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UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVIISS IONER FOR PATENTS

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

APPLICATION NO. PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
2294

SUE DATE

l2/942.763 08/28/2012 8252675 5649-2985

20792 7590 08/08/2012

MYERS BIGEL SIBLEY & SAJOVEC
PO BOX 37428

RALEIGH, NC 27627

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above—identified application will include

an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above—identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Teim Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management

(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pair.11spto.gov for additional applicants):

J ongwon Lee, Hwaseong-si, KOREA. REPUBLIC OF;
Bou11 Yoo11, Seoul, KOREA, REPUBLIC OF;

Sang Yeob Han, Anyang-si, KOREA, REPUBLIC OF;
Chae Lyoung Kim, Hwaseong-si, KOREA, REPUBLIC OF;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IRl03 (Rev. 10/09)
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PART B - FF.E(S) TRANSMITTAL

Complete and send this form, together with applicable l'ee(s), to: $11 Mail Stop ISSUE FEECommissioner l'or Patents
v.0. Box 1450
Alexandria, Virginia 22313-1450

or Egg (571)-273-2885 
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be conipleted where
tip ropriztte. All further L‘0i‘rEspL)ndenCe including the Pat:-nt, advance orders and notificatioii of maintenance fees will be mailed to the current t'ori"espoiidence uddr s as
in icated unless corrected below or directed otherwise in Block 1. by (ii) specifying kl new correspondence address; and/or (b) indicating ii sepzirute "Fl-ll~l AlJl,)Rl~lSS" tinmaintenance fee notifications.

CUititEt\’TCORRESPONDENCEADDRESS(Noic:Use Block lforany chmisc ofnddrcss) Note: A certificate of mailing can only be used for domestic mailings of theFee(s) Transmittal. This certi ieiite cannot be used lor any other iiretinipiinying

papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.
20792 7590 06/22/2017.

MYERS & I C(‘.l‘.llf‘l(:flie of Mailing 0I“Tl‘il'l‘ISlIllSSl0l'.) _ _
PO BOX 37428 I hereb certi that this Fee(s Transmittal is being deposited with the United

States ostal Lplrvilp/is H1/lgl SUfIlClfitJ]Il3p§ElEg€jgf first Elass mail in an envelope‘ ‘ a ressed to e at to SS Ll ress Lt uve, or being laesiniie
RALEIGH’ NC 27627 transmitted to the USPTO ( 71) 273-2885, on the date indicated below.

' [li:p.t\ilt\r.\ mm.-

W" ”**~‘““’ “WEN” *"“'°1‘“”" "‘“’"*‘l N‘ ’i
12/942,763 1 1/00/2010 Jongwnn Lee 50492935 2204

'l‘l’l‘l.i~'. or INVENTION: METHODS or FORMING civios TRANSISTORS WITII IIIGH CONDUC'I'IVl'l‘Y GATF. F.i.F.CTRoi)F.s

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

NO $300 $0iionprovisional 09/24/ZOI 2

EXAMINER ART UNI'l' CLASS-SUBCLASS

BROWN, VALERIE N 43 8~592000

1. Change ufcorrespondeiice address or indication oi‘ "Fee Address“ (37 2. l’or printing on the patent front page, list _>
(‘ FR ]‘363)‘ ‘ (1) the names of up to 3 registered patent attorneys I MYERS B ——GEL S T PJLEYEl Chan c of eorres ndence address (or Change oi Correspondence or agents OR, alternatively, _

Address mm PTO/ B/I22) attached’ (2) the name of a single firm (having as a member a 2 & SAJOV~
l_l "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 0302 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name. is 3
Nu[nl)e]' is required, listed, no name will be printed. ‘T

3. ASSIGNED NAME AND RESIDENCE. DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. IF an assignee is identilied below, the document has been tiled [orreeordatinn as set forth in 37 CFI 3.11. Completion of this form is NOT a substitute for filing an assignment,

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Samsung Electronics Co., Ltd. Republic of Korea

l‘lt'ast' check the appropriate iissignee category or categories (will not be printed on the patent) : Individual Corporation or other priviilc group entity (im'eriiint-tit

~lti. The lolloiving leets) are submitted: 4b. Pziyment ol‘l‘ee(s): (Please iirst reapply uiiy pre\'iously puid issue fee shown :lllIl\‘t‘i
Issue Fee :l A check is enclosed.

a Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
D Advance Oi-dc: - # ofcopics XlThe Director is hereby authorized to charge the required fee(s), any rleficienry, or credit any

overpayment, to Deposit Account Number 5 0 - 2 2 (enclose an extra copy of this form).

