic of the conductive oxidefilm at a particular value. _
{0009] A method of depositing a transparent conductive oxide film on a substrate :

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

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

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

adjusting gas flow into the reaction chamber, and providing a magnetic field at the

target in orderto 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] The resulting transparent oxide film, which can be deposited according to
some embodiments ofthe present invention, can be an indium-tin oxide (ITO)film.

An ITOfilm 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 range ofresistive properties

and surface smoothness ofthe film.

[0011] These and other embodiments ofthe 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 be utilized in the methods of depositing according to the present
invention. .

[0013] Figure 2 shows an exampleofa target that can be utilized in the reactor
illustrated in Figures 1A and 1B

{0014} Figure 3A shows an Atomic Force Microscopy (AFM) imageofan
indium-tin-oxide (ITO) process according to some embodiments of the present
invention.

[0015] Figure 3B shows an Atomic Force Microscopy (AFM) image of another
ITO process deposited using a process according to some embodiments ofthe present
invention.

[0016] Figure 4 shows the variation of bulk resistivity of an ITO layer according
to some embodimentsofthe present invention as a function ofthe oxygen flow for
two different target powers before and after a 250 °C anneal in vacuum.

[0017] Figure 5 shows the variation ofthe sheet resistance ofan ITO layer
according to some embodiments ofthe present invention as a function of the oxygen
flow usedfor two different target powers before and after a 250 °C anneal in vacuum.

[0018] Figure 6 shows the target current and voltage (min and max) 25 a function
ofoxygen flow.
[0019] Figure 7 shows the thickness change in layers of ITO according to
embodiments of the present invention as a function of oxygenflow.

[0020]_—‘Figure8 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 thefigures, elements having the same designation have the same or
similar function.
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Detailed Description

[0023] Deposition of materials by pulsed-DC biased reactive ion deposition is

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

Reactive Sputtering of Oxide Films,” to Hongmei Zhang, et al., filed on March 16,

2002. Preparation 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,etal., 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 sameassignee as is the present disclosure and each is

incorporated herein in their entirety. Deposition of oxide materials has also been

described in U.S. Patent No. 6,506,289, which is also herein incorporated by reference

in its entirety. Transparent oxide films are deposited utilizing processes similar to

those specifically described in U.S. Patent No. 6,506,289 and U.S. Application Serial -
No. 10/101863.

[0024] Figure 1A shows a schematic of a reactor apparatus 10 for sputtering material
from a target 12 according to the present invention. In some embodiments, apparatus

10 may, for example, be adapted from an AKT-1600 PVD (400 X 500 mm substrate
size) system from Applied Komatsu or an AKT-4300 (600 X 720 mm substrate size)

system from Applied Komatsu, Santa Clara, CA. The AKT-1600 reactor, for

example, has three deposition chambers connected by a vacuum transport chamber.

These 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 coupledto an RF power

supply 18. A magnet 20 is scanned across the 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 of target 12 is discharged and arcing is prevented. To obtain arc free

deposition, the pulsing frequency exceedsa critical frequency that can depend on

target material, cathode current and reverse time. High quality oxide films can be
madeusing reactive pulse DC magnetronsputtering as shown in apparatus 10.

[0027] 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 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 ps.

[0028] Filter 15 prevents the bias power from power supply 18 from coupling into

pulsed DC power supply 14. In some embodiments, power supply 18 can be a2 MHz
RF power supply, for example a Nova-25 power supply made by ENI, Colorado
Springs, Co. ,
[0029] In some embodiments,filter 15 can be a 2 MHz sinusoidal band rejection
filter. In some embodiments, the band width 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 activesize

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 heldat

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

between about 3 and about 9 cm. Process gas can beinserted 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 between about .7 and 6 millitorr. Magnet 20 provides a

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

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

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

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

[0032] 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 inFigure 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. Figure 2

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

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

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

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

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

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

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

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

20 is moved in a planeparallel to the plane oftarget 12.
[0034] The combination of a uniform target 12 with a target area 52 larger thanthe
area of substrate 16 can provide films of highly 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 plasmaat the target surface and the equilibration ofthe target

surface with the gas phase ambient of the process are uniform over a region which is

greater than or equal to the region to be coated with a uniform film thickness. In
addition, the region ofuniform film thicknessis 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 of any materials. Typically metallic materials, for
example, include combinations ofIn and Sn. Therefore, in some embodiments,target
12 includes a metallic target material formed from intermetallic compounds ofoptical
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.
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 ona backingplate to form a target for apparatus 10. A wide area

sputter cathode target can be formed from a close packed array of smaller tiles. Target
12, therefore, may include any numberoftiles, for example between 2 to 20
individual tiles. Tiles can be finished to a size so as to provide a margin of non-

contact, tile to tile, less than about 0.010” 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 betweentiles oftarget 12 and the dark space anode or ground

shield 19 in Figure 1B can be somewhat larger so as to provide noncontact 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 be created in region 51, which extends under the entire target 12. A
central region 52 oftarget 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 belarger than the area in which the
deposition provides a film with uniform physical or optical properties such as

7
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chemical compositionorindex 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 betypically

within 0.5 mm ofa planar surface.

[0038] Reactive gasesthat provide a constant supply of ionic oxygen to keep the
target surface oxidized can be provided to expand the process window. Some

examplesofthe gases that can be utilized for controlling surface oxidation are CO2,

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

.control system can beincorporated to control the oxygen partial pressure in the

reactive chamber. Therefore, a wide range ofoxygen flowrates can becontrolled to

keep a steady oxygenpartial 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, power to target 12 can be controlled in a feedback loop at supply 14. Further,

oxygen partial pressure controller 20 can control either oxygen or argon partial

pressures in plasma53.

[0039] In some embodiments, transparent conductive oxides can be deposited on

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

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

The parameters in the process column 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 ofthe depositions is also listed.

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

Table 1. The results include the sheetresistance, thickness, bulk resistivity, and

refractive indices of the resulting films. Again, the first column indicates the slot

8
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number ofthe deposition. The process for each slot number is reiterated in column 2
of Table 2. The sheet resistance of selected ones ofthe films resulting from the
depositionis listed in the third column and the uniformity of the sheet resistance is
indicated in the fourth column. The thicknessofthe film andits uniformity of each of
the films deposited by the indicated processis indicated in the fifth and sixth columns.
The bulk resistance of selected ones ofthefilms, p,is also indicated. Additionally,
the refractive index taken at 632 nm is indicated along with the film uniformity of that
index. The comments section of Table 2 indicates whether the resultingfilm is

transparent, translucent, or metallic in character.
[0041] Figure 3A shows the Atomic Force Microscopy (AFM) image of an ITO
film producedby the process identified in slot #5 in tables 1 and 2. That process, with
particularly low oxygenflow rates (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 not being 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, the film is
smooth.

[0042] Figure 3B shows an Atomic Force Microscopy (AFM) imageofan ITO
film deposited using the process described in slot #19 ofTables 1 and 2. In that
process, the oxygen flow 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 oxygen partial pressure (as indicated by increased flowrate) has a
large influence on the characteristics of the 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 ofthe ITO as a functionofthe

_ oxygen flow rate used for two different target powers before and after a250 °C anneal
9
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in vacuum. The bulkresistivity of the film exhibits a sudden transition downward as

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

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

graph shown in Figure 4 has been taken from Tables 1 and 2.

{0044} Figure 5 showsthevariation ofthe sheet resistance of an ITO film as

function of the O2 flow used for two different target powers before and after a 250C
anneal in vacuum. As shown in Figure 5, the sheet resistance follows similar trends as

the bulk resistivity of the film.

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

of the oxygen flow rate. The target voltage increases as the oxygen flowrate is

lowered. It could be seen here that at a 40 sccm oxygenflowrate through repeated

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

voltage feedback control system that adjusts the power supplied to target 12 to hold

the target voltage constant. Therefore, as shown in Figure 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 ofthe film increases as the oxygen flow

decreases but this could make opaque metallic films and so choosingthe correct

oxygen flow andutilizing an oxygen flow feedback control system to control material

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

[0047] Insome 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 of the 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 increasein flow rate is

required. In some embodiments, reactor 10 can includeapartial 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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foundthat film parameters such as resistivity, smoothness, and transparency can be

highly dependent on oxygen partial pressures, and therefore these characteristics of
the resulting deposited layer can be controlled by adjusting the oxygen partial.

pressures.

{0048]|Some embodimentsofthe present invention can be deposited with ceramic
targets. An exampletarget is an ITO (In/Sn 90/10) ceramic target can beutilized.
Table3 illustrates some example processesfor deposition of ITO utilizing a ceramic

target according to the present invention. Bulk resistivity, sheet resistance, resistance,

thicknesses, deposition rates, and index ofrefraction ofthe resulting films are shown

along with the process parameters utilized in the deposition. Figure 9A shows an

AFM depiction ofa transparent conductive oxide film correspondingto run #10 in

Table 3. Figure 9B shows an AFM depiction ofa transparent conductive oxide film

correspondingto run #14 in Table 3. Figure 9C shows an AFM depiction ofa

transparent conductive oxide film corresponding to run #16 in Table 3. Figure 9D -
shows an AFM depiction ofa transparent conductive oxide film layer corresponding

to run #6 in Table 3.

{0049] Figures 9A through 9Dillustrate the roughnesses ofselective depositions

of ITO 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 of280°C. Thelayer grewto a thickness of 1200 Ain 100
seconds ofdeposition time and exhibited a sheet resistance of 51 ohms/sq. The
roughnessillustrated in Figure 9A is characterized by an Ra=2.3 nm and Res of21

- nm.

[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 grewto a thickness of 1199 A in 100 sec. The layer in Figure
9B exhibited a sheetresistance of 39 ohms/sq. The roughness illustrated in Figure 9B
is characterized by an Ra=1.1 nm and Rmax of 13 nm.

[0051] TheITOfilm shown in Figure 9C was deposited using 3 kW RF power,

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

thickness of 1227 A in 100 seconds ofdeposition 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 nm.

(0052) Figure 9D was deposited using 1.5 kW RF power, 300 W bias, 0 sccm O2,

30 sccm Ar at a temperature of 280 C. The layer grew to a thickness of580 A in 100

secondsofdeposition 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 of4.6 nm.

[0053] Utilizing the example depositions 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

O/sq fortrial # 14 to a high of 12,284 Q/sq fortrial #1. Careful variation of the

process parameters, therefore, allow control of sheet 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 be utilized

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

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

[0055] Similar processes for other metallic conductive oxides can also be

developed. For example, deposition of zinc oxide films. Further, as can be seen in

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

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

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

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

[0056] Other thin film layers according to the present invention include deposition

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

12
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formed accordingto the present invention can be utilized in many devices, including,
but notlimited to, displays, photovoltaics, photosensors, touchscreens, and EMI

shielding. .

[0057]|Embodimentsofthe 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 andspirit of the present disclosure. As such, the inventionis limited
only by the following claims.

13
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Claims

Weclaim:

1. A method of forminga 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 provideatleast one characteristic

of the conductive oxide film at a particular value.

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

controlling the oxygen partial pressure.

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

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

resistance.

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

roughness.

6. The method ofclaim 5, wherein the transparent conductive oxidefilm includes an

indium-tin oxidefilm andthe film roughness is characterized by R, less than about 10
nm with Rms ofless than about 20 nm.

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

2x10% micro-ohms-cm to about 0.1 micro-ohms-cm.

8. The method of claim 1, wherein the at least one process parameter includes a

power supplied to a target.

9. The 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 of claim 1, wherein the at least one process parameterincludes
deposition temperature,

12, The methodofclaim 1, wherein the at least one process parameterincludes an

argonpartial pressure.

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

18
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14. The methodofclaim 1, further including supplying a ceramictarget.

15. The method of claim 1, wherein the transparent conductive oxide film is doped

with at least one rare-earth ions.

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

17. The methodofclaim 15, wherein the at least one rare-earth ions includes cerium.

18. A methodofdepositing a transparent conductive oxide film 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 gas flow into the reaction chamber; and

providing a magnetic field at the target in order to direct deposition of the

transparent conductive oxide film on the substrate in a pulsed-dc biased reactive-ion

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

particular property. ,

19. The method ofclaim 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.

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

resistivity ofthe transparent conductive oxide film.

21. The methodofclaim 19, wherein the transparent conductive oxidefilm includes

an indium-tin oxide film. .

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

23. The method ofclaim 19, wherein the parameters include bias power.
24. The method ofclaim 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 method ofclaim 24, wherein the at least one rare-earth ion includes cerbium.

- 19
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Energy Conversion and Storage Films and Devices by Physical Vapor Deposition
of Titanium and Titanium Oxides and sub-Oxides

Related Applications

The present invention claims priority to U.S. Provisional Application Serial

No. 60/473,375, “Energy Conversion and Storage Devices by Physical Vapor

Deposition of Titanium Oxides and Sub-Oxides,” by Richard E. Demaray and Hong

MeiZhang,filed on May 23, 2003, herein incorporated by referencein its entirety.

Background

1,FieldoftheInvention

[0001] The present inventionis related to fabrication of thin films for planar

energy and charge storage and energy conversionand,in particular, thin films

deposited oftitanium andtitanium 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 oxide layers are notutilized 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 have poorinsulation properties due to a propensity for oxygen deficiency

and the diffusion ofoxygen defects in the layers. Additionally, amorphoustitania is

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

which the deposited layer is often a mixture of crystalline anatase and rutile .
structures.

[0003]|However, such 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

chemical stability. There are no known volatile halides and titania is uniquely

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

that there are no grain boundary mechanismsfor electrical breakdown, chemical
corrosion, or optical scattering. It is also well known that the sub oxides oftitanium

have unique anduseful properties. See, e.g., Hayfield, P.C.S., “Development of a
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New Material- Monolithic TisO7 Ebonix Ceramic”, Royal Society Chemistry, ISBN

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

uniquely stable resistivity with varying temperature. Additionally, TizQ3, which can

be pinkish in color, is known to have semiconductor type properties. However, these

materials have not found utilization becauseoftheir difficult manufacture in films and

their susceptibility to oxidation. Further, Tig07 demonstrates both useful electrical

conductivity and unusualresistance to oxidation. TisO7, 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 oftitanium oxide and suboxide films, with or
withoutrare earth doping, has been significantly limited by previously available thin

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

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

applications:

[0006] Currentpractice for construction of capacitor and resistor arrays and for

thin film energy storage devicesis to utilize a conductive substrate or to deposit the

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

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

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

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

materials. |

[0007]|Materials such as chrome-silicon monoxideor tantalum nitride are known

to provideresistive layers with 100 parts per million or less resistivity change per

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

dielectric materials such as silica, silicon nitride, alumina, or tantalum pentoxide can

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

k of less than about twenty four (24). In contrast, TiO2 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 TiODielectric Films,”

2
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Appl. Phys Lett., Vol. 74, no. 20, p. 3041-43 (May 17, 1999).

[0008] It is well knownthat the dielectric strength of a material decreases with
increasing valueofdielectric constantk forall dielectric films. A “figure of merit’ (
FM) is therefore obtained by the productofthe dielectric constant k andthe dielectric
strength measured in Volts per cm ofdielectric thickness. Capacitive density of
10,000 to 12,000 pico Farads /mm‘is very difficult to achieve with present
conductors and dielectrics. Current practice for reactive deposition oftitanium oxide

has achieved a figure-of-merit, FM,of about 50 (k MV/cm). See J.-Y. Kim et al.,

“Frequency-Dependent Pulsed Direct Current Magnetron Sputtering of Titanium
Oxide Films,” J. Vac. Sci. Technol. A 19(2), Mar/Apr 2001.

[0009] Therefore, there is an ongoing need for titanium oxide and titanium sub-
oxide layers, and rare-earth dopedtitanium oxide andtitanium sub-oxide layers, for
various applications.

Summary

[0010} In accordancewith the present invention, high density oxide films are

" deposited by a pulsed-DC,biased, reactive sputtering process from a titanium
containing target. A method of forming a titanium basedlayer 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 TiO. 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 between about 1 and about 7.
[0011] In some embodimentsofthe invention, the figure of merit of the layer is
greater than 50. In some embodiments ofthe invention, the layer can be deposited
between conducting layers to form a capacitor. In some embodimentsofthe

invention, the layer includesat 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
formalight-emitting device. In some embodiments ofthe invention, the erbium

dopedlayer can be an optically active layer deposited ona light-emitting device. In
some embodimentsofthe invention, the layer. can be a protective layer. In some

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

{9012} In some embodimentsofthe invention, the layer and a TiO2 layer can be

deposited between conducting layers to form a capacitor with decreasedroll-off

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

TiO, layer can be a layer deposited according to some embodimentsofthe present
invention. |

{0013} These and other embodiments ofthe present invention are further

discussed below with reference to the following figures.

Short Description of the Figures

[0014] Figures 1A and 1B illustrate a pulsed-DC biased reactive ion deposition

apparatusthat can be utilized in the deposition according to the present invention.

[0015] Figure 2 shows an example ofa target that can be utilized in the reactor

illustrated in Figures 1A and 1B.

{0016} Figures 3A and 3B illustrate various configurations of layers according to
embodiments ofthe present invention.

[0017] Figures 4A and 4Billustrate further various configurations of layers

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}—Figure7illustrates the roll-off ofthe dielectric constant with decreasing

film thickness.

[0021]_—‘Figure8 illustrates data points from a bottom electrode that helps reduce or

eliminate the roll-off illustrated in Figure 7.

[0022] Figures 9A and 9Billustrate an SEM cross-section of a TisO7 target
obtained from Ebonex™ and an SEM crosssection of the TigO¢.s film deposited from

the Ebonex™ target according to the present invention.

[0023} Figure 10 showsthe industry standard of thin-film capacitor performance

in comparison with layers according to some embodimentsofthe present invention.

[0024] Figure 11 showsthe performanceofvariousthin films deposited according

4
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to the present invention in a capacitorstructure.

[0025] Figure 12 showsa cross-section TEM and diffraction pattern amorphous
and crystalline layers of TiO2 on nt++ wafers.

[0026] Figure 13 shows a comparisonofthe leakage current for TiO. films
according to embodimentsofthe present invention with and without erbium ion
doping.

[0027] Figures 14A and 14B show a photoluminescence signal measured from a
5000 A layer of 10% erbium containing TiO2 deposited from a 10% erbium doped
TiO conductive target and a photoluminescencesignal measured from the samelayer

after a 30 minute 250 °C anneal.

[0028] In the figures, elements having the same designation have the same or
similar functions.

Detailed Description

{0029} Miniaturization is driving the form factor of portable electronic
components. Thin film dielectrics with high dielectric constants and breakdown
strengths allow production of high density capacitor arrays for mobile
communications devices and on-chip high-dielectric capacitors for advanced CMOS

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

[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 of materials by pulsed-DC biased reactive ion depositionis
described in U.S. Patent Application Serial No. 10/101863, entitled “Biased Pulse DC

Reactive Sputtering of Oxide Films,” to Hongmei Zhang,etal., filed on March 16,
2002. Preparation of targets is described in U.S. Patent Application Serial No.
10/101,341, entitled “Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar

Applications,” to Vassiliki Milonopoulou,et al., filed on March 16, 2002. U.S.Patent
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Application Serial No. 10/101863 and U.S. Patent Application Serial No. 10/101,341

are each assignedto 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, whichis also herein incorporated by reference in

its entirety.

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

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

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

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

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

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

chamber. These AKTreactors can be modified such that pulsed DC (PDC) poweris .
supplied to the target and RF poweris supplied to the substrate during deposition of a

material film. The PDC powersupply 14 can be protected 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 power supply 14. In some embodiments, target 12 is a wide area

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

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

cathode when poweris appliedto 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 20is scanned across the top of target 12.

[0034] For pulsed reactive dc magnetron sputtering, as performed by apparatus 10,

the polarity of the power supplied to target 12 by powersupply 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 exceedsa critical frequency that depends on target

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

using reactive pulsed DC magnetron sputtering in apparatus 10.

[0035] Pulsed DC powersupply 14 can be any pulsed DC power supply, for example
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an AE Pinnacle plus 10K by Advanced Energy,Inc. With this example supply, up to
10 kW of pulsed DC powercan besupplied at a frequency ofbetween 0 and 350
KHz. In some embodiments, the reverse voltage is 10% of the negative target

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

5 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 power supply made by ENI, Colorado
Springs, Co.

[0037] Therefore,filter 15 can be a 2 MHz bandsinusoidal rejection filter. In some
embodiments, the bandwidth ofthefilter can be approximately 100 kHz. Filter 15,

therefore, prevents the 2 MHz powerfrom thebias to substrate 16 from damaging

powersupply 18.

[0038] However, both RF sputtered and pulsed DC sputtered films are not fully dense
and maytypically have columnar structures. These columnar structuresare

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 besubstantially eliminated or completely eliminated.

[0039] In the AKT-1600 based system, for example, target 12 can have an active size
of about 675.70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have
dimension about 400 X 500 mm. The temperatureofsubstrate 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 betweentarget 12 and substrate
16 can be between about 3 and about 9 cm. Process gas can beinserted into the

chamber of apparatus 10 at a rate up to about 200 sccm whilethe pressure in the

chamber of apparatus 10 can be held at between about .7 and 6 millitorr. Magnet 20

provides a magnetic field of strength between about 400 and about 600 Gaussdirected
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in the plane of target 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 dimension about 150 mm by 600 mm.

[0040] Figure 2 illustrates an example of target 12. A film deposited on a substrate

positioned on carrier sheet 17 directly opposed to region 52 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, where physical and

chemical uniformity provide refractive index uniformity, for example. Figure 2

indicates that region 52 oftarget 12 that provides thickness uniformityis, in general,
larger than region 24 of target 12 providing thickness and chemical uniformity. In
optimized processes, however, regions 52 and 24 may be coextensive.

[0041] In some embodiments, magnet 20 extends beyond area 52 in onedirection, 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 scannedoverthe entire extent oftarget 12, whichis

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

parallel to the plane of target 12.

[0042] The combination of a uniform target 12 with a target area 52 larger than the

area of substrate 16 can provide films ofhighly uniform thickness. Further, the

material properties of the film deposited can be highly uniform. The conditions of

sputtering at the surface oftarget 12, such as the uniformity of erosion, the average

temperatureofthe plasmaat the target surface and the equilibrationofthe target

surface with the gas phase ambientofthe 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 of uniform film thickness is greater than or equalto the region of
the film whichis to have highly uniform optical properties such as index ofrefraction,

density, transmission, or absorptivity.

[0043] Target 12 can be formed of any 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 compounds of
optical elements such as Si, Al, Er and Yb. Additionally, target 12 can be formed, for
example, from materials such asLa, 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 backingplate to form a target for apparatus 10. A wide area

sputter cathode target can be formed from a close packed array of smaller tiles. Target
12, therefore, may include any numberoftiles, 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 plasmaprocesses that may occur between adjacentonesofthe tiles. The
distance betweenthetiles oftarget 12 and the dark space anode or ground shield 19 in
Figure 1B can be somewhat larger so as to provide non contact assembly orprovide
for thermal expansion tolerance during processing, chamberconditioning, or

operation.
[0045] 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 be createdin region 51, which extends under the entire target 12. A
central region 52 oftarget 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 otherproperties(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 providesa 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 betypically
within 0.5 mm ofa planar surface.
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[0046] Figure 3Aillustrates 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 embodimentsof the present invention. In some embodiments,first

layer 102 can be a conducting protective layer and second layer 103 can bea titanium

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

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

energy storagesolid state devices can be accomplished with embodiments of
processes accordingto the present invention on a wide variety of substrates such as

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

reference to Figure 3B, layer 102 can be an 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 Tis07

between a conducting layer oftitanium, whichis substrate 101, and thedielectric

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

temperaturesubstrates result in high value planar capacitors and capacitor arrays with

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

useful for shielding and filtering and buffering high frequency and maybe used 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 ofTiO or Ti4O7 as layer 103 in Figure 3B,

deposited between a conducting layer oftitanium as layer 101 and a layer oftitania as

layer 102 ofFigure 3B can be deposited so as to provide an increasein the surface

smoothnessby planarization ofthe titanium in layer 101 or other metallurgical

conductive substrate layer 101 ofFigure 3B. Consequently, roughnessor asperity

10

Ex. 1052, Page 1060



Ex. 1052, Page 1061

WO 2004/106582 PCT/US2004/014524

based defects can be minimized oreliminated. As an example, charge injection from
a metallurgical electrode can be decreased at the interface with a dielectric. The
titanium based dielectric layer can be formed on a smooth conducting oxidelayer,

which according to sometheories can prevent charge depletion of the high k dielectric

layer,decrease point charge accumulation and support dipole formation at the
conductor-dielectric interface, sometimes referred to as dipole coupling. These

features are importantto preventtheroll-off of the dielectric strength of the dielectric

layer as the layer thickness is decreased below about 1000 A. It is consequently
useful in the formationofthin layers having high capacitive value.

[0050] A thick film of dielectric material may be deposited having a high
dielectric strength for the storage of electrical energy. Such energy is well known to

increases with the square of the applied Voltage. For example, in Figure 3B layer 102

can be a thick layer ofdielectric 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
proportion to it’s thickness, the energy storage also increases effectively as the square
ofthe thickness. It is shown that both record capacitancedensity andelectrical

energy storage density result forfilms according to the present invention. For thick
film applications, smoothing of the metallurgical electrode by a conductive sub-oxide
can decrease leakageat 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. Examplesof such
applications include electrolytic energy storage or as anactive electrode surface for
catalytic reactions and energy conversion suchasin the oxygen-hydrogenfuel cell.
Transparent oxides and semi-transparent sub-oxides can be deposited sequentially so
that the conducting sub-oxidesare protected by the transparent non-conducting oxides
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for purposes of photovoltaic or electrochromic energy conversion devices. It is well

known that organic based photovoltaic cells are enhanced by the presenceoftitania in

the organic absorbing layer. Layers according to the present invention can be utilized

both for the conductivity ofelectricity, the enhancement of the organic absorber, as

well as the overall protection of the device.

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

presence ofsunlight. However, in the course of such activity, 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 sucha

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

oxide can form an electrodeso that electric charge can be conducted to the oxide layer

for enhanced photochemical photalysis such as in an AC device, or for the purpose of

charge dissipation.

[0053] Protective conductive sub-oxide films oftitanium can also be deposited on

conductive and insulating substrates to protect them from harmful chemical attack

while acting as conductinglayers 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 unusuallevels of durability to mineral acid

solutions and other corrosive gassious or liquid environments. Hayfield, P.C.S.,

“Development of a New Material- Monolithic Ti,07 Ebonix Ceramic”, Royal Society

Chemistry, ISBN 0-85405-984-3, 2002 describes these in detail and discusses many

applications of the monolithic suboxides. Hayfield also explainsthat the basis of

conductivity of sub-oxidesis due to the presence ofthe Ti” cation in layers having

the stoichometry TiO. Ofthe several compositions, Ti,O7 in particular is known to

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

which would decreaseit’s conductivity, as well as reduction, which would decrease

it’s chemical durability. Therefore, as shown in Figure 3A, substrate 101 can be a
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metallurgical substrate such as aluminum ortitanium andlayer 102 can be Ti,07. 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 of Ti,07, can obtain a
similar composition as described above, measured as Tis0g.s. Similar useful levels of
chemical conductivity can be obtained. The sputtered film was dense, adherent, and
also displayed robust durability to immersionin 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 amorphoussputtered 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 overstructures 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 oftitanium 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.

[0056] The sputtered sub-oxides also have the advantage that they can be layered,
without removal from the vacuum system, with metallic titanium, other sub-oxides, as

well as TiO, for connection to electrical conduction and insulation. This feature

providestheutility of multiplayer depositions by integrated processes in one vacuum
chamber. Where thick films ofa 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. Ti2O3is a
semiconductor. The higher oxygen-containing Magnelli compositions obtain higher

resistivity as well as increased chemicalstability and robustness and can beutilized as
a resistive layer or as a protective, conductive layer.

[0057] Erbium doped TiO:is knownto display useful levels of
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photoluminescence. Andrare earth doped titanium oxide is known to display

decreased levels ofelectrical leakage current under conditionsofhighelectrical field.

Layer 102 ofFigure 3B, deposited according to some embodimentsofthe present

invention, then can be erbium doped TiO, and therefore displays very high level of

breakdown and very low leakage under electrical 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 formedaccording to the present invention are extremely useful for very high

field applications such as capacitors, high voltage dielectric batteries, and electro

luminescent devices and also for low-leakage devices.

{0058] A TiO orerebium-doped TiO target, target 12 ofFigure 1A, can be formed

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

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

mixed powderis then hipped undera controlled environment(for example hydrogen

or COQ,) to a high density to form tiles. As discussed above, suchtiles can be mounted

to form target 12. Additionally, other rare-earth doped titanium containing targets can

be formed in the same fashion.

[0059] As an example, a layer of erbium dopedtitania or titania containing alloy

deposited by meansofthe present invention, could be coupled as a continuous oxide

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 oxides sothat a light wave device might be

provided for the conversion ofelectrical energy to light energy. In another

embodiment, a titantum 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 ofthe

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

embodiment, layer 102 can bearare earth containing titanium oxide or sub oxide and

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

conversion ofblue light from a LED to yellow-green light by layer 102. In that case,
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layer 102 maybe cerium dopedtitanium oxide or sub-oxide. Partial absorption of the
blue light by Jayer 102 with conversion to yellow-green light by layer 102 would
result in a white light source. Other colors of light can be obtained by doping the
titanium oxide or sub-oxide with other rare earth ions.

[0061] Figures 4A and4Billustrate further stackings of layers according to
embodiments ofthe present invention. For example, layer 201 can be a Ti02
dielectric protective deposited over a conducting layer 103 on substrate 101. Figure
4B can showdielectric protective layer 201 deposited over conducting protective

layer 102 of TiO,, 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 resultis a better roll-off characteristic
than has previously been obtained.

[0062] In general, layer 102 can be formed ofany TixOy layer or rare earth doped
Ti,Oy layer according to the present invention. As illustrated here, layers of various
compositions ofTi,Oy, with or without rare-earth doping, have various properties. In
some embodiments ofthe invention, x can be between about 1 and about 4 and y can

be between about 1 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 and a
metal layer can be deposited overthe protective conducting layer 102. The resulting
capacitor stack has upper and lower smoothing due to the two TiO, layers and results
in improvedroll-off characteristics in the dielectric constant. Such capacitor stacks
can be very useful in energy storage devices.

[0064] Figure 6 showsa transistorstructure 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-offof the gate dielectric 404.

Example 1. Deposition of Ti,Q7 film

[0065] In this example, Ti,O7 films were deposited using a Pulse DC scanning

magnetron PVD processas was previously described in U.S. Application Serial No.

10/101,341. The target wasa about 1mm thick, about 16.5x12.5 mm’tiles of

titanium oxide target obtained from a sheet ofEbonex™ which compoundedofbulk

TisO7 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 1.3us to Sys

depending onthe pulsing 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. A100 Wat 2

MHz bias wassupplied to the substrate. The bias power supply can be an RF supply

_ produced by ENT.

[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 of the

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

determined using EDX to be TisO¢.8.

Example 2. Deposition of TiO2 on Ti-Ti4Q7 film Stack

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

DC scanning magnetron PVD processas waspreviously 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 51s depending onthe pulsing
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frequency. An ENI RF generator and ENI Impedance matchingunit 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 2x107 Torr. The substrate

temperature was below 200°C during deposition.

[0068] A systematic DOE (design of experiments) werecarried out on both n++
type bare Si wafers and Al metallized wafers. All n++ wafers were HF cleaned just
before loading into the chamber for deposition. A series of 150nm thick, Al films

were deposited onto the bare Si wafers using the same PVD system at low

temperature (<100°C).

[0069] The total PDC target power, pulsing frequency, 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 PDCtarget power was between 4 and 7 kW with

a pulsing frequency of between 100 and 250 kHz. The oxygen flow rate ranged from
30 to 60%. The bias power ranged from 0 to 300 W at 2 Mhz. Both dielectric

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

thickness in this DOE range from 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 TigO7 layer, and layer 104 is
TiO. Figure 7 shows the thickness dependenceofthe dielectric constant of layer

102, showing the roll off effect. The capacitance ofthe 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 measuredoptically. The
dielectric constant of layer 104 wasthen calculated from the measured capacitance.

As shown in Figure 7, the TiO; film thickness decreases, so does the dielectric

constant of the TiO, film.

[0071] However,this roll-off effect can be greatly reducedoreliminated in certain

embodimentsofthe present invention. Figure 8 showstwoadditional data points

shownascircles whichrepresent the dielectric constant of thin TiOlayers for layer

104 with Ti-Ti,07 deposited as layer 102 ofFigure 3B.
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Example 3. Deposition of TiO. on Ti-TiO, (x<2) film Stack

[0072] A layer of TiO, was deposited on a titanium coated substrate. About 2000

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

 

and bias power of 200W. After Ti deposition, Ti1O2 was deposited in the same

chamber without oxide burn in. This process resulted in a Ti-TiOy —TiO2 (y<2) film

stack. The k value of a 200Afilm was as high as 60.

[0073] Figures 9A and 9Billustrate an SEM cross-section of a Ti,O7 Ebonex™

target (Figure 9A) and an SEM cross section of the Ti,O¢.s layer (Figure 9B)

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

film shows smooth deposition ofthe 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 of TiO2 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 et al., J. Vac. Sci. Techn., A 19(2), Mar/Apr. 2001. The

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

described in Example 2 above.

Vba K FM

(Mv/cm)

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

or

Vapor Deposition

[0075] As can be seen from Table I, the breakdown voltage Vpu is significantly

Table I

Process

  
 

 
 
  with Bias

improved in layers according to the present invention. Further, the dielectric constant

ofthe resulting layer is also higher. The figure of merit (FM) then for the deposited
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layer was 288, very much higher than that report by Kim et al. The reference Kim et
al. was the reference reporting the best quality TiO:films available at the time of

filing of the prior application to which this disclosure claimspriority.
[0076] Figure 10 showsdataof capacitance made with layers according to the
present invention in processes as described in Example 2 above are shown in
comparison with available industry values. As is observed in Figure 10, layers of
TiO, deposited according to the present invention have higher dielectric breakdown
voltages than other dielectric filmsutilized in industry, which is represented by the
solid line. However, due to the roll-off in dielectric constant K in films below about

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

density above about 5000 or 6000 pF/mm2could not be achieved using thinner films.
This is also shown in Figure 7. .
[0077] However, combined with the use of a conductive sub-oxide and the higher
dielectric constant of thinnerfilms as shown in Figure 11, a capacitance density of

12000 pF/mm2 can be achieved with a 500 A thickness film and a capacitance density
of greater than 24000 pF/mm2 can be achieved with a 220 A film, as is shown in
Figure 11. These film stacks were deposited as described in Example 3 above.
[0078] Figure 12 shows a deposited layer 102 on a substrate 101 formed ofn+
silicon wafer. Layer 102 is formed of TiO2 deposited according to the present
invention. As shown in the SEM cross-section, the TiO2 layer shows severallayers.

A layer 1201 is formed of SiO2 formed on substrate 101 and is formed about 20 A
thick. An amorphouslayer 1202 of thickness 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 II tabulates data taken from a numberofbi-layer film such as that
shownin Figure 12 and completely amorphousfilms formed by repeatedinitial

deposition layers at cool deposition conditions. Films near 1000 A ofthickness are
compared anddisplay similar values for the dielectric constant. However, the
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amorphousfilm exhibits much higherdielectric 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
valuesof the dielectric constant and capacitance are nearly identical but again there is

a significantly higher breakdown voltage in the amorphousfilm, which results in a
significant improvementin the figure of merit for the amorphous films.

k FM Cc Breakdown|Film ;

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

335 429 705

Table Ii

Film

Thickness

(nm)

 
 
 

 

 
 

 
  

 
[00380] Therefore, it is clear that amorphous TiO; films have muchbetter

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

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

method of producing thick amorphous TiOlayers is to simply utilize a sequence of
low temperature depositions, halting the deposition prior to thermal heating ofthe

‘depositing film. However, this method can take a significant amount of production
time for thick films. Another embodimentofobtaining thick TiO2 amorphousfilmsis

to apply active cooling to the substrate in an amountsufficient to provide

continuously amorphous TiO;films.

[0081] Figure 13 shows a comparisonofthe leakage current for Ti02 films
according to embodimentsofthe 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% dopedfilm of 1000 A thickness was formed
with 60 sccm Ar, 6 sccm Oz, with a target power of 3 kW,bias power of 100 W,with

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

forming a coppertitanium 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 pure titanium target with no erbium

doping ona TaN substrate with a evaporated platinum upperelectrode. This structure |
of the 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 TiO

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

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

many orders of magnitude by addition of erbium.

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

580 nm and measurement at 1.53 jam, measured from a 5000Alayer 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 I showssimilar data for several layers deposited from

the erbium-doped TiO conductive target.

Table II

200

250

00

  

  
  

 

 
 

 
 

 
[0084] According to some explanationsofthe reduction of leakage currentin

 

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

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

leakage current electrons capable of causing ionization within the dielectric oxide

would be reducedbyelectroncollisions with erbium ions. Excited state ions haveat

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 which is the elemental form of heat.

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

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

Er doped TiOz deposited from the 10% Er doped TiO conductive target, as shown in
Table III.

[0085] Ascan be seen from the data in Table II, an erbium dopedlayer of
titanium oxide was shown to fluoresce strongly underoptical excitation by light of a

wavelength 580 nm, using a Phillips PhotoLuminescence Microscope, modelno.

PLM-100. The target was electrically conductive and sputtered at a higher rate and a

lower oxygenpartial pressure than characteristic of a metallic titanium target. One

example of the 10% doped film of2,032 angstroms was 60 sccm Ar, 6 sccm Oz, with

a target power of 3 kW,bias power of 100 W,with a deposition time of 300 sec.

[0086] The level of photoluminescence observed from the layer wassimilar to

that obtained in as-deposited and annealedfilms providing commercial levels of

optical absorption and fluorescencefor 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] Sucha device can be illustrated with Figure 3B, where layer 103 can be a

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

layer deposited according to embodimentsofthe present invention, and layer 104 can

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

insulating-metal (MIM) capacitor structure. Such a structure could function as a light

emitting layer under either DC or ACelectrical excitation. In another embodiment,

layer 103 can bea lift-off layer such as CaF2 or other organic material, layer 102 is
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the rare-earth doped TiO:layer, and layer 104 is absent, then uponlift-off or upon

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

photoluminescent applications can be provided over a selected device.
[0088] Thin films according to the present invention can be utilized in advanced
display devices, electrical energy storage and conversion, and to form optical and
electronic films with scratch resistance and barrier properties. Advanced display

product applications include OLED encapsulation, barriers for flexible polymer
substrates, outcoupling mirrorsand anti-reflection coatings, transparent conducting
oxides, and semiconducting materials for active matrix displays. Electrical energy

storage and conversion applications include high density capacitor arrays for mobile
communication devices, on-chip high “K” capacitors for advanced CMOS,andhigh

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

sensitive devices and durable bar code scanners and see-through sensors as well as
implantable biometric devices.
[0089] The embodiments describedin this disclosure are examplesonly and are
not intended to 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 applicationsare not intended to be limiting. One skilled in the art

may contemplate further applications orfilms that are intended to be within thespirit
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 forming a titanium based layer, comprising:

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

sputtering process on a substrate.

2. The method of claim 1, wherein the layer is TiOz.

3. The method of claim 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 method of claim 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 the at least one rare-earth ion includes erbium.

8. The methodofclaim 5, wherein the layer is deposited between conducting layers

to form a light-emitting device. .

9.’ The methodofclaim 5, wherein the layer is an optically active layer deposited on a

light-emitting device.

10. The method of claim 5, wherein the layer is an optically active layer applied to a

light-emitting device.

11. The method of claim 1, wherein the layer is a sub-oxide of Titanium.

12, The method of claim 11, wherein the figure of merit 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 method of claim 14, wherein the layer is an optically active layer deposited

on a light-emitting device.

19. The method of claim 14, wherein the layeris an optically active layer applied to a

light-emitting device.

20. The methodofclaim 2, wherein the layer is a protective layer.
21. The method of claim 20, wherein the protective layeris a catalytic layer.

22. The methodofclaim 20, wherein the protective layer includesat least one rare-

earth ion.