5. Change in Entity Stains (From status indicated 2|l')lUl?E)
D a. Applicant claims SIVIALL EN Y status,/Se 37 CFR 1.27. :1 b. Applicant is no longer claiming SMALL l:'N'l'l'l'Y Status. Sec 3'] CFR l.27(g)(2).

NOTE: The Issue Fee and Publication Fee (ifreqiiired)§i will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assigiiee or other piuiy in
interest as shown b the records Ul:;[I'lt' United States P tent and Trademark Office.

Dule ;DJ.l¥_2,4,,_,,ZOl2 , ,, ,,

Registration No. 3 6

This collection of iiiformntion is re Ajuiged by 37 CFR l.3l l. The iiil'ormatiiiii is ret uired to obtain or retain a benefit by the public which is to file (and by the llSP'l'O in pmti'\'s)
an appliciition. Cunfidentiality_is ‘ ,erned by 35 U.S.C. l2’2"and 37 CPR 1.14. 'l' ‘is collection is estimated to take 12 minutes to complete, including gathering. preparing, and
subniitiing the completed application term to the USPTO. lime will vzu ' de lndin upon the individual case. Any comments on the amount ol time you require to L'0IllplL'tL‘
this furni and/or su gestiuns for redueiiig this burden, should be sent in t e C ief In ormatioii Officer, U.S. Patent and 'Ti‘ademai'k Office, U.S. Department oi’ Ct)ll‘lIllt’|'t.‘t:‘. l’.().Box 1450, Alcxan ria, Virginia 223l3~ I450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, I’.0. Box 1450.
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/1 1) Approved for use through 08/31/2013. OMB 065l~0033 US. Patent and Tradeniark Office; US. DEPART,\/IENT OF COM)/lT{l{(‘E



NVIDIA Corp. 
Exhibit 1002 

Page 003

Electronic Patent Application Fee Transmittal

Filing Date: 09-Nov-2010

METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY

Title of Invention: GATE ELECTRODES

First Named Inventor/Applicant Name: Jongwon Lee

Filer: Grant J. Scott/Gwen Bailey

Filed as Large Entity

Utility under 35 USC 11 1 (a) Filing Fees

Sub-Total in

USD($)

Basic Filing:

Claims:

Description Fee Code Quantity

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-lssuance:

Utility Appl issue fee 1501 1740 1740

1 l 300 l 300Publ. Fee— early, voluntary, or normal I 1504 l
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Sub-Total in

Description USD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)
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Electronic Acknowledgement Receipt

13321396

Confirmation Number:

METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY

Title of Invention: GATE ELECTRODES

First Named Inventor/Applicant Name: Jongwon Lee

Customer Number: 20792

Filer Authorized By: GrantJ. Scott

Attorney Docket Number: 5649-2985

Filing Date: 09-NOV-2010

Time Stamp: 10:32:18

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

PaymentType Deposit Account

Payment was successfully received in RAM $2040

RAM confirmation Number

Deposit Account 500220

Authorized User

Document Document Description File Size(Bytes)/ Multi Pages
Number Message Digest Part /.zip (ifappl.)
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155658

Issue Fee Payment (PTO—85B) 5649—2985_FeesTransmitta|.pd 671d 1 §a(88fia87f743h9f9P5f7(7fl7l'v(5l 3r
Odbl

Fee Worksheet (SB06) fee—info.pdf 9e9eLd7Ll 861 l7l.;4l.1d873376dle36L76460
eedde

Information:

Total Files Size (in bytes) 188038

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTNIENT OF CO3/HVIERCE
United States Patent and Trademark Office
Addicss: COl\/INIISSIONER FOR PATENTS

P.O. Box 1450
Alexandiia. Virginia 223 13—1430www.uspto.goV

NOTICE OF ALLOWANCE AND FEE(S) DUE

20792 7590 06/22/2012

MYERS BIGEL SIBLEY & SAJOVEC
PO BOX 37428

RALEIGH, NC 27627

EXAIVIIN ER

BROVVN, VALERIE N

ART UNIT PAPER NUMBER

2897

DATE MAILED: 06/22/2012

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

12/942,763 11/09/2010 5649-2985 2294
TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES

Jongwon Lee

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSITE FEE TOTAL FEE(S) DUE DATE DUE

N0 $300 $0 $2040 0nonprovisional $1740 9/24/2012

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOVVED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TIIE MERITS IS CLOSED. TIIIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAVVAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORIVI
VVILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

II. PART B — FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USFTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or @ (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent. advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDENCEADDRESS(N0te:UseB10C1< lforanychanseofaddress) Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, must
'1
ave its own certificate of mailing or transmission.20792 7590 06/22/20l2