23. The methodofclaim 1, wherein the layer is Ti,O, wherein x is between about1

and about 4 andy is between about 1 and about7.

24. The method ofclaim 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 decreasedroll-off characteristics with decreasing thickness of

the TiO,layer.

26. The method of claim 23, wherein the TiO2 layer is an amorphouslayer deposited

by a pulsed DC,biased, reactive ion process.

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

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

29, The methodofclaim 27, whereinthe layer is deposited between conducting

layers to form a light-emitting device.

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

onalight-emitting device.

31. The method ofclaim 27, whereinthelayer is an optically active layer applied to a

light-emitting device. .
32. The methodofclaim 23, whereinthe layer is a conducting oxide.

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

layer is a protective layer.

34. The method of claim 33, wherein the protective layer is a catalytic layer.
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35. The method of claim 33, wherein the protective layer includesat 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 layer is a catalytic layer.

38. The methodofclaim 1, further including

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

temperature control.

40. The methodof claim 1, wherein the layer is an amorphouslayer.

41. The method of claim 1, wherein the substrate includes a transistor structure.:

42. A titanium based layer, comprising:

a layer compounded from titanium and oxygen deposited by pulsed-DC,

biased reactive sputtering process on a substrate.

43. The layer of claim 42, wherein the layer is TiO2.

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

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

to form a capacitor.

46. The layer of claim 43, wherein the layer includes at least one rare-earth ion.

47. 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 form a light-emitting device.

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

light-emitting device.

51. The layer of claim 46, wherein the layer is an optically active layerapplied to a
light-emitting device.

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

53. The layer of claim 52, wherein the figure of merit is greater than 50.

26

Ex. 1052, Page 1076



Ex. 1052, Page 1077

WO 2004/106582 PCT/US2004/014524

54. The layer ofclaim 52, wherein the layer is deposited between conducting layers

to form a capacitor.

55. The layer of claim 52, wherein the layer includes at least one rare-earthion.

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

to form a capacitor.

57. Thelayer ofclaim 55, wherein the at least one rare-earth ion includes erbium.

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

to form a light-emitting device.

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

light-emitting device. |
60. The layer ofclaim 55, wherein the layer is an optically active layer applied to a

light-emitting device.

61. The layer ofclaim 43, wherein the layeris a protective layer.

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

63. The layer ofclaim 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 about 4 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 ofclaim 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 decreased roll-off characteristics with decreasing thickness of

the TiO; layer.

67. The layer ofclaim 64, wherein the TiO2 layer is an amorphouslayer deposited by

a pulsed DC,biased, reactive ion process.

68. The layer of claim 64, wherein the layer includesat least one rare-earth ion.

69. The layer of claim 68, wherein the at least one rare-earth ion includes erbium.

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

to form a light-emitting device.

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

light-emitting device.
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72. The layer of claim 68, wherein the layer is an optically active layer applied to a

light-emitting device.

73. The layer of claim 64, wherein the layer is a conducting oxide.

74. The layer of claim 73, wherein the substrate is a conducting electrode and the

layer is a protective layer.

75. The layer of claim 74, wherein the protective layer is a catalytic layer.

76. The layer of claim 74, wherein the protective layer includesat least one rare-earth

ion.

77. The layer of claim 73, wherein the substrate is a dielectric and thelayer is 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 of claim 42, wherein the substrate includesa transistor structure.

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

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

84. The target of claim 83, further including at least one rare-earth dopant.

85. A methodofforming a target, comprising:

forming a TiO powder;

mixing the TiO powder to form a mix;

hipping the mix under a controlled atmosphere to form tiles; and

forming a target from thetiles.

86. The method of claim 85, further including mixingat 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.
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  EXPRESSMAIL LABELNO. |
__ EV 860819704 US |
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PATENT

CustomerNo. 22,852
Attorney Docket No. 9140.0016-00

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE
 

In re Application of:

ZHANG, Hongmeiet al. Group Art Unit: 2823

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE

SPUTTERING OF OXIDE FILMS

)
)
)
)

Application No.: 10/101,863 ) Examiner: ESTRADA,Michelle
)
)
)
) Confirmation No.: 6938
)

MAIL STOP AMENDMENT

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

SEVENTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER 37 C.E.R.§ 1.97(b)

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

Examiner the documents onthe attachedlisting. This Information Disclosure Statementis being

filed before the mailing date ofa first Office Action after the filing of a Request for Continued

Examination in the above-referenced application.

A copy of the documentcited is enclosed.

Applicants respectfully request that the Examiner consider the listed document and

indicate that it was considered by making appropriate notations on the attached form.

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

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

constitute "prior art." If the Examiner applies any of the documentsas priorart against any
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claimsin the application and Applicants determine that the cited documents do not constitute

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

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

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

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

applied against the claims of the present application.

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

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,

Dated: February 28, 2006  
Reg. No. 41,008
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PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE
 

In re Application of:

ZHANG,Hongmeietal. Group Art Unit: 2823

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE

SPUTTERING OF OXIDE FILMS

)
)
)
)

Application No.: 10/101,863 ) Examiner: ESTRADA,Michelle
)
)
)
) Confirmation No.: 6938
)

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandra, VA 22313-1450

Sir:

EIGHTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER37 C.F.R. § 1.97(b)

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

Examiner the documents on the attached listing. This Information Disclosure Statementis being

filed before the mailing date of a first Office Action after the filing of a Request for Continued

Examination in the above-referenced application.

A copy of the documentcited is enclosed.
Applicants respectfully request that the Examinerconsider the listed document and

indicate that it was considered by making appropriate notations on the attached form.

This submission does not represent that a search has been madeorthat nobetterart exists

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

constitute "prior art." If the Examiner applies any of the documentsasprior art against any
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claims in the application and Applicants determine that the cited documents do not constitute

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

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

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

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

applied against the claimsof the present application.

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

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

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

 
Dated: March 3, 2006 By:

aw J. Edwards

Reg. No. 41,008

 |EXPRESSMAIL LABELNO.
|__EV-860819633US
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450www.uspto.gov

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

10/101,863 03/16/2002 Hongmei Zhang M-12245 US 6938

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

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

DATEMAILED:03/22/2006

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

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)

40/101,863 ZHANGETAL.

Office Action Summary Examiner Art Unit

Michelle Estrada 2823

_ «= The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
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 oftime may be available under the provisions of 37 CFR 1.136(a). In no event, however, maya reply be timely filed

after SLX (6) MONTHSfrom the mailing date of this communication.
- IfNO period for 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).
Any reply received by the Office later than three monthsafter the mailing date of this communication, eveniftimely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s)filed on 24 February 2006.
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

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

Disposition of Claims

4)X] Claim(s) 2-14 and 21-24 is/are pending in the application.

4a) Of the above claim(s)___ is/are withdrawn from consideration.
5) Claim(s) 14 is/are allowed.
6)X] Claim(s) 2-14 and 21-24 is/are rejected.
7)L) Claim(s)____ is/are objected to.

8) Claim(s) ___ are subject to 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 requiredif the drawing(s) is objected to. See 37 CFR 1.121(d).

11)C] 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)L) Acknowledgmentis madeof a claim forforeign priority under 35 U.S.C. § 119(a)-(d)or(f). ,
a)LIA b)L] Some*c)LJ Noneof:

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] Copiesofthe certified copies of the priority documents have beenreceived 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) C) interview Summary (PTO-413)
2) LJ Noticeof Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.__
3) EX] information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) _ 8) L] Notice of informal Patent Application (PTO-152)

P No(s)/Mail Date 2/24/06, 2/27/06, : . Other:aper No(s)/Mail Date “ 2)28 06, 3 3]oe 6)(] Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20060316
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Application/Control Number: 10/101,863 Page 2
Art Unit: 2823

DETAILED ACTION

Continued Examination Under 37 CFR 1.114

A request for continued examination under 37 CFR 1.1 14, including the fee set

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this

application is eligible for continued examination under 37 CFR 1.114, and the fee set

forth in 37 CFR 1.17(e) has-been timely paid, the finality of the previous Office action

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submissionfiled on 2/24/06

has been entered.

Claim Rejections - 35 USC § 103

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

obviousnessrejections set forth in this Office action:

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

| Claims 10-13 and 21 rejected under 35 U.S.C. 103(a) as being unpatentable

over Smolanoff et al. (6,117,279) in view of Fu et al. (6,306,265).

With respect to claim 21, Smolanoff et al. disclose providing pulsed DC power

(21) through a filter (22) to a target (16) (Col. 5, lines 50-55); providing RF bias power to —

a substrate (15) positioned. opposite the target (Col. 5, lines 60-65); providing process:
gas betweenthe target and the substrate (Col. 7, lines 25-28); wherein the filter protects

a pulsed DC power supply (21) from the bias power, and wherein a plasma is created
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Application/Control Number: 10/101,863 i Page 3
Art Unit: 2823

by application of the pulsed DC powerto the target (Col. 6, lines 8-13); and wherein the
film is deposited by exposure of the substrate to the plasma (Col. 6, lines 30-33). |

Smolanoff et al. do not clearly disclose wherein conditioning the target includes

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

sputtering with the target in a poisonous modeto prepare the surface.

Fu et al. disclose wherein conditioning the target includes sputtering with the

target in a metallic mode to remove the surface of the target and sputtering with the
target in a poisonous modeto prepare the surface (Col. 19, lines 35-40).

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

the teachings of Smolanoff et al. and Fu et al. to enable the conditioning step of

Smolanoff et al. to be performed according to the teachings of Fu et al. because one of

ordinary skill in the art would have been motivated to look to alternative suitable
methods of performing the disclosed conditioning step of Smolanoff et al. and art |

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

combine. See MPEP 2144.07.

With respect to claim 8, Smolanoff et al. disclose wherein the process gas
includes a mixture of oxygen and argon (Col. 7, lines 21-27).

With respect to claim 10, Smolanoff et al. disclose wherein the process gas
further includesnitrogen (Col. 7, lines 25-26). |

With respect to claim 11, Smolanoff 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. 1).
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Application/Control Number: 10/101,863 Page 4
Art Unit: 2823

With respect to claim 12, Smolanoff et al. disclose further including uniformly

sweepingthe target with a magnetic field (Col. 6, lines 4-7).
With respect to claim 13, Smolanoff et al. disclose wherein uniformly sweeping

the target with a magnetic field includes sweeping a magnetin one direction across the

target where the magnet extends beyond the target in the opposite direction (Col. 6,

lines 1-6).

Claims 2-6 and 22-24 are rejected under 35 U.S.C. 103(a) as being unpatentable

_ over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21 above,

and furtherin view of Fukui et al. (5,755,938).

With respect to claims 2-4, 6 and 22-24, One of ordinary skill in the art would
have been ied to the recited temperature, DC power, gas flow, time pulse and bias

powerto routine experimentation to achieve a desire layer thickness, device dimension,

device associated characteristics and device density on the finished wafer in view of the
range of values disclosed.

In addition, the selection of temperature, DC power, gasflow, time pulse and bias

power, its obvious becauseit is a matter of determining optimum process conditions by

routine experimentation with a limited number of species of result effective variables.

These claims are prima facie obvious without showing that the claimed ranges achieve

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935,

1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir.

1996)(claimed ranges or a result effective variable, which do not overlap the prior art
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Application/Control Number: 10/101,863 . Page 5
Art Unit: 2823

ranges, are unpatentable unlessthey produce a new and unexpected result which is

different in kind andnot 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 arf general conditions is

obvious).

Note that the specification contains no disclosure of either the critical nature of |

the claimed temperature, DC power, gas flow, time pulse and bias power or any
unexpected results. arising therefrom. Where patentability is said to be based upon

particular chosen temperature, DC power, gas flow, time pulse and bias power or upon
; another variable recited in a claim, the Applicant must show that the chosen

temperature, DC power, gasflow, time pulse and bias powerare critical. In re Woodruf,
919 F.2d 1575, 1578, 16 USPQ2d1934, 1936 (Fed. Cir. 1990).

With respect to claim 5, Smolanoff et al. do not specifically disclose wherein the

filter is a band reject filter at the frequency of the bias power..-

Fukui et al. disclose a sputtering process wherein the DC power supply (28) is

connected through a band-pass filter (27) at the frequency of the bias power. .

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

the teachings of Smolanoff et al. and Fukui et al. to enable the filter type of Smolanoff et

al. to be the same according to the teachings of Fukui et al. because one of ordinary

skill in the art would have been motivated to look to alternative suitable types offilters
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Application/Control Number: 10/101 ,863 . . .  Page6é
Art Unit: 2823

for the disclosed filter step of Smolanoff et al. and art recognized suitability for an

intended purpose has been -recognized to be motivation to combine. See MPEP

2144.07.

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21 above, and
further in view of Le et al. (2003/0077914).

The combination of Smolanoff et al. and Fu et al. does not disclose wherein the

film is an upper cladding layer of a waveguide structure and the bias poweris optimized

to provide planarization.

With respect to claim 7, Le et al. disclose wherein the film is an upper cladding

layer ofa waveguide structure and the bias poweris optimized to provide planarization

Page 5, Paragraph [0075].

It would have béen within the scope of oneof ordinary skill in the art to combine

the teachings of Smolanoff et al., Fu et al. and Le et al. to enable the film material of

Smolanoff et al. to be the same according to the teachings of Le et al. because one of

- ordinary. skill in the art would have been motivated to look to alternative suitable film

materials for the disclosed film formation step of Smolanoff et al. and art recognized

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

See MPEP 2144.07.

With respect to claim 9, Le etal. disclose wherein the oxygen flow is adjusted to

adjust the index of refraction of the film (Page 5, Paragraph [0076)).
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Application/Control Number: 10/101,863 Page 7
Art Unit: 2823 |

Allowable Subject Matter

Claim 14 is allowed.

Conclusion

Any inquiry concerning this communication or earlier communications from the

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

1858. Tne 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.

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).

PMubulle
ichelle Estrada

Primary Examiner
Art Unit 2823

ME
March 16, 2006
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PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

ZHANG,Hongmeietal. Group Ast Unit: 2823

Application No.: 10/101,863 Examiner: ESTRADA,Michelle

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE Confirmation No.: 6938

)
)
)
)
)
)
)

)
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 22, 2006, Applicants proposethat this

application be amendedas follows:

Amendmentsto the Claimsare reflected in the listing of claims in this paper beginning

on page 2.

Remarks/Arguments follow the amendmentsections of this paper beginning on page 6.

Attachmentto this amendmentinclude Declaration of R. E. Demaray under 37 C.F.R.

§1.132.
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AMENDMENTSTO THE CLAIMS:

This listing of claims will replaceall prior versions andlistings of claimsin the

application:

1. (Cancelled)

2. (Previously presented): The method of Claim 21, further including holding the temperature

of the substrate substantially constant.

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC powerthrough

the filter includes supplying up to about 10 kW of powerat a frequency of between about 40 kHz

and about 350 kHz anda reverse time pulse between about 1.3 and 5 us.

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias powerto the

substrate includes supplying up to 1000 W of RF powerto the substrate.

5. (Canceled).

6. (Previously presented): The method of claim 4, wherein the RF bias power is zero.

7. (Previously presented): The method of Claim 21, wherein the film is an upper cladding layer

of a waveguidestructure and the RF bias poweris optimized to provide planarization.

8. (Previously presented): The method of Claim 21, wherein a process gas of the process gas

flow includes a mixture of Oxygen and Argon.

9. (Previously presented): The method of Claim 8, wherein the mixture is adjusted to adjust the

index ofrefraction ofthe film.

10. (Previously presented): The method of Claim 8, wherein the mixture further includes
nitrogen.

11. (Previously presented): The method of Claim 21, wherein applying pulsed DC powerto the

target includes adjusting pulsed DC powerto a target which has anarea larger than that of the

substrate.
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12. (Previously presented): The method of Claim 21, further including uniformly sweeping the

target with a magneticfield.

13. (Previously Presented): The method of Claim 12, wherein uniformly sweepingthe target

with a magnetic field includes sweeping a magnetin one direction across the target where the

magnet extends beyondthe target in the opposite direction.

14. (Previously Presented): A method of depositing a film on a substrate, comprising:

providing pulsed DC powerthroughafilter to a target;

providing RF bias powerto a substrate positioned opposite the target; and

providing process gas between the target and the substrate, and

depositing a film on the backsideofthetarget,

wherein the filter protects a pulsed DC power supply from the bias power, and

wherein a plasmais created between the target and the substrate.

15.-20. (Cancelled).

21. (Currently amended): A methodof depositing a film on a substrate, comprising:

conditioning a target;

preparing the substrate;

adjusting an RF bias powerto the substrate;

setting a process gas flow; and

applying pulsed DC powerto thetarget through a filter to create a plasma and deposit the

film,

wherein conditioning the target includes sputtering with the target in a metallic modeto

removethe surface of the target and sputtering with the target in poisonous modeto prepare the

surface, and

wherein thefilter is a band rejectionfilter at a frequency of the bias power.

22. (Previously Presented ): The method of Claim 21, wherein setting the process gas flow

includes adjusting constituents in order to adjust the index of refraction ofthe film.

23. (Previously Presented): The method of Claim 21, wherein applying pulsed DC power

-3-
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includessetting the frequency in order to adjust the index of refraction of the film.

24. (Previously Presented): The method of Claim 21, further including adjusting a temperature

of the substrate in order to adjust the index ofrefraction of the film.

25.-39,. (Canceled).

40. (New): The methodof claim 21, wherein the band rejectionfilter is a narrow band-pass

filter.

41. (New): The method of claim 21, wherein a bandwidth of the band rejection filter is about

100 kHz.

42. (New): The methodof claim 21, wherein the frequency of the RF bias is about 2 MHz.

43. (New): A method of depositing a film on a substrate, comprising:

preparing the substrate;

adjusting an RF bias powerto the substrate;

setting a process gas flow; and

applying pulsed DC powerto a target through a bandrejection filter at a frequency of the

bias power.

44, (New): The method of claim 43, wherein a bandwidth ofthe bandrejectionfilter is about

100 kHz.

45. (New): The method of claim 43, wherein the frequency of the RF bias is about 2 MHz.

46. (New): The method of Claim 43, wherein applying pulsed DC powerincludes supplying up

to about 10 kW of powerat a frequency of between about 40 kHz and about 350 kHz and a

reverse time pulse between about 1.3 and 5 us.

47. (New): The method of Claim 43, further including holding the temperature of the substrate

substantially constant.

48. (New): The method of Claim 43, wherein adjusting an RF bias powerto the substrate

includes supplying up to 1000 W of RF powerto the substrate.

-4-
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49. (New): The method of Claim 43, further including uniformly sweeping the target with a

magnetic field.

50. (New): The method of Claim 49, wherein uniformly sweeping the target with a magnetic

field includes sweeping a magnetin one direction across the target where the magnet extends

beyond the target in the opposite direction.

-5-
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REMARKS

Claims 2-14 and 21-24 are pending in this application. The Examinerhas allowed claim

14 and rejected claims 2-14 and 21-24. Applicants have amended claim 21, canceled claim 5,

and added newclaims 40-50. Applicants traverse the Examiner’s rejection and request

reconsideration of the pending claims.

Information Disclosure Statement

Oneofthe references cited in the Seventh Supplemental Information Disclosure

Statement submitted on February 27, 2006, was not initialed by the Examiner. Therefore,

Applicants have listed such reference for the Examinerto initial in the enclosed Ninth

Supplemental Information Disclosure Statement.

Additionally, the Examinerstates the Daycoreference“Responseto Office Action filed

February 17, 2006 in U.S. Application No. 11/100,856 (Attorney Docket No. 09140.0015-01)”

wasnotattached with the Eighth Supplemental Information Disclosure Statementfiled on

February 28, 2006. Therefore, Applicants have provided a copy and re-listed such Dayco

reference on the attached Ninth Supplemental Information Disclosure Statement for the

Examiner’s initials.

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

The Examinerhas rejected claims 2-13 and 21-24 under 35 U.S.C.§ 103 over various

combinations of Smolanoffet al. (U.S. Patent No. 6,117,279), Fu et al. (U.S. Patent No.

6,3065,265), Fukui et al. (U.S. Patent No. 5,755,938), andLe et al. (U.S. Application No.

2003/0077914). Specific rejections are further discussed below.

In making a rejection under 35 U.S.C. § 103(a), the Examiner mustestablish the three

elements of a primafacie case of obviousness. MPEP § 2142. First, the Examiner must show

that the prior art references teach all elements of the claims. Second, the Examiner must show

-6-
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that the prior art provides the reason or motivation to make the claimed combination. The mere

fact that references can be combined doesnotcreate a primafacie case of obviousness.

Moreover, the motivation to combine cannot comefrom the applicant’s own disclosure but must

comefrom the priorart itself. Additionally, no motivation to combine references exists where

doing so would renderoneofthe priorart references unsatisfactory for its intended purpose.

Third , the Examiner must provethat there is a reasonable expectation of success in combining

the prior art references. As further discussed below, the Examiner has not metthis burden.

I. Claims 2-4, 6-13, and 21-24 are allowable because the cited prior art does notcollectively

teach all of the elements of the claims.

Claims 2-6, 8, 10-13, and 21-24 

The Examinerhasrejected claims 8, 10-13, and 21 under 35 U.S.C. 103(a) as being

unpatentable over Smolanoffet al. (6,117,279) in view of Fuet al. (6,306,265). Claims 2-6 and

22-24 are rejected over Smolanoffet al in view of Fuet al. as applied to claims 8, 10-13, and 21
and further in view of Fukuietal. (5,755,938). Claim 21 has been amendedtorecite “a band

rejection filter at a frequency of the bias power,” which is substantially the limitation of claim 5.

Claim 5 has been canceled.

As the Examinerstates, Smolanoff does not teach “a band rejection filter at a frequency

of the bias power,”asis recited in claim 21. (See, Office Action, page 5). As stated in the

Declaration of Ernest Demerayfiled with this amendment under 37 C.F.R. §1.132, the filter

protecting the pulsed DC powersupply from the RF powerofthe bias is an aspect of the claimed

invention. The filter must pass the pulsed DC signal without unduly affecting the shape of that

signal while rejecting the RF power. Therefore,.the filter passes all frequencies except for the

-7-
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frequency of the bias poweritself. As stated in the Declaration of Ernest Demeray,otherfilter

designs resulted in a distortion of the pulsed DC signal or in leakage of RF powerback to the

pulsed DC powersupply -- resulting in the catastrophic failure of the powersupply.

The Examinerrelies on Fukui for this element. However, Fukui does not teach a “band

rejection filter at a frequency of the bias power.” Asstated in Fukui,

[a]lso connectedto the first electrode 20 is a de power supply 28
through a band-passfilter 27 such as a low-passfilter for
adjustment of impedance. The band-passfilter 27 serves to adjust
the circuit impedance to have an infinite value so that no RF waves
are superposed on a dc powerfrom the de power supply 28.

(Fukui, col. 6, lines 31-36). Fukui teaches a bandpassfilter, specifically a low-pass filter, which

would not protect the DC power supply from RF and which would unreasonably distort the

pulsed-dc shape. Further, there is no indication that the band-passfilter of Fukuiis related to the

frequency of the bias power supply. A bandpassfilter, below at or above the frequencyofthe

RF bias, will not protect the pulsed DC power supply from catastrophic failureas a result of the

RF power. Further, a band passfilter does not allow the broad frequency range required for the

square waveof the pulsed-DC supplyto reach the substrate.

Therefore, as discussed above, claim 21 is allowable over Smollanoff, Fu, and Fukui.

Claims 2-4, 6-13, 22-24, and new claims 40-41 depend from claim 21 and are therefore

allowable for at least the same reasonsasis claim 21.

Claims 7 and 9

The Examinerrejected claims 7 and 9 under 35 U.S.C. § 103(a) as being unpatentable

over Smolanoffet al. in view of Fu et al. as applied to claims 8, 10-13, and 21, and further in

view of Le et al. (2003/0077914). Claims 7 and 9 depend from claim 21. Le does not cure the

defects in the teachings of Smolanoff , Fu, or Fukui.
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New Claims

Claims 42-50 have been addedto this application. Claim 42is similar in scope to claim

21 except for the limitation regarding conditioning the target. Claims 43-50 are similar to

dependent claims from claim 21. Therefore, claims 42-50 are allowable over the citedart.

Conclusion

In view of the foregoing remarks, Applicants submit that this claimed invention, as

amended,is neither anticipated nor rendered obviousin view ofthe prior art references cited

against this application. Applicants therefore request the entry of this Amendment, the

Examiner's reconsideration and reexamination ofthe application, and the timely allowance ofthe

pending claims.

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,
GARRETT & DUNNER,L.L.P.

Dated: June 12, 2006 By:
Gary J. EdWards
Reg. No. 41,008

Attachment: Declaration of Dr. R.E. Demaray under 37 C.F.R. §1.132

EXPRESS MAIL LABEL NO.

EV 860818108 US
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PATENT

Customer No. 22,852

Attorney Docket No. 9140.0016-00

a
JUN 12 2005

   Ceaporte

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

ZHANG,Hongmeiet al. Group Art Unit: 2823

Filed: March 16, 2002

For. BIASED PULSE DC REACTIVE Confirmation No.: 6938

)
)
)
)

Application No.: 10/101,863 ) Examiner: ESTRADA,Michelle
)
)
)
)

SPUTTERING OF OXIDEFILMS )

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Declaration of Dr. R. E. Demaray under 37 C.F.R. §1.132

I, Dr. R. Ernest Demaray, declare as follows:

1. Iam currently the President and Chief Technology Officer of Symmorphix,Inc., and have

served as the Chairman of the Board, the Chief Executive Officer, and the Chief Technology

Officer during the history of Symmorphix,Inc. I have been with Symmorphixforthepast eight

years. I was previously employed at Applied Materials, Inc., of Santa Clara as General Manager

and ManagingDirector of the PVD division of Applied Komatsu. Since receiving myB.S.in

Physical Chemistry in 1972, I have worked in the semiconductor equipmentfield for more than

34 years. I received a Ph.D. in Chemical Physics from the University of California at Santa Cruz

in 1977.

2. Iam aninventor of U.S. Application Serial No. 10/101, 863. At Symmorphix, my co-

inventors and I developed a pulsed-DC, RF-biased deposition apparatus and various deposition

methodsutilized in that apparatus for deposition of thin film oxides and dielectrics. To my

knowledge, the combination of pulsed-DC with RF bias applied to the substrate of an RF power
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applied to the deposition chamberhadnotbeen disclosed or demonstrated previous to my

invention.

3. During developmentof the deposition chambers and methodsclaimedin this application, we

damaged a number(morethan six units) of pulsed-DC power supplies due to RF bias power

coupling through the plasmainto the pulsed-de power supply. Weutilized the Advanced Energy

Pinacle Plus power supply, which produced a 10 kW square waveat a frequencyof from 180

kHz to 300 KHz together with a pulse reverse time from 1.3 to 5.0 usec. Utilizing a band-pass

filter between the pulsed-DC power supply and the plasma, however,will not protect the pulsed-

DC powersupply from the RF bias and will also unduly distort the square-waveofthe pulsed-

DC powersignal applied to the target, which detrimentally affects the deposition conditions.

4. My co-inventors and I developed the band-rejection filter described in the specification and

claimed in U.S. Application Serial No. 10/101, 863 to overcomethe problem ofcatastrophic

failure of the pulsed-DC powersupply output electrometer circuit during operation. We

discovered that a band-rejectionfilter, whichis a filter that passes all of the frequencies of the

square wave power supply except within a narrow band centered on the RF frequency of the RF

bias, protected the pulsed-DC powersupply from the RF energy while not distorting the pulses

generated by the pulsed-DC powersupply applied to the target.

5. I have further studied the art cited by the Examiner, namely Smolanoffet al. (U.S. Patent No.

6,117,279) (Smolanoff), Fu et al. (U.S. Patent No. 6,306,265) (Fu), Fukui et al. (U.S. Patent No.

5,755,938) (Fukui), and Leet al. (U.S. Publication No. 2003/00779 14) (Le). None of these

references teach a pulsed-DC system that allows an RF bias in a fashion that would not damage

the pulsed-DC powersupply if actually implemented as shown and described. Noneof these

references describe a band-rejection filter at a frequency of the bias power.

6. Smolanoff discloses a reactor where the target is coupled through a filter to a DC source. No

description of the filter is provided. However, in the chamber described in Smolanoff, RF power

can be supplied to the target, to a secondary plasma generated below the target, and to the
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substrate itself. A pulsed-DC power supply without the protection disclosed in the present

application would catastrophically fail under these conditions. .

7. Fu describes a PVD sputtering chamber with no pulsed-de andnofilter to protect a pulsed-de

powersupply. Therefore, Fu also does not describe a band rejectionfilter centered at the

frequency of an RFbias.

8. Fukui describes a band-passfilter (specifically a low pass filter) coupled between the pulsed-

de power supply andthe filter. Again, a band-pass filter does not protect the pulsed-DC power

supply, as is required, and will distort the pulsed-DC square wave. Further, Fukui indicates that

“{t]he band-passfilter 27 serves to adjust the circuit impedance to have an infinite value so that
no RF wavesare superposed on a de power from the de power supply 28.” (Fukui, col. 6, lines

33-36). This is quite the opposite of what occurs in our applications, where the RF signal is

superimposed on the pulsed DC powersignal in the plasma, to which the substrate is exposed.

Therefore, Fukui does not teach a band-rejection filter at the frequency of the RF bias.

9. Le describes neither a biased powernora filter and simply teaches an un-biased deposition

process. Therefore, Le does not teach a bandrejection filter.

10. I hereby declare that all statements made herein ofmy own knowledgearetrue andthatall

statements made on information andbelief are believed to be true; and further that these

statements were made with the knowledgethat willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States

Code, and that such willful false statements may jeopardize the validity of the application or any

patent issued thereon.

  
Date, t By: A

R. Ernest Demaray
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PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00

 
IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of:

ZHANG, Hongmeietal. Group Art Unit: 2823

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE Confirmation No.: 6938

)
)
)
)

Application No.: 10/101,863 ) Examiner: ESTRADA,Michelle
)
)
)
)

SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT
- Commissioner for Patents

—— P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

NINTH 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 Ninth Supplemental 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 Commissioneris hereby

authorized to charge the fee of $180.00 to Deposit Account No. 06-0916 as specified by

Section 1.17(p).

Copies of the listed foreign and non-patent literature documents are attached. Copies of

the U.S. patents and patent publications are not enclosed.

06/15/2006 HAHMED! 00000056 060916 10101863

O01 FC:1806 180.00 DA
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Applicants respectfully request that the Examiner consider the listed documents and

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

This submission does not represent that a search has been madeorthatno better art exists

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

constitute "priorart." 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 theright 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 withthe filing of this Statement, please charge the

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

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

  
 

Dated: June 12, 2006 By:
 J. Edwards

Rég. No. 41,008

EXPRESS MAIL LABEL NO. |
EV 860818108 US

-2-
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PATENT ABSTRACTS OF JAPAN

(11) Publication number. 97224379 A

 

(43) Date of publication of application: 22.08.95

 
 
 
(51) Int Cl C23C 14/34 

 
 
 
 
 
 
 
 
 

  

 

(21) Application number: 06017653 (71) Applicant ULVAC JAPAN LTD
(72) Inventor: OTA ATSUSHI

HAGA HIDEAKI
TANI NORIAKI
SUU KOUKOU

KOMATSU TAKASHI
NAKAMURA KYUZO
MOMONO TAKESHI
KAWAMURA HIROAKI
SUZUKI IKUO
IKEDA SATOSHI
ISHIKAWA MICHIO
OTA YOSHIFUMI

MATSUMOTO MASAHIRO

(22) Dateoffiling: 14.02.94

(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 conductive target are
opposedin a vacuum treating chamber, and the targetis
sputtered in a gaseous reactant atmosphere by DC
sputtering to form a thin film on the substrate. In this case, 50100 np’a device with a power sourceto apply a positive potential BRR Orie) { 5,
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
plasmais attracted by the positive potential to neutralize
the plus ion accumulated on the insulator and
high-resistancefilm, and the abnormal discharge due to
an arc dischargeis not generated.

 
COPYRIGHT:(C)1995,JPO

mimosa
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- PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Applicationof:

ZHANG, Hongmeietal. Group Art Unit: 2823

Filed: March 16, 2002 ~

For: BIASED PULSE DC REACTIVE

SPUTTERING OF OXIDE FILMS

)
)
)
)

Application No.: 10/101,863 ) Examiner: ESTRADA, Michelle
)
)
)
) Confirmation No.: 6938
)

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

TENTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER37 C.F.R.§ 1.97(c)

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

Examiner the documentsonthe attachedlisting. This Tenth Supplemental 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 Commissioner is hereby

authorized to charge the fee of $180.00 to Deposit Account No. 06-0916 as specified by

Section 1.17(p).

Copiesofthe listed foreign and non-patent literature documents are attached. Copies of

the U.S. patents and patent publications are not enclosed.

9186316 108

7/19/2006 RAEBRANT gooooi0t 9o080
490.00 tA

o1 For1806
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Appl. No. 10/101,863
Atty. Docket No. 9140.0016-00

Applicants respectfully request that the Examiner consider the listed documents and

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

This submission does not represent that a search has been madeorthat no better 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 documentsas priorart against any

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

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

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

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

of the disclosed invention 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 inconnection with the filing of this Statement, please charge the

fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,

 Dated: July 13, 2006 By:
Gafy J. Edwafds

Reg. N6é. 41,008
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Bt Complete ifKnown
ey)FGgplcationNumber|107101863

} [AijingDate|March 16, 2002
~ ZHANG, Hong

STATEMENT BY APPLICANS 2823
(Use as many sheets as necessary) ESTRADA,Michelle

pSheetPo2Attorney Docket Number 9140.0016-00

 
    
 U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner Cite Document Number Issue or NameofPatentee or Pages, Columns, Lines, Where
Initials” No.! J 2 Publication Date Applicant of Cited Document Relevant Passages or Relevant

 
 

 

 
 

[—[Fiasss69s20_froasisssfaaesSSS
fusss97.60——~foraeiso7[pase————S«dS
fusssizise__[osis.iso7_[paes——SSSSCdS
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fus6236703B1_[osa2-2001[tawenseera«(|Sid
[us.6242,10281_Jos-05.2001_[NeadeckererarSiS
fussaesa00B1_fos.oaa002ower_———<«dtSSS
juss7s0sopr__[or-o6a004_|wedinera«(|S

fussaiessepr_[ncisauoe[puesSdSS
[us2ovoosniazat[10-18-2001|tacksueeratSd

st
: od

US 2003/0185266 Al 10-02-2003

FT US 2006/0134522 Al 06-22-2006|Zhangetal.
Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

 

FOREIGN PATENT DOCUMENTS

Examiner Publication Date Nameof Patentee or Pages, Columns,Lines, Translation®
Initials” . Foreign Patent Document MM-DD-YYYY Applicant of Cited Document Where Relevant Passages or

Relevant Figures Appear

Country Code? Number* Kind Code?(ifknown) 

Examiner Date
Signature Considered

EXAMINER:Initial if reference considered, whether or not citation is in conformance with MPEP 609. Drawline throughcitation if not
in conformance and not considered. Include copyofthis form with next communicationto applicant.

EXPRESS MAIL LABEL NO.

EV 860818417 US
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IDS Form PTO/SB/08: Substitute for form 1449A/PTO  
 

  
 
 

Complete ifKnown

 

   

  
  

 
 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

 

 
LNGNON PATENT LITERATURE DOCUMENTS

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

country where published.

COCORULLO,G.et al., "Amorphoussilicon waveguides and light modulators for integrated
photonics realized by low-temperature plasma-enhanced chemical-vapor deposition," Optics
Lett, 21(24):2002-2004 (1996).

Notice of Allowance mailed August 6, 2002, for US Patent No. 6,506,289 (Atty. Docket No.
09140.0002-01).

P|Final Office Actionmailed June 9, 2006 in U.S. Appl. No. 11/100,856 (Atty. Docket No. P|

 

 
  

 

 

 

Translation®

 

 
 

09140.0015-01).

P|Office Action issued on March 23, 2006, in U.S. Application No. 10/650,461 (Atty. DocketNo. 09140-0025-00). 
Specification as filed September 2, 2005, for U.S. Appl. No. 11/218,652 (Atty. Docket No.
09140.0052-00000).   

Examiner Date
Signature Considered

EXAMINER:Initial if reference considered, whether or not citation is in conformance with MPEP 609. Drawline throughcitation if not
in conformance and not considered. Include copyofthis form with next communication to applicant.

EXPRESS MAIL LABEL NO.

EV 860818417 US
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B-1F 2u

PATENT

Customer No. 22,852
Attorney Docket No. 9140.0016-00 

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of:

ZHANG,Hongmeiet al. Group Art Unit: 2823

Application No.: 10/101,863 Examiner: ESTRADA,Michelle

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE

SPUTTERING OF OXIDE FILMS

)
)
)
)
)
)
)
)
) Confirmation No.: 6938
)

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

ELEVENTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

UNDER 37 C.F.R.§ 1.97(c)

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

Examiner the documents on the attached listing. This Eleventh Supplemental Information

Disclosure Statementis beingfiled 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. 06-0916 as specified by

Section 1.17(p).

Copiesofthe listed foreign and non-patent literature documents are attached. Copies of

the U.S. patents and patent publications are not enclosed.

English translations of the non-English language documents are enclosed.

|
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Appl. No. 10/101,863
Atty. Docket No. 9140.0016-00

Applicants respectfully request that the Examiner consider the listed documents and

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

This submission does not represent that a search has been 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 documentsasprior art against any

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

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

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

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

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

applied against the claimsofthe 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.

Dated: August 15, 2006  
Reg. No. 41,008
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[SpAlcationNumber|10/101,863

[HieDate March 16, 2002
pst Named Inventor ZHANG,Hongmei

IDS Form PTO/SB/08: Substitute for form 1449A/PTO

 
 

 

 
 

INFORMATIONDISCLO®
STATEMENTBY APPLIC& ve a

(Use as many sheets as necessary) ESTRADA,Michelle

[Sheadot~*~|torney Docket Number|9140.0016-00

    
 

 
 

 

   U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner Cite Document Number Issue or NameofPatentee or Pages, Columns, Lines, Where

Initials” No.' / 2 Publication Date Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code* (ifknown) MM-DD-YYYY Figures Appear

||US 6,288,835 BI 09/11/2001|Nilsson etal. Po

 

US6,452,717 BI 09/17/2002

US 2002/0014406 Al 02/07/2002

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

Country Code? Number* Kind Code’(ifknown)

Pages, Columns, Lines, Translation®
Where Relevant Passages or

Relevant Figures Appear

DE 37 38 738 Cl 01/26/1989  |Degussa AGTT re
[prsfonsfeoCo., Ltd.

|| Po

   

FOREIGN PATENT DOCUMENTS
Publication Date
MM-DD-YYYY

 
 
 
 

  
 
 

 
 
 

Examiner
Initials”

Name ofPatentee or

Applicant of Cited Document

  

     
Foreign Patent Document

 

 
  

WO 99/61674 Al 12/02/1999

WO 2006/063308 A2 06/15/2006

NON PATENT LITERATURE DOCUMENTS

Examiner|Cite Include nameof the author (in CAPITAL LETTERS),title of the 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.

 

AGRAWAL,G.P., in: Fiber-Optic Communication Systems, 2nd Edition, John Wiley & Sons,
NewYork, pp. 361-399 and 415 (1997).

ASM Handbook, Formerly Ninth Edition, Metals Handbook, Volume 15, Casting, Davisetal.
(Eds.), ASM International, pp. 372-373, 376-383, and 410-411 (1988).

SNOEKS,E.et al., “Cooperative upconversion in erbium-implanted soda-limesilicate glass
optical waveguides,” J. Opt. Soc. Am. B 12(8):1468-1474 (1995).
Responseto Office Action filed July 27, 2006, in U.S. Appl. No. 10/291,179 (Atty. 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).

 MASUDA,H. & KAWAI,S., “Wide-band and gain-flattened hybrid fiber amplifier consisting
of an EDFAand a multiwavelength pumped raman amplifier,” IEEE Photonics Technology
Lett. 11(6):647-649 (1999).

Examiner Date
Signature Considered

EXAMINER:Initial if reference considered, whetheror not citation is in conformance with MPEP 609. Drawline throughcitation if not
in conformance and not considered. Include copyof this form with next communication to applicant.