MYERS BIGEL SIBLEY &S _ Certificate of Mailing or Transmission _ _
PO BOX 37428 I hereby certify that this Fee(s) Iransmittal 1S being deposited with the LnitedStates Postal Service with sufficient postage for first class mail in an envelope
RALEIGH, NC 27627 addressed to the Mail Stop ISSUE FEE address above, or being facsimiletransmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositofs name)

tslgnatule)

(Date)

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

12/942,763 11/09/2010 Jongwon Lee 5649-2985 2294
TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLIC ATION FEE DUE PREV. PAID ISSITE FEE TOTAL FEE(_'S) DUE DATE DUE

N0 $0nonprovisional $ 1740 $300 09/24/2012

EXAMINER ART UNIT CLASS-SUB CLASS

BROWN, VALERIE N 2897 438—592000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page. list
CF 1 1.363). ~ . .(I) the names of up to 3 registered patent attorneys

3 Chan e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Addrfis Orm PTO/SB/122) auachcd‘ (2) the name of a single firm (having as a member a
3 "Fee Address" indication (or "Fee Address" Indication form registered attorney Or agent) and the names 0f “P t_0
>TO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer Zregislered patent attorney: or agents. If no name Is
Number is required_ listed, no name will be printed.

3. ASSIGNE3 NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

DLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.ll. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
3 Issue Fee 3 A check is enclosed.

3 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO-2038 is attached.
3 Advance Order _ # of Copies :IThe Director is hereby authorized to charge the required fee(s), any deficiency, or credit any \overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

3 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. :l b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. I22 and 37 CFR 1.14. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de endin upon the individual case. Any comments on the amount of time you require to complete
this form and/or su gestions for reducing this burden, should be sent to the C ief In ormation Officer, U.S. Patent and Trademark Office, US. Department of Commerce. P.O.
Box 1450, Alexan ria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORVIS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinformation unless it displays a valid OMB control number.

PTOL—85 (Rev. 02/] 1) Approved for use through 08/31/2013. OMB 0651-0033 US. Patent and Trademark Office; US. DEPARTMENT OF COVIMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTNIENT OF CO3/HVIERCE
United States Patent and Trademark Office
Addicss: COIVINIISSIONER FOR PATENTS

P.O. Box 1450
Alexandria Virginia 22313-1430wWw.uspto.goV

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

12/942,763 11/09/2010 Jongwon Lee 5649-29 85 2294

EXAIVIINER

MYERS BIGEL SIBLEY & SAJOVEC BROWNNALERIEN
PO BOX 37428

RALEIGH, Nc 27627
2897

DATE MAILED: 06/22/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half

months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If :1 Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pairuspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or

expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

. A record from this system of records may be disclosed, as a routine use, in the course of presenting

evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be

required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(0)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designec, during an inspection of records conducted by GSA as part of
that agency‘s responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance

with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

'. A record fro111 this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35

U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in

which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. App|icant(s)

, , _ 12/942,763 LEE ET AL.
Notice of Allowability Examiner

VALERIE N. BROWN

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed). a Notice of Allowance (PTOL—85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. This communication is responsive to 02/28/12.

2. [I An election was made by the applicant in response to a restriction requirement set forth during the interview on
the restriction requirement and election have been incorporated into this action.

3. The allowed c|aim(s) is/are 1-5 and 21-30.

4. El Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a) I:I All b) I:I Some* c) I] None of the:

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

a

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

3. El Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [I A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. El CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

(a) El including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) El hereto or 2) I:I to Paper No./Mail Date

(b) E] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the from (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. I:I DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. El Notice of References Cited (PTO—892) 5. El Notice of Informal Patent Application

2. El Notice of Draftperson‘s Patent Drawing Review (PTO-948) 6. El Interview Summary (PTO-413),
Paper No./Mail Date .

3. El Information Disclosure Statements (PTO/SB/O8). 7. El Examiner’s Amendment/Comment
Paper No./Mail Date

4. El Examiner’s Comment Regarding Requirement for Deposit 8. IX Examiner’s Statement of Reasons for Allowance
of Biological Material

9. El Other .

US. Patent and Trademark Office

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120612
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REASONS FOR ALLOWANCE

l. The following is an examiner’s statement of reasons for allowance: Claim 1 recites

forming a metal buffer gate electrode layer on the gate insulating layer; forming a dummy gate

electrode on the buffer gate electrode layer, said dummy gate electrode layer and said buffer gate

electrode layer comprising different materials gate insulating layer; patterning the dummy gate

electrode layer and the buffer gate electrode layer in sequence to define a buffer gate electrode

on the gate insulating layer and a dummy gate electrode on the buffer gate electrode and filling a

space between the inner sidewalls of the spacers by depositing a second metal layer onto a

portion of the first metal layer extending between the inner sidewalls of the spacers to thereby

define a metal gate electrode comprising a composite of the second metal layers layer, a portion

of the first metal layer having a U—shaped cross—section and the buffer gate electrode. These

limitations in combination with the other limitations as set forth in the claims are neither taught

nor suggested in the prior art. Claims 2-5 depend from claim 1 and are allowable for at least that

reason.