[ EXPRESS MAIL LABEL NO.
EV 746096525 US |
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IDS Form PTO/SB/08: Substitute for form 1449A/PTO Complete ifKnown
Application Number 10/101 ,863 PCr
Filing Date March 16,2002, fNN
First Named Inventor ZHANG,HongmetfannYY

 

 INFORMATION DISCLOSURE

STATEMENT BY APPLICANT 
  
 

2823 feTopel
(Use at many shet as necessary) ESTRADA, Michel)ga]

[sheets[2|of|2|atomey Docket Number] 9140001600 We.—_

   NON PATENT LITERATURE DOCUMENTS

Notice of Allowance issued on October 8, 2002, in U.S. Patent No. 6,533,907 (Atty. Docket
No. 09140-0004-00).

Notice of Allowance issued on October 21, 2004, in U.S. Application No. 10/101,492 (Atty.
Docket No. 09140-0015-00).

Response to Office Action filed on August 9, 2006 in Application No. 10/954,182 (Atty.
Docket No. 09140.0016-01).

Office Action issued on August 2, 2006, in U.S. Application No. 10/101,341 (Atty. Docket No.
09140-0017-00).

Response to Office Action filed on July 24, 2006, in U.S. Application No. 10/650,461 (Atty.
Docket No. 09140-0025-00).

Response to Office Action filed July 26, 2006 in U.S. Application No. 10/851,542 (Atty.

 

 
Docket No. 09140.0033-00).

Examiner Date
Signature Considered

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 copy of this form with next communication to applicant.

[ EXPRESS MAIL LABEL NO. |
EV 746096525 US |  
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C C
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

fon
(19) World Intellectual Property Organization AA {IDp

International Bureau a > TNOECEAA

(43) Internationa) Publication Date (10) International Publication Number 
 . 15 June 2006 (15.06.2006) WO 2006/063308 A2

(51) International Patent Classification: (74) Agent: EDWARDS, Gary, J.; Finnegan, Henderson,
’ BOSD 5/12 (2006.01) HOIM 10/38 (2006.01) Farabow, Garrett & Dunner LLP, 901 New York Avenue,

. HOIM 4/52 (2006.01) C23C 14/34 (2006.01) Washington, D.C.,, District ofColumbia 20001-4413 (US).

(81) Designated States (unless otherwise indicated, for every
(21) Intervational Application Number: kind ofnational protection available): AE, AG, AL, AM,

PCT/US2005/044781 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,
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DEPOSITION OF LICoO,

RELATED APPLICATION

[001] The present application claims priority to Provisional Application No.

60/651,363, filed on February 8, 2005, by Hongmei Zhang and Richard E. Demaray,and to

Provisional Application No. 60/634,818, filed on December 8, 2004, by the same inventors,

each ofwhich are herein incorporated by referencein their entirety.

BACKGROUND

1. Field ofthe Invention

[002] Thepresent inventionis related 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 waythatthe films cooperate to generate a voltage. Thethin films

typically include currentcollectors, 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 ofwithstanding at 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 ofwithstanding subsequent high temperature processing in
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the presence ofthe LiCoO,, which can experience significant interfacial reactions with most

materials utilized in a battery during these temperature cycles.

[004] Other lithium containing mixed metal oxides besides LiCoOy,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 LiCoO2, 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 oftime) are incompatible with semiconductor or MEM device processing ~

and limit the choice of substrate materials, increase the cost, and decrease theyield of such

batteries. The inventors are unaware of a 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 crystallization is discussed in Kim et al., where a

conventional furnace anneal at 700°C for 20 minutes ofan amorphous layer of LiCoO, ona

precious metal achieves crystallization ofthe LiCoO, material, as shown by x-raydiffraction

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/Sisubstrate. In Kim et al, it was shown that such
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a crystalline film is capable of constituting the Li+ ion containing cathodelayer of a

functional all solid-state Li+ ion battery. However, it is of continuing interest for the

manufacture of solid state Li+ ion batteries to further reduce the thermal budget of the post

deposition anneal, both in time and in temperature, so as to enable the manufacture of such

batteries without the need for expensive precious metal nucleation, barrier layers, or

expensive high-temperature substrates.

[006] There are many references that disclose an ion beam assisted process that can

provide a LiCoO, film that demonstrates some observablecrystalline composition by low

angle x-ray diffraction (XRD). Some examples of these are found in U.S.Patent

Applications 09/815,983 (Publication No. US 2002/001747), 09/815,621 (Publication No. US

2001/0032666), and 09/815,919 (Publication No. US 2002/0001746). These references

disclose the use of a second front side ion beam or other ion source side-by-side with a

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

LiCoO, vapor at the substrate surface. Noneofthese references disclose film temperature

data or other temperature data ofthe film during deposition to support an assertion of low

temperature processing,

[007] It is very difficult to form a uniform deposition either by sputtering a

material layer or by bombardmentwith 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 the difficulties involved in achieving a uniform material

deposition. These references do not disclose a uniform materials deposition, which is

required for reliable 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] It is even more difficult to scale a substrate to manufacturingscale, such as

200 mm or 300 mm. Indeed, in the references discussed abovethat utilize both a sputtering |

deposition and an ion beam deposition, only small area targets and small area substrates are

disclosed. These references disclose a single feasibility result. No method for achieving a

uniform 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 ofstored 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

[01 1] 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 of a crystalline layer of LiCoO with a

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

rate deposition ofLiCoO, films, which canbe 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 to a target
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formed ofLiCoQ, positioned opposite the substrate. In some embodiments, a LiCoQ layer

is formed on the substrate. Further, in some embodiments the LiCoO,layer is a crystalline

layer oforientation <101>.

[013] In some embodiments, a stacked battery structure can be formed. The

stackedbattery structure includes oneormore battery stacks deposited on a thin substrate,

wherein each battery stack includes: a conductinglayer, a crystalline LiCoO> layer deposited

over the conducting layer, a LiPON layer deposited over the LiCoO, layer; and an anode

deposited over the LiPONlayer. A top conducting layer can be deposited over the oneor

more battery stacks.

[014] Insome embodiments,abattery structure can be formed in a cluster tool. A

method ofproducingabattery in a cluster tool includes loading a substrate into a cluster tool;

depositing a conducting layer over the substrate in a first chamber ofthe cluster tool;

depositing a crystalline LiCoO, layer over the conducting layer in a second chamber ofthe

cluster tool; depositing a LiPONlayer over the LiCoO, layer in a third chamber ofthe cluster

tool; depositing an anodelayer over the LiCoO, layer in a fourth chamber; and depositing a

second conducting layer over the LiPON layer in a fifth chamber ofthe cluster tool.

[015] A fixture for holdinga thin substrate can include a top portion and a bottom

portion, wherein the thin substrate is held when the top portion is attdched 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 ofdevices incorporating those layers are presented for explanation only and
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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 showsan exampleofa target that can be utilized in the reactor

illustrated in Figures 1A and 1B.

[019] Figure3illustrates a thin-film battery design according to some

embodiments ofthe present invention.

[020] Figures 4A and 4B showan x-tay 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, films according to

some embodiments ofthe present invention.

[022] Figure 5G showsx-ray diffraction data corresponding to the depositions

shown inFigures 5B-SF.

[023] Figure 6A illustrates a layer ofLiCoO, 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 be utilized in the deposition of LiCoO2 layers deposited accordingto

some embodiments ofthe present invention.

[026] Figure 8 illustrates a cluster tool that can beutilized to form batteries with

LiCoO, layers deposited according to some embodiments ofthe present invention.
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[027] Figures 9A and9B illustrate examples of stacked batter structures with

LiCoQ, layers deposited according to some embodiments of the present invention.

[028] Figures 10A through 10Dillustrate 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 of the present invention.

[030] Figures 12A through 12Lillustrate deposition ofa crystalline LiCoO2layer

onasilicon or alumina substrate.

[031] Figures 13A through 13F illustrate rapid thermal anneal processes for
LiCoO, layers deposited accordingto the present invention.

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

LiCo0O, film deposited according to embodiments ofthe present invention.

[033] Figures 15A and 15B illustrate the effects oframp-timein 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 ofthe present invention.

[035] Figure 17 illustrates battery charge and dischargeprofiles of a battery formed

utilizing a LiCoO, film according to some embodiments ofthe presentinvention.

[036] In thefigures, elements having the same designation have the sameor similar

functions.

DETAILEDDESCRIPTION

[037] In accordance with embodiments ofthe present invention, LiCoO> films are

deposited on a substrate by a pulsed-dc physical vapor deposition (PVD) process. In contrast

to, for example, Kim et al., LiCoO, films according to some embodiments of the present
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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 of a 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 °Cforas little as 5

minutes without the use of an underlying precious metal film. In addition, the as deposited

crystalline films, when positioned on a noble metal film can be annealed at much further

reduced temperatures, for example as low as 400 to 500 °C, providing for deposition,

annealing, and production ofsolid state batteries on lower temperature substrates.

[038] In the presentapplication, a single, extended source is described which has

been scaled to 400mm X 500mm for production achieving a LiCoO, uniformity of3% 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 exampleprocess, a LiCoO> film was deposited utilizing a conductive

ceramic LiCoQ; target as described herein, with pulsed-de power of4 kW,no bias, with 60

sccm Arand 20 sccm QO; gas flows. A 3000 Angstrom layer ofcrystalline LiCoO, 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 acrossthe 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 jum

with a maximum of 3.09 jum and a minimum of2.70 jm and standard deviation of 0.093.

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] On other 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 according to the present

invention can have a deposition rate of from about10 to about 30 times higher than processes

in conventional films. Deposition thicknesses and times of deposition for films deposited

according to the present inventionare 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 areaofprior 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 LiCoO; 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 of the as-deposited LiCoO, layers are improved by thermal processes with low

thermal budgets,which can be compatible with films deposited on low-temperature
substrates.

[043] Further, as-deposited the stoichiometry of‘some LiCoO,layers deposited
according to some embodiments ofthe present invention showsthat this layer is sufficient for

utilization in a battery. With the demonstrated ability to deposit a LiCoQ, 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] In some embodiments,a crystalline layer ofLiCoO2 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 andthe cost ofbatteries while retaining the energy density storage

capabilities ofLi-based batteries. In some embodiments, a crystalline LiCoO, layer can be

deposited on a precious metal layer, such as platinum oriridium, 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 sameassignee 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 showsa schematicofa reactor apparatus 10for sputtering

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 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 III PVD cluster tool made by Symmorphix, which is specifically designed for

pulsed-de processes such as is described herein.

[047] Apparatus 10 includes target 12 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 fromthe 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 of target 12.

[048] Forpulsed reactive dc magnetronsputtering, as performed by apparatus 10,

the polarity ofthe 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 exceedsa critical frequency that can dependon target material, cathode

current andreverse time. High quality oxide films can be made usingreactive 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 negativetarget voltage. Utilization of other power supplies

can lead to different power characteristics, frequency characteristics, and reverse voltage

percentages. Thereverse time on this embodiment ofpower supply 14 can be adjusted

between 0 and 5 ys.

[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] In some embodiments,filter 15 can be a 2 MHz sinusoidal bandrejection

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 14 and allow passage ofthe pulsed-de power and frequency.

[G52] 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 ofelectrical 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] Inthe Phoenix system, for example, target 12 can have an active size of
about 800.00 X 920.00 mm by 4 to 8 mm in order to deposit films on substrate 16 that have ©

12

Ex. 1052, Page 1168



Ex. 1052, Page 1169

WO 2006/063308 , PCT/US2005/044781

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 of apparatus 10at a rate up to about 200 sccm while the pressure in

the chamber of apparatus 10 can be held at between about .7 and 6 milliTorr. Magnet 20

provides a magnetic field of strength between about 400 and about 600 Gaussdirected 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 bea 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

arnrnnnnmuniformity. 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 film 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 one direction,

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

for example the X direction, to provide a time averaged uniform magnetic field. As shown in

Figures 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.

13
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[056] The combination ofa uniform target 12 with a target area 52 larger than the

area of substrate 16 can providefilmsofhighly 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 ambientofthe

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 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 LiCoO, 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 ofLiCoO2film.

[058] In some 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 packed array of smaller tiles. Target 12, therefore,

mayinclude 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 adjacentones oftiles 30. The distance between tiles of

target 12 andthe dark space anode or ground shield 19 in Figure 1B can be somewhat larger

so as to provide non contact assemblyor to provide for thermal expansion tolerance during

process chamber conditioning or operation. |
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{059} 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 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 film

deposited on substrate 16. In practice, planarity of target 12 can mean that all portions of the

target surface in region 52 are within a few millimeters ofa planar surface, and can be

typically within 0.5 mm of a planar surface.

[060] Figure 3 showsa battery 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 LiCoO2layer 303. Also

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

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

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

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

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

the high temperature 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 of a substrate
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layer. The stacked layered battery would provide higher specific energy density as well as

low impedance operation for charging and discharging.

[061] In some embodiments, an oxide layer can be deposited on substrate 301. For

example, a silicon oxide layer can be deposited on a silicon wafer. Other layers can be

formed between conducting layer 302 and substrate 301.

[062] As further shown in Figure 3, a LiPON layer 304 (Li,PO,N,,) 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 of anode 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 currentcollector 302 at a constant voltage. Theability for battery

structure 300 to supply steady current, then, depends on the ability 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 way of grains or grain boundaries. Without

being restricted in this disclosure to anyparticular 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-currentbattery
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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, whichis 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 beutilized with dc-sputtering.

[066] Insome embodiments, LiCoQ> films are deposited on Si wafers. Gas flows

containing Oxygen and Argon can be utilized. In some embodiments, the Oxygen to Argon

ratio ranges from 0 to about 50% with a total gas flow of about 80 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 O,/Ar ratio as well as

substrate bias.

[067] Table I illustrates some example depositions ofLiCoO, accordingto the

present invention. XRD (x-Ray Diffraction) results taken on the resulting thin filmsillustrate

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 and4B illustrate an XRD Analysis and SEM crosssection,

respectively, of the LiCoO, 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 ofO, 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 of LiCoQ>, 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 of the resulting LiCoO, crystals.

[069] Figures 5A through 5F show SEMcross sections of further example

depositions ofLiCoO, crystals according to the present invention. In each ofthe examples,

deposition of the LiCoQ> film was performed on a Si wafer with target power of about 2 kW

and frequency ofabout 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 flowrate of about 80 sccm and an

oxygen flow rate ofabout 0 sccm. A deposition rate of about 1.45 pam/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 LiCoO2 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 kObms was measured by means of an Ohm meter
over a distance of about 4 cm onthesurface oftarget 12. This high rate allows the

manufacture ofthe 3 micron or thicker LiCoO, layer required for the battery at high rate over

a widearea in short times, resulting in very high productivity and very low cost. Target

resistance on the order of about 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. Theresistance of conventional target materials can be

unmeasurably high. A resistance of 100 kQ over about 4 cm of surface will result in high

sputter efficiency and high rate of deposition. Further, because deposition rates typically

scale nearly linearly with target power, a deposition at 6 kW will yield a deposition rate of

approximately 3 pm/hr, which is a very desirable rate ofdeposition for manufacturability of

Li-based thin-film solid-state batteries on a surface area of400 X 500 mm’.

[071]|The LiCoQ, layer shown in Figure 5B is deposited under the conditions

listed as Example 7 in Table I. Again, no bias was utilized in the deposition. An argon flow

rate of about 72 sccm and an oxygen flow rate of about 8 sccm was utilized. The deposition

rate was significantly reduced to about 0.85 jum/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 5A.

[072] The LiCoO, film shown in Figure 5C was deposited according to Example 3

in Table I. In this deposition, 100 W ofbias power is applied to the substrate. Further, an

argon flow rate of 72 sccm, and an oxygen flow rate of 8 sccm was utilized. The deposition

rate was about 0.67 pm/hr. Therefore, the application ofbias in comparison with the LiCoO,

film shown in Figure 5B further reduced the deposition rate (from 0.85 jum/hr of the example

shown in Figure 5B to 0.67 pao/hr of the example shown in Figure SC). 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 Table I.

In this deposition, the Ar/O, ratio was increased. As is shown in Figure SD,increasing the

Az1/O; ratio improves crystallinity. With respect to the exampleillustrated in Figure 5C,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 pum/hr from a rate of0.67 pm/hr illustrated in

Figure 5C.

[074] In the example depositionillustrated 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 andthe oxygen flow

rate was set at about 4 sccm. Theresulting deposition rate for the LiCoQ layer was about

0.74 pm/hr.

[075] In the example depositionillustrated in Figure SF, which corresponds with

Example 6 ofTableI, 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 jum/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 5F, 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 of LiCoOQ, can be

obtained under several ofthe process conditions, as shown in Table I. 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 presentinvention.

[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 comparable to that of the 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 (e.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 andpositioning 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 brought into tension and subsequently

clamped as top portion 701 is closed into bottom portion 702. Substrate 601 can beeasily

. held by fixture 700 so that substrate 601 canbe handled and positioned. In some

embodiments, the corners of substrate 601, areas 703, are removed so that substrate 601 is

more easily stretched by avoiding “wrap-around” comer clamping effects when top portion

701 is closed into bottom portion 702.

[080] As shown in Figure 7C, a mask 712 can be attached to fixture 700. In some

embodiments,fixture 700 includes guides in order to align fixture 700 with respect to mask

712. In some embodiments, mask 712 maybeattached to fixture 700 andtravel 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 ofanother thin substrate mounted in a fixture similar to

fixture 700.

[081] As shown in Figure 7C and 7D,fixture 700 and mask 712 can be positioned

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

chuck of a processing chamber such as that shown in Figures 1A and 1B. Fixture 700 and
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mask 712 can havefeatures that allow for ready alignment with respect to each other and

with respect to mount 710. In some embodiments, mask 712 is resident in the processing

chamber and aligned with fixture 700 duringpositioning offixture 700 on mount 710, as

shown in Figure 7D.

[082] Utilizingfixture 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 jxm or more. Further, thin film substrate 601, once mounted

within fixture 700, can be handled and moved from process chamber to process chamber.

Therefore, a multiprocessor chamber system can beutilized to form stacks of layers,

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 601is loaded and a resultant device is removed from cluster tool

800. Chambers 804, 805, 806, 807, and 808 are processing chambers for depositions of

materials, heat treatments, etching, or other processes. One or more of chambers 804, 805,

806, 807, and 808 can be a pulsed-DC PVD chamber such as that discussed above with

respect to 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 of a conventional thin-film battery, ceramic substrates are

loaded into load lock 803. A thin metallic layer can be deposited in chamber 804, followed
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by a LiCoO, deposition performed in chamber 805. The substrate is then removed through

load lock 803 for an in-air heat treatment extemal to cluster tool 800. Thetreated wafer is

then reloaded into cluster tool 800 through load lock 802. A LiPONlayer can be deposited in

chamber 806. The wafer is then again removed from cluster tool 800 for deposition of the

lithium anode layer, or sometimes chamber 807 can be adapted to deposition 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 700is then loaded into

load lock 803. Chamber 804 maystill include deposition ofa conducting layer. Chamber

805 then includes deposition ofa LiCoO, layer according to embodiments of the 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 conductinglayer ofthe current collector. In this process, no

heat treatmentis utilized to crystallize the LiCoO, layer.

[087] Another advantageof a thin film battery process is the ability to stack battery

structures. In other words, substrates loaded into cluster tool 800 maytraverse process

chambers 804, 805, 806, 807, and 808 multiple times in order to produce multiply stacked

battery structures. Figures 9A and 9B illustrate such battery structures.

[088] Figure 9Aillustrates a parallel coupled stacking. As shown in Figure 9A, a

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

conducting layer 603, for example about 2 jam 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.

LiCoO,; layer 602 can be about 3-10 um and can be deposited in chamber 805 according to

embodiments ofthe present invention. The wafer can then be moved to chamber 806 where a

LiPONlayer 901 of thickness of about .5 to about 2 jum can be deposited. In chamber 807,

an anode layer 902, for example a lithium metal layer ofup to about 10 ym, 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 andfinally 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 arrangmentofbattery

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/currentcollector . . .

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

because the individual battery stacks share anodes.

[090] To form thestructures 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 LiCoO2 can be deposited on iridium.