2. Claim 21 recites the limitations forming a first metal gate electrode layer on the gate

insulating layer; forming a dummy gate electrode layer on the first metal gate electrode layer,

said dummy gate electrode layer and said first metal gate electrode layer comprising different

materials; patterning the dummy gate electrode layer and the first metal gate electrode layer in

sequence to define a dummy gate electrode on the patterned first metal gate electrode layer and

pl anari zing the third metal gate electrode layer and the second metal gate electrode layer to

thereby define a composite metal gate electrode of a PMOS transistor between the inner
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sidewalls of the spacers, said composite metal gate electrode comprising a portion of the third

metal gate electrode layer, a portion of the second metal gate electrode layer having a U—shaped

cross-section and the patterned first metal gate electrode layer. These limitations in combination

with the other limitations as set forth in the claims are neither taught nor suggested in the prior

art. Claims 22-30 depend from claim 21 and are allowable for at least that reason.

Any comments considered necessary by applicant must be submitted no later than the

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

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to VALERIE N. BROWN whose telephone number is (571)270-

5015. The examiner can normally be reached on Mon—Fri 8:00am-5:00pm EST.

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

supervisor, Fernando Toledo can be reached on 571 272-1867. The fax phone number for the

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



NVIDIA Corp. 
Exhibit 1002 

Page 014

Application/Control Number: 12/942,763 Page 4

Art Unit: 2897

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll—free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

/Fernando L. Toledol

Supervisory Patent Examiner, Art Unit
2897

/VALERIE N BROWN/

Examiner, Art Unit 2897
06/12/12
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Attorney Docket No. 5649-2985 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: LEE et al. Confirmation No.: 2294

Serial No.: 12/942,763 Group No.: 2829

Filed: November 9, 2010 Examiner: Brown, ValerieN

For: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH
CONDUCTIVITY GATE ELECTRODES

Date: February 28, 2012

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

Dear Sirs:

This paper is responsive to the Office Action mailed January 19, 2012 regarding

the above-referenced patent application. Please amend this application as follows and

reconsider the rejections of the claims for at least the reasons presented in the following

remarks.

Please charge any fee for an extension of time and/or additional fee(s)-including

fees for net addition of claims under 37 C.F.R. §1.136(a) and any additional fees

believed to be due in connection with this paper to our Deposit Account No. 50-0220.
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Listing of Claims:

1. (Currently amended) A method of forming an insulated-gate transistor,

comprising:

forming a gate insulating layer on a substrate;

forming a metal buffer gate electrode layer on the gate insulating layer;

forming a dummy gate electrode lgfl on the buffer gate electrode layer, said

dummy gate electrode layer and said buffer gate electrode layer comprising different

materials ;

patterning the dummy gate electrode layer and the buffer gate electrode layer in

seguence to define a buffer gate electrode on the gate insulating layer and a dummy

gate electrode on the buffer gate electrode;

forming electrically insulating spacers on sidewalls of the dummy gate electrode

and on sidewalls of the buffer gate electrode;

covering the spacers and the dummy gate electrode with an electrically insulating

mold layer;

removing an upper portion of the mold layer to expose an upper surface of the

dummy gate electrode;

removing the dummy gate electrode from between the spacers by selectively

etching back the dummy gate electrode using the mold layer and the spacers as an

etching mask;

depositing a first metal layer onto an upper surface of the mold layer and onto

inner sidewalls of the spacers and onto an upper surface of the buffer gate electrode;



NVIDIA Corp. 
Exhibit 1002 

Page 020

in re: LEE et al.

Serial No.2 12/942,763

Filed: November 9, 2010

Page 3

filling a space between the inner sidewalls of the spacers by depositing a second

metal layer onto a portion of the first metal layer extending between the inner sidewalls

of the spacers to thereby define a metal gate electrode comprising a composite of the

flrstane second metal layers layer, a portion of the first metal layer having a U—shaped

cross-section and the buffer gate electrode.