Figures 10A through 10D illustrate 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 of1.6 1s, a pulsing

frequency of 300 kHz, with 60 sccm Ar flow and 20 sccm of O2 flow, with no pre-heat for

7200 sec. As a result, a layer ofLiCoO, of about 1.51 um was deposited.

[092] Figures 10A through 10D show XRD analysis ofboth as-deposited and

annealed layers ofLiCoO, deposited as discussed above. The XRD analysis of the as-

deposited layer demonstrates a shallow peak at 20 = 18.85° denoting a <003> orientation of

crystalline LiCoO,, a sharper peak at about 26 = 38.07° corresponding with the desired

<101> crystallographic direction, and a peak at 26 = 40.57° corresponding to the <111>

direction of iridium. However,the position of the <101> LiCoO, peak indicates that the

<101> LiCoO, peak is nonstoichiometric LiCoOQ,. 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 20 = 38.53°, indicating a more stoichiometric

crystallization ofthe <101> LiCoO2. However,the crystalline LiCoQ; is still not

stoichiometric after this anneal. One ofordinary skill in the art will notice that longer anneals

and/or further adjustmentofthe deposited stoichiometry may result 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 10Cillustrates 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 26 = 39.08°, indicating

crystallization ofa <012> layer ofLiCoO. In this case, the <012> LiCoOy, cyrstal is

stoichiometric and therefore allowsfor efficient Li transport. Oneofordinary skill in the art

will notice that longer anneals and/or further adjustmentofthe deposited stoichiometry may

result in usefully oriented stoichiometric LiCoO, 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 10Dillustrates an XRD analsysis of the sample after a subsequent

anneal of700°C in air for 2 hours. As shown in Figure 10D, the <003> LiCoO, peak

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

anneal illustrated in Figure 10C.

[096] Figures 10A through 10D demonstrate deposition of<101> LiCoOQ, 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 ofa 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 orlengthening the time oflower temperature anneals mayalso result in desired

orientations of stoichiometric crystalline LiCoO,.

[097] Figures 11A through 11D illustrate formation of a single-layer battery

according to some embodiments of the 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 beplastic, glass,

Al foil, Si wafer, or any other material. Lift-off layer 1102 can be anylift off layer and can

be a polymer layer such as polyimide, an inorganic layer such as CaF2 or carbon, or an

adhesive layer that loses its adhesion as a result of, for example, oxidation, heat, orlight.

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

[098] As shown in Figure 11B, a LiCoQ> 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 of a useful crystalline

orientation may result in the as-deposited LiCoO, with no further anneals necessary.

[099] Figure 11C illustrates deposition of a LiPON layer 1105 over the LiCoO,

layer, deposition of a 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 of thickness about 5 pm or greater. Such a battery, without the requirement

of a substrate 1101, is well known to have the potential of energy storage ofgreater than

about 1 kW-hr/liter.

[0101] As an alternativeto a lift-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 removed bya solvent, etching, or a photo process,

Further, single-layer batteries may be combined orstacked in any fashion to provideadevice

ofgreater energy storageat a particular voltage.
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[0102] Figures 12A through 12Lillustrate the crystallinity ofas-grown and post

anneal LiCoQ, 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 of the as-deposited LiCoQ; film on

Al,O; substrate (Example 32 in Table). 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 of the layered structurein the as-

deposited crystalline LiCoO, film according to embodiments of the 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 SEMthat illustrates the

morphology ofthe as-deposited crystalline film corresponding to Example 31 in Table I.

Figure 12L illustrate a similar cross-section SEM correspondingto the film grown according

to Example 32 in Table L
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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 134,

substantial crystallinity is obtained. Figure 13B shows XRD data after a RTA as described

with Figure 13A in an argon/oxygen atmosphere. The argon/oxygen ratio was 3:1.

[0108] As shown in a comparison ofFigures 13A and 13B, morecrystallinity is

observed in an argon only RTA than with a RTA performed in the presence of oxygen. This

is further illustrated in a comparison ofFigures 13C and 13D with Figures 13E and 13F.

Figures 13C and 13D show the granularity of the LiCoQ, 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 14Dillustrate several anneal processes with the

Example 37 ofTable I. In that example, LiCoO2 was deposited on alumina utilizing a

pulsed-de process with 2kW ofpower and 100 W ofbias with an argon flow of60 sccm and

an oxygen flow of20 sccm.

[0110] Figure 14A shows an SEMphoto ofan as-deposited LiCoO> film according

to the processillustrated in Example 37 ofTable I. Figure 14B shows an SEM photo of
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LiCoOQ, film accordingto the processillustrated in Example 37 ofTableI, annealed

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

LiCoOQ, film accordingto the processillustrated in Example 37 ofTable I, 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 ofa 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 muchbetter 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 ofsuch films on low temperature substrates.

[0111] Figures 15A and 15B show SEM photos ofa LiCoO, film that was annealed

in an RTA processutilizing two different ramp-up times, illustrating the effects of the ramp

time in the RTA process. A LiCoO, film was deposited on an alumina substrate according to

the process described as Example 51 in Table L The film shown in Figure 15A was annealed

with a 45 sec ramp-up time(i.e., room temperature to 700 °C in 45 sec). The film shown in

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 ofthe present invention.

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

in Table I. The LiCoQ, 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 jum 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 of storing 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 and spirit ofthis disclosure. As such, the scope is limited

only by the followingclaims.
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WHATIS CLAIMEDJS:

1. A method ofdepositing a LiCoO, layer, comprising:

placing a substrate in a reactor;

flowing a gaseous mixture including argon and oxygen through the reactor; and

applying pulsed DC power toatarget formed ofLiCoQ2 positioned opposite the

substrate,

wherein a crystalline layer of LiCoO, is deposited over the substrate.

2. The methodofclaim 1, further including applying an RF bias to the substrate.

3. The methodofclaim 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 of the 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 methodofclaim 1, further including preheating the substrate to a temperature

ofabout 200 °C.

8. The methodofclaim 1, wherein the substrate is a low temperature substrate.

9. The methodofclaim 8, wherein the low temperature substrate is one ofa set of

substrates including glass, plastic, and metal foil.

10, The method ofclaim 1, further including depositing an oxide layer on the

substrate.

11. The methodof claim 10, wherein the oxidelayer is a silicon dioxide layer.

12. The method of claim 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 LiCoO, 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 of claim 14, wherein the metal layer is platinum.

17. The methodofclaim 1, further including annealingthe crystalline layer with a

low thermal budget.

18. The methodofclaim 17, wherein annealingthe crystalline layer includes

annealing to 700°C in a rapid thermal anneal process for a period oftimeless than

about 10 minutes.

“oem 19. The method ofclaim 14, further including annealing the LiCoO, layer at a

temperature ofless than or equal to about 500°C.

20. The methodofclaim 14, further including annealing the LiCoO, layer ata

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. Thestructure of claim 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. Thestructure 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 morebattery stacks deposited on a thin substrate, wherein each battery

stack comprises:

a conducting layer,

a LiCoO, layer deposited as a crystalline layer over the conducting layer,

a LiPONlayer deposited over the crystalline LiCoO layer,

an anode layer 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 of claim 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. Amethod 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 LiCoQ, 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

LiCoQ, layer.

40. The method of claim 39, further 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:

a top portion; and

a bottom portion, wherein

the thin substrate is held when the top portion is attached to the bottom

portion.
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SPRAYING METHOD TO FORM A THICK COATING AND PRODUCTS OBTAINED

Thepresentinventionrelates an apparatus and a methodofspraying to form a
coating on flat or curved substrates, for example, either as part ofthe direct

formation of metallic or ceramic coatings such as superconductive or piezo-

electric layers or for the production oftargets for sputtering magnetrons having
coatings whichare precursors ofsuch 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 suggestedto
pre-heat the substrate to temperatures above 540°C andto cool the coating

slowly.It is further recommendedtotreat the coating in an atmosphere containing
one of the components ofthe superconducting ceramic. An oxy-acetylene flameis
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 magnetronto sputter a Y-Ba-CuO superconductorcoating.
Deposition of only a thin target coating of 0.5 mm is reported.

The production of superconducting powders using flame sprayingis

reported in US 5,140,005. An oxy-acetyleneflameis used.It is tacitly accepted

that the high temperatureof the flame changesthe stoichiometric ratios of the

components and thatthis has to be compensatedbyincreasing the morevolatile

componentsin the orginal 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 production offlat 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 Murakamiet. al. "Rapidly Solidified Thick Deposit Layers

of Fe-C-MoAlloys 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 denselayers, 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 mucheasierto

handle than the heterogeneous oxide mixtures contemplated by the present

invention. Layer thicknesses of up to 8 mm are described but 3 to 5 mm is

preferred. Variouslayers are proposed including a Ni-Al layer for improving

adhesion between the deposited layer and the substrate. A Ni-Al adhesion

promoter is known from DE-A-33 18 828.

Plasma spraying of superconducting materials is described in EP-A-288711

up to a thickness of 250 micron.

It is an object of the present invention to provide an apparatus and a

method of spraying heterogeneous metal oxides to form a ceramic coating on flat

or curved substrates.

It is a further object of the present invention to provide an apparatus and a

method of spraying heterogeneous metal oxides to form a thick walled ceramic

coating onflat or curved substrates whichis structurally sound.

It is a further object of the present invention to provide an apparatus and a

method of spraying to form a thick walled coating of a superconducting ceramic

material.

It is still a further object of the present invention to provide an apparatus

and a methodof sprayingsuitable 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 target itself with

improved thermaland electrical conductivity and high mechanical strength using

a spraying process employing dedicated powder formulations.

SUMMARYOFTHE INVENTION
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Oneaspect of the present invention is to provide a substrate with a coating

of a combination of metal oxides having a thickness greater than 3 mm more

preferably greater than 5 mm and mostpreferably greater than 8 mm.Preferably,

the coating is deposited by spraying, e.g. flame or plasmaspraying. Preferably,

the substrate is cylindrical and is more preferably is suitable as a cylindrical target

substrate for a sputtering magnetron. The combination of oxides preferably

comprises at least a superconductive precursor or a superconductor. The thermal

conductivity of the deposited material is preferably between 1 and 5 Wm'K".

Whendeposited on a steel substrate the thermal conductivity of the composite

preferably lies within the range 25 to 125 Wm'K". These valuesare particularly

preferred for YBa2Cu3O; coatings. Preferably, an adhesion promoterlayeris

applied ontothe substrate before application of the coating of the metal oxide

combination. The adhesion promoter maybe a layer of Ni-Al ora layer of an In-

alloy, for example. The deposited coating is preferably impactresistant,e.g.

withstands impactof a 0.036 kg steel ball from a height of 2 metres. Preferably,

about 20% or up to 30% of a noble metal is included in the oxide material to

improve electrical and thermal properties of the deposited layer. The noble metal

is preferably silver. The noble metal may in included 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 lowertheresistivity. These values are particularly preferred for

YBa;Cu;0;coatings.

Theelectrical , thermal and mechanical properties of the coating deposited

in accordance with the presentinvention should be sufficient that the deposited

layer can be applied to a suitable substrate by meansof a sputtering magnetron

preferably at a static sputtering deposition speed of at least 5 nm/minute, more

preferably, at 20 nm/minute and most preferably at at least 40 nm/minute.

Whena superconductorprecursor or a superconductive material is
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deposited, at least 10% ofthe coating is in the superconducting phase, morePp g Pp 8 P

preferably 15%. This may be assisted by a subsequentlimited thermal treatment,

e.g. 3 hours and 940°C,after deposition.

The present invention also includes a methodofdepositing by spraying a

superconductorprecursor layer onto a cylindricaltarget for a sputtering

magnetron, the layer having a thicknessofat least 3 mm, andat least 10% ofthe

layer being in a superconductive phase. The presentinventionalso includes a

method of depositing by spraying a layer onto a substrate, the layer having a

thickness of at least 5 mm,and the coating comprising metal oxides.

In accordance with one aspectof the present invention a flame spraying

apparatusis provided for depositing a metal oxide combination onto a substrate to

producea coating thereon, comprising: a burner for producing a flame;an inlet

for feeding material to be sprayed through the flame,the flame imparting a

temperature to the material to be sprayed of 1500°C orless, preferably 1200°C or .

less. Preferably the temperature imparted maybealittle higher than the melting

point of the powderto 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 presentinvention 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 for the

substrate, the cooling system including a device for bringing a cryogenic fluid into

contact with the substrate. Preferably, the thickness of the deposited coatingis

greater than 3 mm morepreferably greater than 5 mm and most preferably greater

than 8 mm. The input material for the sprayer may bealiquid solution of soluble

compounds(e.g. nitrates) which decomposethermally into ceramic component

oxides,liquid slurries of the ceramic components or metal powders, or dry metal

or ceramic powders or precursors of the ceramic components, e.g. nitrates, of

such powders.

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 temperatureto the material to be sprayed

of 1500°C orless, preferably 1200°C orless. 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 presentinvention mayalso provide a method of flame spraying metal

oxide combinations onto a substrate to produce a coating thereon, comprising:
generating a flame for spraying the materials; and cooling the substrate by

bringing a cryogenic fluid into contact with the substrate.

The present invention mayalso provide a methodof flamespraying 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 thatthe solidified coating thereon has a

temperature between room temperature (~25°C) and 150°C, preferably room

temperature (~25°C) and 100°C. Wateror cryogenic fluid cooling are particularly

preferred.

One linking concept between the above methods and apparatusis control

of the total heat energy into the spraying/coating system. This can be achieved by

careful control of parameters whichinfluence the energy input such as spraying

distance, spray head traverse speed, rotation speed of a cylindrical substrate,

powder dwell time in the hot exit plume from the spray head, particle velocity

exiting the spray head, cooling method andrate of cooling the substrate during

coating deposition.

The presentinvention also includes a method ofreconditioning a target for

a Sputtering magnetron byflamespraying or atmospheric plasmaspraying as well

as a reconditioned target as made in accordance with the method. Thetarget

material or coating is preferably a ceramic coating, in particular a

superconducting or superconductor precursor coating.
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Thefinal coating is preferably a metallic or ceramic layer, in particular a

superconducting or piezo-electric layer or a precursor thereof. The present

invention includes a methodofspray drying a liquid to form a powdersuitable for

flame spraying. The spray dried powder maybe sintered. The present invention

also includes a manufacturing method for depositing a coating on a substrate

comprising the stepsof: spray drying a precursor liquid to form a powder and

flame spraying the powderto form a coating onasubstrate. The substrate may be

a target for a sputtering magnetron andthefinal coating may sputtered ontoafinal
substrate in the sputtering magnetron. The ceramic powder maybesintered after

the spray drying step. The flameofthe flame spray gun preferably imparts a

temperature to the powder 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 powder to be sprayed,e.g. 600 to 1000°C for some metal oxides.

Duringflame spraying thetarget 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 present invention 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 magnetronforsputtering the

final coating onto thefinal 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 impartedis 1500°Corless, preferably 1200°C or less. Temperatures

of 600 to 850 °C may be suitable for some metal oxides. In the flame sprayera

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 ofcoatings ontargets for use in a sputtering magnetron to

sputter a superconducting layer onto a final substrate. The present invention may

provide oxide sputtering targets supporting very high powerdissipation thus

enabling high sputter depositionrates ofat least 50 nm/min.

The dependentclaims describe additional individual embodiments ofthe

present invention. The present invention will now be described with reference to

the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. | is a schematic representation of a flame spraying apparatus in

accordance with one embodimentofthe presentinvention.

Fig. 2 is a schematic representation ofa flame spraying apparatus in

accordance with another embodimentofthe present invention.

Fig. 3 is a schematic representation of a spray drying apparatusin

accordance with another embodimentofthe present invention.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

The present invention will be described with referenceto certain specific

embodiments and with reference to certain specific drawingsbutthe invention is

notlimited thereto but only by the claims. In particular, the presentinventionwill

mainly be described with referenceto the deposition of a superconductor

precursor or superconductive coatingsbut the inventionis not limited thereto but

may be used advantageously with other heterogeneous coatings such as ceramic

coatings, particularly those having special properties such as piezo-electric

coatings andin particular coatings which contain components which can be
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degraded by high temperatures or which are morevolatile than other components.

Moreparticularly the present invention will be described with referenceto the

manufacture of YBa2Cu307 superconducting powders and coatings but the

invention is notlimited 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 but the present inventionis notlimited thereto. By

carrying out the invention in accordance with the processing details and principles

described below thick layer (greater than 3 mm, more preferably greater than 5

mm and most preferably greater than 8 mm) metal oxide combination coatings

suitable for use as a sputtering magnetron target have been applied by oxy-

acetylene flame spraying with water cooling or by atmospheric pressure or low-

pressure plasma sprayingto substrates including cylindrical substrates used in

rotating cathode magnetrons. During plasma spraying gasses maybeused such as

argon or mixtures of argon and othergasses to shield the plasmaspray. Also the

presentinvention will mainly be described with reference to an input to the flame

spraying head of spray dried powder. Thepresentinventionis not limited thereto

but includes other formsof input materials such as a mixture of the metal oxides,

includingslurries thereof or mixtures of precursors of metal oxides such as metal

nitrates as well as slurries and solutionsthereof.

Fig. 1 is a schematic diagram of the flame spraying apparatus 10 in

accordance with a 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, USAora high velocity oxy-fuel spraying gun available from the

same company. The gun 12 may be provided with an air pincher. The gun 12 may

be fed with fuel gas in pipe 22, oxygen in pipe 23 and gun cooling air in pipe 24.

Additional gases may be supplied to the gun 12 as described for instance in US

5,273,957 or EP-A-413 296. Material to be coated is fed in powderor liquid

form,e.g. a dry powder,a slurry of the powderanda liquid orin solution, to the

gun via conduit 26 from hopper 21. Gun 12 is mounted ona drive (not shown)
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which provides the necessary movementsof 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 movementsof the gun 12 may be simple

reciprocating movementsparallel to the axis ofthe 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 maybeselected from oneofacetylene,
propylene, hydrogen or similar 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 one ofethylene, 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 embodiment ofthe present

inventionif the flame of the flame spraying gun 12 imparts a temperature only

sufficient to just melt the powder to be sprayed. Temperatures of 1500 °Corless

and preferably 1200 °Corless are preferred and temperatures between 600 and

1000 °C may be morepreferable. These low flame temperatures minimise

decomposition of the ceramic powder components during flamespraying.

Moreover, they limit the impact of evaporation of the materials to be flame

sprayed and allow a deposition efficiency of more than 80%,i.e. more than 80%

of the solid mass originally introduced into the gun 12, 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 but this depends uponthesize ofthe flame. Similar coatings have been

obtained using both oxy-acetylene flame spraying and plasmaspraying. Attention

must be paid to the energy taken up-by the sprayed particles during the spraying
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andthe transferofthis energy to the substrate. Intensive cooling of the substrateis

preferred which may beontheside of the substrate remote from the deposited

layer and/or on the sameside. Byaltering the velocity ofthe particles in the flame

or plasma the dwell time therein maybealtered, thus limiting the energy uptake
by the particles.

The material of substrate 19 preferably has a high melt temperature and a

high thermal conductivity and when the substrate 19 is to be used as a target for a
sputtering magnetron a goodelectrical conductivity is preferable.It is also
preferred if the thermal expansionofthe substrate material is similar to that of the

ceramic coating to be applied. In accordance with embodimentsofthe 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 toatleast a half of the thermal expansion coefficientofthe

ceramic coating. A non-limitinglist of suitable materials maybesteel, iron,

stainless steel, copper or copperalloys, howeverthe low temperature flame

spraying process in accordance with the present invention, either independently or
in combination with intense cryogenic coolingof the substrate 19, allows other

materials to be used such as paper, cardboard or polymeric materials. Preferably,
the substrate 19 should be free of grease and dry before deposition. Preferably,
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-Alor an In-alloy. These may be applied by flame or plasma

spraying before application of the metal oxide coating..

Wherethe substrate 19 is rigid it may be mounted in a suitable Jig. For

example,a cylindrical substrate 19 is preferably mounted in a rotating device such

as a lathe. The substrate 19 may beheld by rotatable chucks at each endthereof.