2. (Currently amended) The method of Claim 1, wherein the second metal layer

comprises aluminum, the first metal layer comprises titanium nitride and the buffer gate

electrode comprises titanium nitride

3. (Currently amended) The method of Claim 1, wherein the insulated—gate

transistor is a PMOS transistor; and wherein the gate insulating layer comprises

hafnium oxide - -

materials.

4. (Currently amended) The method of Claim 1, wherein the dummy gate

electrode comprises polysilicon.

5. (Currently amended) The method of Claim 1, wherein m saiel—fermil=lg—a

buffer gate

electrode comprises eemprieing titanium nitride or tantalum nitride  wamg

layer.

6.—20. (Canceled).
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21. (New) A method of forming an integrated circuit device, comprising:

forming a gate insulating layer on a substrate;

forming a first metal gate electrode layer on the gate insulating layer;

forming a dummy gate electrode layer on the first metal gate electrode layer, said

dummy gate electrode layer and said first metal gate electrode layer comprising

different materials;

patterning the dummy gate electrode layer and the first metal gate electrode

layer in sequence to define a dummy gate electrode on the patterned first metal gate

electrode layer;

forming electrically insulating spacers on sidewalls of the dummy gate electrode

and on sidewalls of the patterned first metal gate electrode layer;

removing the dummy gate electrode from between the spacers by selectively

etching back the dummy gate electrode using the spacers as an etching mask;

depositing a second metal gate electrode layer onto inner sidewalls of the

spacers and onto an upper surface of the patterned first metal gate electrode layer;

depositing a third metal gate electrode layer onto the second metal gate

electrode layer to thereby fill a space between the inner sidewalls of the spacers, said

second and third metal gate electrode layers comprising different materials;

planarizing the third metal gate electrode layer and the second metal gate

electrode layer to thereby define a composite metal gate electrode of a PMOS transistor

between the inner sidewalls of the spacers, said composite metal gate electrode

comprising a portion of the third metal gate electrode layer, a portion of the second

metal gate electrode layer having a U-shaped cross-section and the patterned first

metal gate electrode layer.

22. (New) The method of Claim 21, wherein said planarizing comprises

planarizing the third metal gate electrode layer and the second metal gate electrode

layer in sequence to reveal the portion of the second metal gate electrode layer having

a U—shaped cross-section.
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23. (New) The method of Claim 21, wherein said removing the dummy gate

electrode is preceded by:

covering the spacers and the dummy gate electrode with an electrically insulating

mold layer; and

removing an upper portion of the mold layer to expose an upper surface of the

dummy gate electrode.

24. (New) The method of Claim 23, wherein said depositing the third metal gate

electrode layer is preceded by:

filling a space between the inner sidewalls of the spacers with a dummy filler

layer that contacts the second metal gate electrode layer;

removing an upper portion of the second metal gate electrode layer from

between the inner sidewalls of the spacers and the dummy filler layer to define a

second metal gate electrode layer having a U-shaped cross-section; and

removing the dummy filler layer to expose the second metal gate electrode layer.

25. (New) The method of Claim 21 , wherein said patterning the dummy gate

electrode layer and the first metal gate electrode layer comprises patterning the dummy

gate electrode layer and the first metal gate electrode layer in sequence to define a

second dummy gate electrode on the patterned first metal gate electrode layer; and

wherein said forming electrically insulating spacers on sidewalls of the dummy gate

electrode is followed by replacing the second dummy gate electrode with an upper

metal gate electrode of an NMOS transistor.

26. (New) The method of Claim 25, wherein the gate insulating layer comprises a

dielectric material selected from a group consisting of hafnium oxide and tantalum

oxide; and wherein a gate electrode of the NMOS transistor comprises the upper metal

gate electrode and a portion of the patterned first metal gate electrode layer.
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27. (New) The method of Claim 26, wherein the portion of third metal gate

electrode layer of the PMOS transistor and the upper metal gate electrode of the NMOS

transistor comprise different metals.

28. (New) The method of Claim 27, wherein the portion of third metal gate

electrode layer of the PMOS transistor comprises titanium nitride and the upper metal

gate electrode of the NMOS transistor comprises aluminum.

29. (New) The method of Claim 27, wherein the gate electrode of the NMOS

transistor comprises a composite of aluminum and titanium nitride.

30. (New) The method of Claim 21, wherein the gate insulating layer comprises a

dielectric material selected from a group consisting of hafnium oxide and tantalum

oxide.
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REMARKS

Applicants appreciate the examination of the application that is evidenced by the

Official Action of January 19, 2012. In response to the Official Action, Applicants have

amended Claims 1-5 to highlight aspects of the invention that are nowhere disclosed or

suggested by the cited prior art, including U.S. 8,039,381 to yet] et al. and US.