The temperature ofthe solidified flame sprayed coating 40 on the surfaceof the

substrate 19 is preferably measured by a temperature sensor 13, 15. The sensor

head 13 is preferably a remote sensing optical head whichis notin contact with

the surface 40 ofthe flame sprayed coating. The temperature to be measuredis of
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the solidified coating 40 and notthatof the coating immediately on impacting the
substrate 19 which may have a higher temperature. Hence, the temperature sensor

13 is preferably mountedso thatit lags behind the impactpositionofthe 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 importantaspectof the present invention. Control of

temperature affects the amount of thermal stress in the coating, a low stress

reducing the possibility of cracks forming in the coating.

In accordance with one embodimentof the 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 of the 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 betweenthe coating 40 and the substrate 19 providing a good

bond and good coating density, hardness and scratch resistance thus helping to

ensure the long term stability of such a coating. Using a cryogenic fluid such as

liquid nitrogen (77 °K)is quite advantageous and economicalasit does not

require the complication of perfectly sealed rotating inlets and outlets to the
substrate 19 when wateror otherliquid coolants are used. Additionally, cryogenic

fluids such asliquid nitrogen producelarge temperature gradients, thus increasing
the thermal sink-effect. Other liquid coolants such as water are not excluded from

the presentinvention.

The cylindrical substrate 19 may be sealed by a seal 26 at one end and with
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a rotating seal 28 at the other. The seal 28 maybe provided with a sealed

feedthrough 27 for the supply of cryogenicfluid. 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 formsa shield gas around substrate

19 during the spraying process. Particularly preferred cryogenicfluids are liquid

nitrogen, liquid oxygen andliquid air. With some complex ceramic materials, one

or more components may be reducedin the spraying process. For such materials it

may be advantageousto use a shield gas including oxygen,e.g. liquid air or liquid

oxygen, which mayhelp to reoxidise the reduced component. Onthe other hand

with other complex ceramics it may be advantageous to reduce the contact time

with oxygen at high temperatures, under which conditionsliquid nitrogen would

be preferred, or a reducing gas maybeincluded 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 and in particular to

prevent condensation of water on the substrate 19. This may be achieved by

generally air conditioning the air around the substrate 19 to reduce its dew point.

It is preferred if the deposition rate is selected in order to maintain the

substrate surface temperatures mentioned above. Assumingthecylindrical

substrate as shownin Fig.1, the rotation speed of the substrate 19, the linear

speed of the gun 12 andthe 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,Cu30O, layer. The rotational speedof the

substrate 19 maybe in the range 10 to 100 RPM with a surface speedin the range

1 to 40 m/min andthe longitudinal feed of the gun 12 in the range 1-3 m/min,

typically 2 m/min. The deposition rate per reciprocating pass of the gun 12 may

be 10 to 50 micron thickness of the coating. About 10% to 15% of the deposited
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coating had maintainedthelattice structure of the powder and exhibited

superconducting properties. It will be appreciated by the skilled person that

increasing the deposition speed, deposition thicknessper pass or the flame

temperature or reducing the thermal conductivity of the substrate material will

increase the thermalload on the cooling system and adjustmentsofone or more of

these parameters may be necessary to obtain satisfactory coatings. The thermal

conductivity of the deposited material is preferably between 1 and 5 Wm"K”.
Whendeposited on a steel substrate the thermal conductivity preferably lies

within the range 25 to 125 Wm''K”. These valuesare particularly preferred for

YBazCu30;coatings. Preferably, an adhesion promoter layer is applied onto the

substrate before application of the coating of the metal oxide combination. The

adhesion promoter maybe a layer of Ni-Al or a layer ofan 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 metalis included in the oxide material to improveelectrical and

thermalproperties of the deposited layer. The noble metal is preferably silver.

The noble metal may in includedasa salt or oxide, e.g. silver nitrate or silver

oxide, in the material to be sprayed. Preferably, the electricalresistivity 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 added to lower

the resistivity. These values are particularly preferred for YBa;Cu3O;coatings.

Fig. 2 is a schematic representation ofa further embodimentof the flame

spraying process and apparatusin accordancewith the presentinvention.

Componentsin Fig. 2 with the same reference numbersas in Fig. 1 refer to

equivalent items. The substrate 19 in accordance with this embodimentis a foil or

sheet of metal, plastic or other flexible material which is wound from a pay-off

spool 32 to a take-up spool 36. Where the final coating 40 cannotbe spooled, the

foil with coating 14 may be drawn linearly from the pay-off spool 32 and cut into

lengths. The coating 40, which may be a superconducting layer, is flame sprayed
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with a flame spray gun 12 similar to the one described with respect to Fig. 1. In

particular it is preferable to use a fuel with a lower calorific value than acetylene

such as natural or town gas, butane orpropane. Preferably, the temperature of the

flame of the gun 12 imparts a temperature of 1500 °Cor less, more preferably

1200 °C or less 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 precursors thereof, e.g. nitrates, or may be in the form ofa slurry

of powders, e.g. oxides, or a solution, e.g. of nitrates. Gun 12 maybecontrolled

by hand or more preferably by a robot to provide zigzag motionsacross the width

of foil 19 thus applying an even coating 40. Preferably a layer of 10 to 50 micron

thickness is applied in each pass.

The temperature of the coating 40 may be monitored by one or more

optical sensors 13, 15. The temperature ofthe foil 19 is regulated by meansof a

cryogenicfluid supplied from a container 16 to a series of holes or jets 29 via

conduit 17, a controllable valve 11 and a conduit 30. The valve 11 is controlled

by a controller 14 to maintain the temperature of the foil as determinedby 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 ofdifferent parts of the foil 19 or

coating 40. Optionally, an optical encoder 34 maybeattachedtoa roller 35. The

optical encoder may beread with an optical sensor 37, 38, the pulse frequency

generated in the sensor 37, 38 being proportionalto the linear speedof the foil 19.

This value mayalso be used by the controller 14 to control the complete process

to maintain the temperatures and coating thicknesses mentioned above.

When producing superconducting coatings 40,it is preferred if there is no

condensation of water onto the coating 40 nor onto the foil 19 soit is preferred if

the atmosphere around the deposition equipmentis air conditioned to reducethe
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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. Oneaspect ofthe present

invention is the flame spraying of powders which already have superconducting

properties in the powder form. Using the methods in accordance with the present

invention it is possible to flame spray such coatings and retain 10% to 15% of

superconducting property of the coating 40 produced withoutextensive post-heat
treatments.

The superconducting and/or ceramic powder and/or metallic powder to be
used for flamespraying 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 may beflame sprayed as powders, slurries or liquid solutionsin

accordance with 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,Sr2Ca,.1Cu,Oy, T]2BazCa,.;Cu,029+3, HeBa2Ca,.;Cu,O2n+2+8; Or BazCa,.

102n+2, or CaBayCa,.;Cu,O2,18; or cuprate high temperature superconductors of

the general formula A,,E2Ry.;Cu,O2n+m+2 Where A, E, R are selected from various

cations such as A= Bi, Tl, Hg, Pb, Cu or a lanthanide element, E = Ba or Sr and R

= Ca orrare earth element; or piezo-electric ceramics, for example, with the

general formula M(Zr,Ti).,)O, where M = Pb, BaorSr; or refractory ceramic

oxides, nitrides, carbides or phosphates, e.g. Al,O3, MgO, Zr,Oy; or metals and

their alloys.

In accordance with a further embodimentofthe present invention a method

is provided for production of suitable ceramic powders, Bystarting from aqueous

solutions containing the salts of the metals in the correct proportions a reactive

precursor powder can be obtained using commercially available spray drying

equipmentin batches of kilograms. The type ofsalt (mostly nitrates) should

preferably be compatible with thermal decomposition to oxides in further

Ex. 1052, Page 1238



Ex. 1052, Page 1239

20

25

WO 99/61674 PCT/EP99/03599

16

processes such as sintering or flame spraying. In accordance with the present

invention spray dried nitrate powders may be flame sprayed directly or the

powders mayfirst be sintered and then flame sprayed.

A spray drying system 50 in accordance with an embodimentofthe present

invention for the delivery of powdersuitable for subsequentflamesprayingis

shownschematically 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

through anair dryer and optionalpre-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 of the liquid. Theliquid is atomised in a

co-current two fluid nozzle 71 by the dry pressurised air 51 and dischargedit into

a chamber 56 whereit dries to a powder. Theliquid from source 53 may be a

solution ofsuitable nitrates or a slurry of the relevant oxides with the addition of

other agents such as binders.

Air 65 is drawn in by fan 63 over a heater 64 and introduced into chamber

56 via a ring orifice 72 which surroundsthe outlet of the spray head 71. The air

65 also heats the spray head 71. The circumferential air flow 65 guidesthe

evaporating liquid in chamber 56 andhelps to prevent the powdersticking to the

walls of the chamber 56. Theair throughputof fan 63 is chosen so that powder of

the correct grain size is swept from chamber 36 through an optional heater section

58 into a powdercollector 59. Heavierparticles 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 cycloneis preferred. The cyclone

discharges the powderinto a removable container 60 sealed to the bottom of the

cyclone 59. Spentair is removed via the trap 61 and scrubbedin scrubber 12 to
remove impurities. The final clean air is exhausted to atmosphere bythe fan 63

which controlsair flow through the system.

The control system 66 - 70 for the process functions as follows. The
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rotational speedofthe centrifugal air pump 53, the temperature ofthe heating

element 64 and the flow of the atomised air are set with controller 67, 70. Air

flowis measured by gauge 68. The temperatureof the hot air 65 andtheairin the

tube leading from the chamber56to the optional heater 58 is monitored using

thermocouples 66, whereas final powder temperature is monitored by temperature

sensor 69.

After spray drying, the powder maybesintered in a single step. For

example, to produce a superconducting powderof the general formula

YBa2Cu;O; with optional Ag, the required nitrates are dissolved in waterin the

correct stoichiometric proportions and spray dried as indicated above. Thenitrates

are then reduced to oxidesby sintering at 920 - 960 °C for 40 to 60 hours.

Optionally the nitrates mayfirst be reduced by heatingin air at 780 °C for 10

hours before sintering at the above temperatures and times. The YBazCu3;0,

powder producedbythis procedure is superconducting. On aspectof the present

invention is to produce powders with superconducting properties by spray drying

and optional sintering and then to flame spray these superconductive powdersat

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 procedurethe 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 timein the melt is long. By lowering the flame temperature and

shortening the time in the melt phase by cooling the coating very rapidly in

accordance with the present invention, somelocal crystal organisation is kept in

the final flame sprayed coating, e.g. about 10% of the final coating is in the

superconducting phase, thus providing a coating on the substrate with an optimum

starting condition for further heat processing to develop full superconducting

properties. The addition of the metallic silver enhances the thermal and

mechanicalproperties in later flame spraying and magnetron sputtering.

Alternatively, 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 ofsilver 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 producedby 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 oxide slurries do not require

sintering before flame spraying. The organic binder may be burntout during

flame spraying orin a specialsintering step.

Spray drying of 10% by weightnitrate solutions generally produce grain

sizes of 3 micron on average with at least 90% of the 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 andsieving of this sintered powder may produce

amassfraction 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 slurries rather than

solutions, allows control of the grain size in the final powder to between 2 and

100 microns. For example, the present invention includes the addition of organic

binders such as polyvinyl acetate (PVA)to the liquid to be spray dried to control

grain size in the final powder. Such binders may be burnt outin a later high

temperature process such assintering. An average grain size of 40 to 80 microns

is preferred for good flame spray deposition. The final powder maybelightly

milled and sieved to be improve the homogeneity of grain sizes.

One aspect of the present inventionis the inclusion of silver metal in the

final superconducting ceramic coating. This is achieved as mentioned above by

inclusion of about 20% to 30% by weight of the ceramic materials ofsilver nitrate

whennitrate solutionsare spray dried and the flame sprayed or by addition of
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Ag)O powderin an oxideslurry which is then spray dried and flame sprayed. The

addition of silver in the flame sprayed material is beneficial for the inter-grain

adhesion and heat dispersal during flame spraying thus yielding a strong and

dense coating. The silver improves the 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 containing silver.

The flame spraying process in accordance with the present invention

allows the reconditioning of targets for sputtering magnetrons.It is well known

that the presence ofa static race-track plasma on a magnetron target during

sputtering results in an erosion groove and poortarget utilisation. Using the flame

spraying processofthe present invention such a wom target may be reconditioned

by spraying the appropriate target material into the erosion groove and building

up the target to its former thickness in these regions. By providingthe intensive

cryogenic cooling described above, the general target temperature maybekept

below 400 °C,preferably below 150°C and most preferably between room

temperature (~25°C) and 100°C. These low temperaturesresult in little damage to

the existing target material whilestill providing a mechanically strong coating in

the old erosion grooves. Suchas processis particularly economic when thetarget

material is expensive such as superconducting materials. The flame spraying gun
12 described above maybe hand heldand the 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 12 tofill up the erosion

groovein thetarget.

While the invention has been shown and described with reference to

preferred embodiments,it will be understood by those skilled in the art that

various changes or modifications in form and detail may be made without
departing from the scope andspirit of this invention as definedin the attached

claims.
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CLAIMS

1. A composite comprising: 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 atleast 10% of the coatingis in a superconductive

phase

3. The composite according to claim 1 or 2, wherein the compositeis a target for a

sputtering magnetron.

4. The composite according to claim 3, wherein the targetis 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, morepreferably at 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 thermal conductivity 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

coating is 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 impactofa 0.036 kg steel ball from a height of 1 metre,

preferably from 1.5 metre.

10. The target or a composite in accordance with any previous claim, wherein the

spraying is one of plasmaspraying andflame spraying.

11. A method of depositing by spraying a superconductorprecursorlayer onto a

cylindrical target for a sputtering magnetron,the layer having a thicknessofat least

3 mm, and at least 10% ofthe layer being in a superconductive phase.

12. A methodof depositing by spraying a layer onto a substrate, the layer having a

thickness ofat least 5 mm,and the 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 according to 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 of reconditioning a used target for a sputtering magnetron having an

erosion groove in 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 groove in the target material; and target material flame sprayed or

atmospheric plasma sprayed into said grooveto restore the thickness ofthe target

material to that of the unused material.
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Claims
 

1. Process for the preparation of highly pure mechanically stable and densetargets ofrare

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

vaporization installations by meansofthe action ofpressure and temperature on a corresponding

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

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

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

composition are inserted.

Description

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

and dense targets of rare earths and thetransition metals iron, cobalt and/or nickel for cathode
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evaporation and vaporization installations by means ofthe action ofpressure and temperature on

a corresponding powder mixturein 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 occuts between cathode(target) and

counterelectrode, during which impactingionseject particles of atomic size from the target,

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

Either inert gases such as argonor 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 ofa reaction product.

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

meansofelectron bearn 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 meansofnon-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 owingto thermal stress and can crumble into

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

certain desirable target geometries cannot be prepared.

Powder-metallurgical processes exhibit problems with those target materials containing

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

Dueto the large specific surface area of the powder andthe resulting reactivity, high-value target

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

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

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

the potential oxidation of the entire target.

These preparation difficulties appear particularly for targets containing a predominance
ofrare earths and transition metals.
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A powder-metallurgica! process for the preparation of targets of rare earths and the

transition metals iron, cobalt and nickel is known from DE-OS35 37 191, for which a powder

mixture ofrare 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 be carried 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 earthsisstill 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 ofrare earths and the transition metals iron,
cobalt and/or nickel for cathode evaporation and vaporization installations by means of the

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

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

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

This problem is solved in accordance with the invention by meansofthe fact 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 shavingsnotas 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

ofthe transition metals and are compacted into 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 under inert gas.

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

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

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

formed by meansofdiffusion at the boundaries of the rare earth phases and thetransition metal

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

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

technical expense andto 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 ofmaster alloys of rare earths with corresponding

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

shavings and powders,e.g., by means ofmachining, such as milling or filing underprotective
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gas, which is not possible without difficulty with pure rare earth metals, owingto their ductility,

even with subsequent grinding. During the comminutionprocess, the brittle phase portionsofthe

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 means of inert gas atomization, lower values of

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

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

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

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

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

more favorably in comparison to atomization ofpure 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 areless than one hourand, 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 masteralloys.

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

greater detail:

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

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

(10° Pa). Subsequent pulverization and further processingis 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 xm and havinga yield of70-80% is

obtained by means ofsubsequent grindingin a ball mill. The desired target composition of, e.g.,

67 atom% iron, 25 atomterbium and 8 atom% cobalt 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-temperature isostatic pressing (HIP), hot-rolling and hot-forging in

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

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

200 Mpapressure and 20 minuteresidencetimeat the final temperature were selected. Sheet
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steel cans were used as containers, which prior to being broughtinto the installation were

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

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

and residual eutectic. The density is > 99% ofthe theoretical density, the oxygen contentless

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

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

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

possible are to be observed.

For compacting by means of hot-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 puretarget 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.

Forhot-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 achievabledensity is,at

60% conversion ~ 99% ofthe theoretical density.

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

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

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

atomizing temperature of 700-800°C can be selected. This comparatively very low atomizing

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

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

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

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

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

processes described in Example1, highly pure, compact, stable molding bodies having oxygen

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

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

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

the grain structure is not very brittle, the blend portion of free iron can be reduced in comparison
with the intermetallic phases by varying the composition of the master alloys, The magnetic

properties of the targets, which are important for magnetron sputtering, can be improved bysaid
means.
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Zur Herstellung von hochreinen, mechanisch stabilen und
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tallen Eisen, Kobalt und Nickel auf pulvermetallurgischem
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DE3738738C1
BUNDESDRUCKEREI 12, 88 808 164/374 80

Ex. 1052, Page 1260



Ex. 1052, Page 1261

1

Patentanspriiche

1. Verfahren zur: Herstellung von hochreinen me-
chanisch stabilen und dichten Targets fir Katho-
denzerstiubungs- und Bedampfungsanlagen aus
Seltenen Erden und den Ubergangsmetallen Eisen,
Kobalt und/oder Nickel durch Einwirkung von
Druck und Temperatur auf entsprechende Pulver-
gemische in 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, daB Vorlegierungen mit eutektischer Zu-
sammensetzung eingesetzt werden.

Beschreibung

Die Erfindung betrifft ein Verfahren zur Herstellung
von hochreinen, mechanisch stabilen und dichten 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-
sche in Inertgasatmosphire oder unter Vakuum.

Targets werden in Anlagen zur Kathodenzerstau-
bungundzur Bedampfung von Gegenstanden benétigt.
Mit Hilfe der Kathodenzerstaubung (Sputtern) und des
Bedampfens kénnen diinne Schichten auf Substraten
erzeugt werden, deren Anwendungvon funktionalen
Schichten in der Elektronik und Datentechnik iber
Korrosions- und Verschlei8schutzschichten bis zu opti-
schen Schichten fir dekorative. und warmetechnische
Zweckereicht. .

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

Als Gasentladungsatmosphire 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 kénnen dblicherweise 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 hdhere Anteile an sprdden 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-
iber hinaus sind solche Materialien meist nicht mecha-
nisch bearbeitbar, so daB bestimmte winschenswerte
Targetgeometrien nicht herstellbar sind.

“PS 37 38 738
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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-
Ben spezifischen Oberfliche.der Pulver und der daraus
resultierenden Reaktionsfreudigkeitlassen sich keine.
hochwertigen Targetqualititen mit niedrigem Sauer-
stoffgehalt pulvermetallurgischherstellen.

AuBerdem weisen pulvermetallurgisch hergestellte
Produkte meist eine zum Teil offene Restporositat auf,
die bei sauerstoffempfindlichen Targetmaterialien we-
gen der méglichen Oxidation des gesamten Targets
nichttolerierbarist.

Diese Herstellungsschwierigkeiten treten insbeson-
dere bei Targets auf, die iberwiegend 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
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, wobei: sich eine
sprédeintermetallische Verbindung an der Grenzflache
zwischen dem Seltenen Erdmetall und dem Ubergangs-
metall ausbildet. Dieses Verfahren hat den Nachteil, daB
die Warmverformung aufwendig mindestens zwei Stun-
den lang erfolgen mu8, wodurch sich bemerkbare Men-
gen an sprédenintermetallischen Phasenbilden, daB-die
Pulverherstellung bei den Seltenen Erden mit Schwie-
tigkeiten verbundenist und der Sauerstoffgehalt im Pul-
ver der Seltenen Erdennochrelativ hochist. .

Es war daher Aufgabe dervorliegenden Erfindung,
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
auf entsprechende Pulvergemische in Inertgasatmo-
sphire 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 erfindungsgemaB dadurch gelist,
daB die Seltenen Erden in Form von Vorlegierungen mit
den entsprechenden Ubergangsmetallen eingesetzt
werden.

Vorzugsweise werden Vorlegierungen mit eutekti-
scher Zusammensetzungeingesetzt. ;

Die reaktionsempfindlichen Seltenen Erden werden
nichtals solche, sondern als Vorlegierungen aus Selte-
nen-Erden undden entsprechenden Ubergangsmetallen,
die im Vergleich zuden reinen Komponentenniedrigere
Schmelzpunkte aufweisen, zu Pulvern und/oder Sp&nen
verarbeitet, mit Pulvern und/oder Spanen der Ober--
gangsmetalle gut durchmischtund zu Targets kompak-
tiert. Die Kompaktierung dieser Mischung kann durch
Sintern, Warmwalzen, HeiSpressen, Warmschmieden,
HeiBisostatische PreBverfahren oder Kombinationen
daraus im Vakuum oderunterInertgaserfolgen.

Die Kompaktierungsbedingungen (Temperatur,
Druck, Zeit, Umformungsgrad) werden so gewahlt, daB
ein mechanisch stabiles Verbundmaterial entsteht, des-
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-
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den, Durch die Verwendung von Vorlegierungen zwi-
schen Seltenen Erden und Obergangsmetallen kénnen
relativ niedrige Kompaktierungstemperaturen und kur-
ze Kompaktierungszeiten ausgewahlt werden. Das
fihrt zu einem verminderten technischen Aufwand und

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

Es hat sich tberraschenderweise 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 bei den reinen Seltenen
Erd-Metallen auf Grund ihrer Duktilitat auch mit nach-

folgendem Mahlen nicht ohne Schwierigkeiten mdglich
ist. Die spréden Phasenanteile des auBerst feinen Gefi-
ges der Vorlegierungen bewirken beim Zerkleinerungs-
vorgang die 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 Atmosphire und auf-
grund der kirzeren Verweilzeit in der Anlage, niedrige-
re Werte an Verunreinigungen und geringere Sauer-
stoffgehalte im Pulver erzielt. Desweiteren lassen sich
hier die Verdisungsparameter (Uberhitzung, Abkthlra-

’ te, ProzeBgasdruck usw.) in weiten MaBen optimieren,
so da8 die.Pulverausbeute und die Kornfraktion im Ver-

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

Die Verwendung von Vorlegierungen aus Seltenen
Erden und Ubergangsmetallen fihrt im Vergleich zur
Verwendung der reinen Seltenen Erden tiberraschen-
derweise zu wesentlich kiirzeren Kompaktierungszei-
ten, was einen bedeutendenwirtschaftlichen Vorteil die-
ses Verfahrens bedeutet.

Die Kompaktierungszeiten liegen in der Regelunter-
halb einer Stunde, meist unterhalb von 30 Minuten. Dar-
iiber hinaus zeigen die erfindungsgema8 hergestellten
Targets im Vergleich zu Targets, die pulvermetallur-
gisch aus den reinen Metallen hergestellt wurden, giin-
stigere mechanische und magnetische Eigenschaften.
Diesberuht, 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 stammendenResteutektikum. .

Die folgenden Beispiele sollen das erfindungsgem4Be
Verfahren naher erladutern:

1) Zur Herstellung von hochreinen, kompakten,
- mechanischstabilen 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 Wellenfra-
sers wird der Gu8block zu grobem Pulver zerspant.
Durch anschlieBendes Mahlen in einer Kugelmihle
erhalt man ein Terbium-Eisenpulver mit einer mitt-
leren KorngréBe < 105 pm und mit einer Ausbeute
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von 70--80%. Die gewiinschte Targetzusammen-
setzung von z. B.67 Atom%Eisen, 25 AtomTer-
bium und 8 Atom% Kobalt wird durch 20 miniti-

ges Mischen der entsprechenden Eisen-, Kobalt-
und Vorlegierungspulvermengenin einem Taumel-
mischer eingestellt.
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-
wahlt. Als Behalter wurden Stahlblechkannen ver-

wendet, die vor Einbringen in die Anlage bei 300°C
tiber 3 Stunden evakuiert wurden. Man erhdlt auf
diese Weise mechanisch stabile, bearbeitbare
Formk6rper, die ein Ungleichgewichtsgefiige aus
Eisenk6érnern, 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 Gefilges
bedingt. Es sind daher méglichst kurze Haltezeiten
einzuhalten.

Fir das Kompaktieren durch Warmwalzen wird
das Pulvergemisch in eine Eisenblechkapsel einge-
ftillt, 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 Gefigeist 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 durchgefihrt 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 Atom%Gadolinium,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 Verdii-
sungstemperatur erméglicht 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 Atmosphiare ver-
gleichsweise gering ist. Des weiteren zeigt die Vor-
legierungsschmelze bei dieser Temperatur eine
gimstige Viskositét und Oberflachenspannung, so
daB die verdtisten Pulver gute Ausbeuten von z. B.
80—90%bei einer Korngrd8e <88 pm aufweisen.
Mit Hilfe der in Beispiel 1 beschriebenen Misch-
und Kompaktierungsverfahren erhalt man eben-
falls hochreine, kompakte, stabile Formkérper mit
Sauerstoffgehalten <1000 ppm. Die Ungleichge-
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wichtsgeftige bestehen. wiederum aus Eisenkér-
nern, Zonen von intermetallischen Phasen und Re-
steutektikum.
Dadie intermetallischen Phasenin den Vorlegie-
rungenfeinverteilt vorliegen, und das Gefilge nicht
sehr verspréden, lassen sich die Mengenanteile an

. freiem Eisen im Vergleich zu den intermetallischen
Phasen durch Variation der Zusammensetzungder
Vorlegierungen reduzieren. Die magnetischen Ei-
genschaften der Targets, die fir das Magnetron-
sputtern wichtig sind, lassen sich hierdurch verbes-
sern.
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(57)[ABSTRACT OF THE DISCLOSURE]

[PURPOSE]

Preventthe crack by heatof a target material.

[CONSTITUTION]

The target material 1 containing a required

element adheres to the backing plate 3 by the

bonding material2.

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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(SeerFROR] [CLAIMS]

(RA 1) [CLAIM 1]
Rye yvATSU— bias A sputter target, in which the target material

nee —Fy bMASA V HOHE which adhered to the backing plate is
koCHRORAIA partitioned into many subsections by the offset
WTVS2A, RtL¥—Ay be rate slot, or many fragments of a target material

DERO|\FOF 7 /VAKY Ric adhere to the backing plate in the shapeofatile

RyeYITSV— RABE sticking.
TWHILLERBETSARY

B-H-#ob,

(FARR 2 ] [CLAIM 2]
RR 1 OAANyYF + ¥—7 Asputter type ion source, which has the sputter

YReATWSUL ERE target of Claim 1.
PEARY FHA AE

(Fe ORAR 72H) [DETAILED DESCRIPTION OF THE
INVENTION]

(0001) [0001]

(EXLORAGE) [INDUSTRIAL APPLICATION]
ASA, MFT LA Y—4'y This invention relates to the sputter target which

hoORIN BV IEAZ. y FW is used for the sputter type ion source which

AAVUBSICAWS AY» prevents the crack of the target material by

4—-A7y hATS. heat.

{0002} [0002]

(HERORG) [PRIOR ART]
AKy RMA AU. Ave As shown in the front elevation of FIG.4(a), and

—hARY FY) Y 73ESITB sectional drawing of said (b) in the A-A, the

WAARyY A+ F—-A%y brs, sputter target in a sputter type ion source, an

7131/2006 4/12 Copyright (C) 2006 The Thomson Corporation.
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B4 (a) OIEMM, tDOA-

ARTCOR (b) OBR

THI, SIAZACVA AY. A

AYU-ACAR YF ENSM

BORKASRRKODI—Yy

KM LER YS 4 VY TH CE

DERYHEVYITFV— |} 3H

GUCHRMENTIS, #-F

» ht Litas y FH, AHO

SIRVES FAVA AY, NK

VE TY E-ADRK Y

MRSENSMPb, CORHOE

HUA yeYASPE—b 3G

HAVEIRV HT SN

Do

{0003]

(BABMAL EDL TSR

a]

WPHAAR YF © F—-Hy}hO

U4 ADBAES OmmEEOK

ZEXEDOEDILRSZL, F-By

hit 1 BAEHORVHHO

Bi, Avy PH,Ay

bit 1 OBAAMALECOR

Bie k SPUICAS REBEL

4S$ommRItkyo, #¥-Ay}

MASBVTLEDIULEBHS,

{0004]

ARH, SAACCA AvIe

KZMRBC, F—4y bE

NS-LEMILLEAN YB

¥—-By }ORBESE BHETS

bDCHS,

7131/2006

THOMSON

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 plasmaion and an

ion beam.

A target material 1 is heated by the shockof 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 plasma or anion.
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{0005]

[RBCRRTSROOFR)

ABRIL ANF + F-By

heEBWYT, Av eUVTISE—

hitHa@cnky—-F vy bes

AVHOBickLoCtBZRO)E

BOBS NTW SAY Mis,

4—Y yy KEDSBRO)ABF

A MEEO IRIAN yy EUTPE

KISS NCWSr LRER

SRRLTSZEDCHY). EL

CT. PRZARYF + F#—-By

he AR y FHA AVIA

ROLEXGMLETSAELOCS,

[0006]

(FA)

B— Hey HDA Y FO Bevis
PRHOFA VAIEDTBAIT ED,

IES DBHEMTWISDD, F

4SHBUT IS tt SMNFRAIT K SRA

REDSO47HKICRRFSOOL

BRD, ¥—-Fy }HOE

LAMECOMEDBES»

S<MzbN. ANYF + F-

Hy KORINBAUCRY, EL

TC. PRSZI—-AybRALY

AAA AVILAS TM eIE

MY, A AFYU-ABRELTH

HArS,

{0007]

7131/2006
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rth

[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 subsectionsby 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 bythe heat in each

partition region does not affect another partition

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 doesnotarise.

Andit can pull out an ion beam with stability by

using this target for a sputter type ion source.

[0007]
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(ZePi]

KAEROZKAMTOVCHA

SRUCRATS. Bl (a),

(b) HAVHOBAICLSA

RyF -F—-Fy }OEMHR
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Be RYEVITFU—b SITAR

VIF 4AVYIK 2 CHHASNKEF

—Hy ba 1c, PROB KIZ

AVEO (AU BY VLD

WIAA DVT AYTITE AB)

AQT, ¥—Ay beH1LE—

W231 OmmBE OSB ROME

HLH4S. AY HOw

4t4, DRS LERY-—Fy bet

PRS ICHERR SIVTVAVISTIEDC

mOD, M1 (b) Chessy

VIF V—bh3ITECBLTY

SBLORRUTWSA,

[0008]

Bl2 (a). (b) MFT AVAEY

BROARYF +> #—-HybO

ERR LtOA-ARCOMM

HCh). POY —-Ay bHE

—21 OmmBEO)F 12

CHLTHE, PHPZBKO

BBY bOI 12 RY

FAVAR AE, FAW

RED TBRCAN EYTSU +f

3BS.

{0009}

CDEDRF-Ay bh 1 HY

{JIV%—W 2 1 OO mmBELO.

RBA LH 14, 1214
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[EXAMPLES]

With reference to drawing, it demonstrates the

Example ofthis 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, FIG1(b) shows what has reached

even the backingplate 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 fragment 12 of the target material

of these many to a backing plate 3 in tile

sticking form by the bonding material2.

[0009]

Thus, the target material 1 is partitioned into the

subsection whose onesideis all 10 mm level or

fragment 1,, and 12, therefore

7112 Copyright (C) 2006 The Thomson Corporation.
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(0010)
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SEHSEOIZ, ANYVH + F—

Fy bORMBERAKILAC SO
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JICFSL, ¥-Ay b HOR

WHC, COBRA 5S mmB

FEIDEL, ArSy FEHBENS

APBD < 2S, BS (a)

RU (b) Hh, PHAZAaAY

GDAR YF + B-By biLA

YO FSH LEDOOERR

&, COA-ARCOMMATC

HS, MLICHLEDKOLMR

i, RMDBRAKICA Cone

¥—Yo bRLERYFAUT

Ber kLotNyveVvISV—

3ith@lLtKE, AY HO

H4eHRMTSrI EKKO,

4-H y hI eESRO)EA

CABITS, MAI LAZANY

4-8y hORNASPILE TC
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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 doesnot 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 cutlet 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 material will

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 into many

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 shown in 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.
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{0011]

(3855 OME]
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TWHRb, ANY RHI, F
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AMBRE IT LAPUDESREINS
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zo
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ERECSMPOEBMCA,
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RyFB B-Boy PORBBAITH

EMCHS,

(BateFRSieBAA)

(B21)

ARWOZKAMOERRRUM

meCHS.

(2)

thoish)OleRROtzl

CHS.
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It is sufficient to implementtile sticking form like
FIG. 2.

[0014]

[ADVANTAGEOF THE INVENTION]

Asfor 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

expansionof the thickness direction in a target

material etc., and can prevent the crack of a

target material.

[0012]

And in the case of the sputter target with which

it could pull out the ion beam stably, and

particularly the surface was scoopedout 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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[23]

BEITftOFHePl ETEtHIOT

HHCHS.
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EmRMRUMHNMCHS,
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[FIG. 3]

Furthermore, it is the front elevation and

sectional drawing of another Example.

[FIG. 4]

It is the front elevation and sectional drawing of

a sputter target of the past.

[DESCRIPTION OF SYMBOLS]

1,1;,12 target material

2 Bonding material

3 Backing plate

4 Offset rate slot

[FIG. 1]

[FIG. 2]

10/12 Copyright (C) 2006 The Thomson Corporation.
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(213) [FIG. 3]

 
[214] [FIG. 4]

1

4

:
A A 3

(b)
(a)
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3.0] Copies ofthe 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.
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3) EX] information Disclosure Statement(s) (PTO/SB/08) 5) L} Notice of Informal Patent Application

Paper No(s)/Mail Date 8/15/06, 6/12/06. 6) (] other:

 
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20060905
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DETAILED ACTION

The Declaration under 37 CFR 1.132 filed June 12, 2006is insufficient to

overcometherejection of claims 21 and 43 based upon Smolanoff et al. in view

of Fu et al. as set forth in the last Office action because: using an specific type of

filter is a matter of design choice depending on the quality of product needed,

and it is obvious that the filter is going to work at certain frequencies.

Furthermore,the limitation “thefilter is a band rejection filter at a frequency of the

bias power’is a structural limitation in a method claim, so no matter whatfilter is

used, as long as the sameresult is achieved.

Applicant's arguments with respect to claims 21 and 43 have been

considered but are moot in view of the new ground(s)of rejection.

Claim Rejections - 35 USC § 103

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

all obviousnessrejections set forth in this Office action:

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

Claims 10-13, 21 and 40-45 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Smolanoff et al. (6,117,279) in view of Fu et al. (6,306,265).
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With respect to claims 21, 40 and 43, Smolanoff et al. disclose providing

pulsed DC power (21) througha filter (22) to a target (16) (Col. 5, lines 50-55);

providing RF bias power to a substrate (15) positioned opposite the target (Col.

5, lines 60-65); providing process gas between the target and the substrate (Col.

7, lines 25-28); wherein thefilter protects a pulsed DC power supply (21) from

the bias power, and wherein a plasma is created by application of the pulsed DC

power to the target (Col. 6, lines 8-13); and wherein the film is deposited by

exposure of the substrate to the plasma (Col. 6, lines 30-33); using an specific

type offilter is a matter of design choice depending on the quality of product

needed, and it is obvious that the filter is going to work at certain frequencies.

Furthermore, the limitation “the filter is a band rejection filter at a frequency of the

bias power’is a structural limitation in a method claim, so no matter whatfilter is

used, as long as the sameresult is achieved, as explained above.

Smolanoff et al. do not clearly disclose wherein conditioning the target

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

target and sputtering with the target in a poisonous mode to prepare the surface.

Fu et al. disclose wherein conditioning the target includes sputtering with

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

with the target in a poisonous modeto prepare the surface (Col. 19, lines 35-40).

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

combinethe teachings of Smolanoff et al. and Fu et al. to enable the conditioning

step of Smolanoff et al. to be performed according to the teachings of Fu etal.

because one of ordinary skill in the art would have been motivated to look to
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alternative suitable methods of performing the disclosed conditioning step of

Smolanoff et al. and art recognized suitability for an intended purpose has been

recognized to be motivation to combine. See MPEP 2144.07.

With respect to claim 8, Smolanoff et al. disclose wherein the process gas

includes a mixture of oxygen and argon (Col. 7, lines 21-27).

With respect to claim 10, Smolanoff et al. disclose wherein the process

gas further includes nitrogen (Col. 7, lines 25-26).

With respect to claim 11, Smolanoff et al. disclose wherein providing

pulsed DC powerto a target includes providing pulsed DC power to a target

which has an area larger than that of the substrate (Seefig. 1).

With respect to claims 12 and 49, Smolanoff et al. disclose further

including uniformly sweeping the target with a magnetic field (Col. 6, lines 1-7).

With respect to claims 13 and 50, Smolanoff et al. disclose wherein

uniformly sweeping the target with a magnetic field includes sweeping a magnet

in one direction across the target where the magnet extends beyond the targetin

the opposite direction (Col. 6, lines 1-6).
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Claims 2-4, 6 and 22-24 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-

13 and 21 above, and furtherin view of the following comments.

With respect to claims 2-4, 6 and 22-24, 41, 42, 44-48, One of ordinary

skill in the art would have been led to the recited temperature, DC power, gas

flow, time pulse and bias power to routine experimentation to achieve a desire

layer thickness, device dimension, device associated characteristics and device

density on the finished waferin view of the range of values disclosed.

In addition, the selection of temperature, DC power, gasflow, time pulse

and bias power, its obvious because it is a matter of determining optimum

process conditions by routine experimentation with a limited number of species of

result effective variables. These claims are prima facie obvious without showing

that the claimed ranges achieve unexpected results relative to the prior art range.

In re Woodruff, 16 USPQ2d 1935, 1937 (Fed. Cir. 1990). See also In re Huang,

40 USPQ2d 1685, 1688 (Fed. Cir. 1996)(claimed ranges or a result effective

variable, which do not overlap the prior art ranges, are unpatentable unless they
produce a new and unexpected result which is different in kind and not merely in

degree from the results of the prior art). See also In re Boesch, 205 USPQ 215

(CCPA)(discovery of optimum value of result effective variable in known process

is ordinarily within skill or art) and In re Aller, 105 USPQ 233 (CCPA 1995)

(selection of optimum rangeswithin prior art general conditions is obvious).

Note that the specification contains no disclosure of either the critical

nature of the claimed temperature, DC power, gas flow, time pulse and bias
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poweror any unexpected results arising therefrom. Where patentability is said to

be based upon particular chosen temperature, DC power, gas flow, time pulse

and bias power or upon anothervariable recited in a claim, the Applicant must

show that the chosen temperature, DC power, gas flow, time pulse and bias

powerare critical. In re Woodruf, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936

(Fed. Cir. 1990).

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21

above, andfurtherin view of Le et al. (2003/0077914).

The combination of Smolanoff et al. and Fu et al. does not disclose

wherein the film is an upper cladding layer of a waveguide structure and the bias

poweris optimized to provide planarization.

With respect to claim 7, Le et al. disclose wherein the film is an upper

cladding layer of a waveguide structure and the bias power is optimized to

provide planarization Page 5, Paragraph [0075].

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

combine the teachings of Smolanoff et al., Fu et al. and Le et al. to enable the

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

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

to alternative suitable film materials for the disclosed film formation step of

Smolanoff et al. and art recognized suitability for an intended purpose has been

recognized to be motivation to combine. See MPEP 2144.07.
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With respect to claim 9, Le et al. disclose wherein the oxygen flow is

adjusted to adjust the index of refraction of the film (Page 5, Paragraph [0076)).

Allowable Subject Matter

Claim 14 is allowed.

Conclusion

Any inquiry concerning this communication or earlier communications from

the examiner should be directed to Michelle Estrada whose telephone 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

assignedis 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 wnose 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-
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