7,871,915 to _L_im et al. In addition, new Claims 21-30 have been added to replace

original Claims 6-20, which have now been canceled. Applicants respectfully submit

that all pending claims are now in condition for allowance because, among other things,

none of the cited prior art, even when combined, discloses or suggests the recited

method steps associated with forming composite gate electrodes of PMOS/NMOS

transistors within a CMOS integrated circuit.

For example, Claim 1 highlights the formation of a metal buffer gate electrode

layer on a gate insulating layer, as highlighted by FIG. 2 of the present application. This

metal buffer gate electrode layer, which is shown as a planar metal layer 20, is

patterned as a buffer gate electrode 20 during a process of patterning a dummy gate

electrode layer 22, as shown by FIG. 3. As illustrated by the right side of FIGS. 4-17,

and highlighted by Claims 1 and 21, a gate electrode 46 of a PMOS transistor can be

formed as a composite of three independently patterned metal layers (20, 36 and 42),

which may include a vertical stack of TiN, TiN and Aluminum metals, for example.

In stark contrast, FIG. 15 of [em et al. only shows a method of forming a gate

electrode as a composite of two metal layers (730 and 740), with no underlying planar

buffer gate electrode (e.g., non U-shaped). Similarly, Li_m et al. provides absolutely no

disclosure or suggestion of any planar metal buffer gate electrode (see, e.g., Claim 1) or

any patterning of a first metal gate electrode layer in advance of forming electrically

insulating spacers and in advance of removing a dummy gate electrode (see, e.g.,

Claim 21). Instead, gm et al. merely illustrates conformal deposition of multiple metal

layers in sequence into pre—formed recesses in order to define composite metal gate

electrodes. But, this method of l__im et al. is prone to void formation when used to

fabricate relatively narrow gate electrodes associated with highly integrated transistors.
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This void formation may result from a premature closure of the recess during each

conformal metal deposition step.

Applicants further submit that neither X13 et al. nor L_im et al. disclose the

formation of CMOS (e.g., NMOS and PMOS) transistors having different gate electrode

cross-sections or NMOS and PMOS transistors having planar buffer gate electrodes,

which are patterned directly on gate insulating layers, such as a relatively high-k

insulating layers (e.g., hafnium oxide, tantalum oxide). Applicants submit, therefore,

that none of the cited prior art discloses or suggests the subject matter of the pending

claims.

For at least these reasons, Applicants respectfully submit that all pending claims

are now in condition for allowance. Applicants further request the Examiner to contact

the undersigned in the event any issues remain which may prevent the issuance of the

present application.

Respectfully s mitted,

. ‘L1

5 tration No. 36,925

USPTO Customer No. 20792

Myers Bigel Sibley & Sajovec
Post Office Box 37428

Raleigh, North Carolina 27627

Telephone: 919/854-1400
Facsimile: 919/854-1401

CERTIFICATION OF TRANSMISSION

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in accordance with
§ 1.6(a) (4) to the U.S. Patent and Trademark Office on Tuesday, February 28, 2012.

cutmggafiGwen Bailey

#1126912
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— If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
— Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office laterthan three months after the mailing date ofthis communication, even iftimely filed, may reduce any
earned patent term adjustment. See 37 CFR1.704(b).

Status

1)IZ Responsive to communication(s) filed on 28 December 201 1.

This action is FINAL. 2b)IZ This action is non-final.

An election was made by the applicant in response to a restriction requirement set forth during the interview on

j; the restriction requirement and election have been incorporated into this action.

Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

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

Disposition of Claims

5)IZ Claim(s)1-_20is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
is/are allowed.

is/are objected to.

are subject to restriction and/or election requirement.

Application Papers

10)|:I The specification is objected to by the Examiner.

11)|:| The drawing(s) filed onj is/are: a)|:| accepted or b)|:| 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).

12)|:| 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

13)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119( )—(d) or (f).

b)I:l Some * c)|:| None of:

Certified copies of the priority documents have been received.

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

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

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

* See the attached detailed Office action for a list of the certified copies not received.
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Paper No(s)/Mail Date 12/28/11. 6) D Other: .
U.S. Patent and Trademark Office

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120113
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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 made in this Office action:

A person shall be entitled to a patent unless

(e) the invention was described in (l) an application for patent, published under section l22(b), by another filed
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for
patent by another filed in the United States before the invention by the applicant for patent, except that an
international application filed under the treaty defined in section 35l(a) shall have the effects for purposes of this
subsection of an application filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English language.

2. Claims 1, 2, and 6 are rejected under 35 U.S.C. l02(e) as being anticipated by US

8039381 (Yeh et al).

Pertaining to claim 1, Yeh discloses (according to Fig. 7-15) forming a gate insulating

layer (1 l0)on a substrate (102); forming a dummy gate electrode (118) on the gate insulating

layer; forming electrically insulating spacers (116) on sidewalls of the dummy gate electrode;

covering the spacers and the dummy gate electrode with an electrically insulating mold layer

(122); removing an upper portion of the mold layer to expose an upper surface of the dummy

gate electrode (Fig. 8); removing the dummy gate electrode from between the spacers by

selectively etching back the dummy gate electrode using the mold layer and the spacers as an

etching mask (Fig. 9); depositing a first metal layer (702) onto an upper surface of the mold layer

and onto inner sidewalls of the spacers (Fig. 10), filling a space between the inner sidewalls of

the spacers with a dummy filler layer that contacts the first metal layer (Fig. 11); removing an
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upper portion of the first metal layer from between the inner sidewalls of the spacers and the

dummy filler layer (Fig. 12); removing the dummy filler layer from between the inner sidewalls

of the spacers to expose the first metal layer (Fig. 14); and depositing a second metal layer (740)

onto a portion of the first metal layer extending between the inner sidewalls of the spacers to

thereby define a metal gate electrode comprising a composite of the first and second metal layers

(Fig. 15).

Referring to claims 2 and 6, Yeh discloses said filling a space is followed by

a step of planarizing the dummy filler layer to expose a portion of the first metal layer on the

upper surface of the mold layer (Fig. 12) and removing an upper portion of the first metal layer

comprises selectively etching the first metal layer using the dummy filler layer and the mold

layer as an etching mask (Fig. 13 and column 6 lines 44-53).

Claim Rejections - 35 USC § 103

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

obviousness rejections set forth in this Office action:

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

4. Claims 1-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over US 7871915

(Lim et al) in view of US 8039381 (Yeh et al).

Concerning claim 1, Lim discloses forming a gate insulating layer (216) on a substrate

(202); forming a dummy gate electrode on the gate insulating layer (column 5 lines 11-20);
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forming electrically insulating spacers (220) on sidewalls of the dummy gate electrode; covering

the spacers and the dummy gate electrode with an electrically insulating mold layer (230 and Fig.

2A and column 5 lines 1-10); removing an upper portion of the mold layer to expose an upper

surface of the dummy gate electrode (Fig. 2A and column 5 lines 1-10); removing the dummy

gate electrode from between the spacers by selectively etching back the dummy gate electrode

using the mold layer and the spacers as an etching mask(column 5 lines 11-20); depositing a first

metal layer (246) onto an upper surface of the mold layer and onto inner sidewalls of the spacers

(Fig. 1 block 108 and column 5 lines 30-44); filling a space between the inner sidewalls of the

spacers with a dummy filler layer that contacts the first metal layer (column 5 lines 45-60);

removing the dummy filler layer from between the inner sidewalls of the spacers to expose the

first metal layer(column 5 lines 5-65 and column 6 lines 1-10); and depositing a second metal

layer onto a portion of the first metal layer extending between the inner sidewalls of the spacers

to thereby define a metal gate electrode comprising a composite of the first and second metal

layers (Fig. 2D and column 6 lines 3-20), but does not disclose removing an upper portion of the

first metal layer from between the inner sidewalls of the spacers and the dummy filler layer.

However, Yeh discloses (according to Figs 7- 15) a method of forming a gate structure using a

dummy structure, in which the metal layer is etched back to a height lower than that of the mold

layer (Fig. 12) and that this configuration provides improved formation of the metal gate and

minimizes/ eliminates the formation of voids (column 7 lines 26-33). Therefore it would have

been obvious to one of ordinary skill in the art at the time of the invention to incorporate this

process step in the invention of Lim in order to achieve the aforementioned advantages.
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Considering claim 8, Lim discloses forming a first and second gate insulating layer (21 6)

on a substrate (202); forming first and second dummy gate electrode on the first and second gate

insulating layer (column 5 lines 11-20); forming first and second electrically insulating spacers

(220) on sidewalls of the first and second dummy gate electrode; covering the first and second

spacers and the first and second dummy gate electrode with an electrically insulating mold layer

(230 and Fig. 2A and column 5 lines 1-10); removing an upper portion of the mold layer to

expose an upper surface of the dummy gate electrode (Fig. 2A and column 5 lines 1-10);

removing the first dummy gate electrode from between the spacers (column 5 lines 11-20);

depositing a first metal layer (246) onto an upper surface of the mold layer and onto inner

sidewalls of the spacers (Fig. 1 block 108 and column 5 lines 30-44); filling a space between the

inner sidewalls of the spacers with a dummy filler layer that contacts the first metal layer

(column 5 lines 45-60); removing the dummy filler layer from between the inner sidewalls of the

spacers to expose the first metal layer(column 5 lines 5-65 and column 6 lines 1-10); and

depositing a second metal layer onto a portion of the first metal layer extending between the

inner sidewalls of the spacers to thereby define a metal gate electrode comprising a composite of

the first and second metal layers concurrently with depositing the second metal layer into a space

between the inner sidewalls of the second spacer to thereby define a second metal gate electrode

(Fig. 2D and column 6 lines 3-20), but does not disclose using a mask to prevent removal of the

second dummy gate electrode or removing an upper portion of the first metal layer from

between the inner sidewalls of the spacers and the dummy filler layer. However, Yeh discloses

(according to Figs 7-1 5) a method of forming a gate structure using a dummy structure, in which

the metal layer is etched back to a height lower than that of the mold layer (Fig. 12) and that this
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configuration provides improved formation of the metal gate and minimizes/ eliminates the

formation of voids (column 7 lines 26-33). Therefore it would have been obvious to one of

ordinary skill in the art at the time of the invention to incorporate this process step in the

invention of Lim in order to achieve the aforementioned advantages.

Additionally, it is well known the use of masks as means to prevent the removal of

materials from an area where the presence of the materials is desirable. The selection of a known

material based on its suitability for its intended use supported a prima facie obviousness

determination in Sinclair & Carroll Co. v. Interchemical Corp, 325 U.S. 327, 65 USPQ 297

(1945). See MPEP2l44.07. Therefore absent any evidence that the use of the mask provides a

new and unexpected result, it would have been obvious to one of ordinary skill in the art at the

time of the invention to use a mask in order to remove materials selective to areas where the

removal is not desired. removing an upper portion of the first metal layer from between the inner

sidewalls of the spacers and the dummy filler layer

Continuing to claim 9, Lim discloses providing a substrate (202) having a first active

region and a second active region (Fig. 2A); forming a dummy gate stack on the first active

region and the second active region (Fig. 1 blocks 104), the dummy gate stack comprising a gate

dielectric (216) layer and a dummy gate electrode(column 5 lines 11-20); forming source/drain

regions in the first active region and the second active region(colu1nn 4 lines 55-67) disposed at

both sides of the dummy gate stack; forming a mold insulating layer (230) on the source/drain

regions; removing the dummy gate electrode on the first active region to fonn a first trench on

the mold insulating layer (Fig. 1 block 106); forming a first metal pattern (246), and removing

the dummy gate electrode on the second active region to from a third trench in the mold
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insulating layer (Fig. 1 block l l4 and Fig. 2A); and forming a second metal layer in the second

trench and the third trench to form a first gate electrode on the first active region and a second

gate electrode on the second active region (Fig. 2D and column 6 lines 3-20). wherein the

forming of the second trench and the third trench comprises: stacking a first metal layer and a

dummy filler layer on a top surface of the mold insulating layer and in the first trench;

planarizing the dummy filler layer to expose the first metal layer; and removing the first metal

layer on the top surface of the mold insulating layer and removing an upper portion of the first

metal layer formed between the mold insulating layer and the dummy filler layer to form the first

metal pattem at the lower portion of the first trench, using the mold insulating layer and the

dummy filler layer as an etching mask (Figs. 2A-2E), but does not disclose the first metal layer is

formed at a lower portion of the first trench to fOI‘l’1’1 a second trench. However, Yeh discloses

(according to Figs 7-l 5) a method of forming a gate structure using a dummy structure, in which

the metal layer is etched back to a height lower than that of the mold layer (Fig. 12) and that this

configuration provides improved formation of the metal gate and rninirnizesl eliminates the

formation of voids (column 7 lines 26-33). Therefore it would have been obvious to one of

ordinary skill in the art at the time of the invention to incorporate this process step in the

invention of Lim in order to achieve the aforementioned advantages.

Referring to claims 5-7, Lim discloses forming a dummy gate electrode on the

gate insulating layer is preceded by forming a buffer gate electrode (244) comprising titanium

nitride or tantalum nitride on the gate insulating layer (column 5 lines 20-30), removing an upper

portion of the first metal layer comprises selectively etching the first metal layer using the
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dummy filler layer and the mold layer as an etching mask (column 5 lines 50-67 and column 6

lines 1-3), and the first metal layer comprises titanium nitride (column 5 lines 39-44).

Regarding claims 2 and 10, Lim discloses stacking a first metal layer and a dummy filler

layer on a top surface of the mold insulating layer and in the first trench (Fig. 2B) and removing

the first metal layer on the top surface of the mold insulating layer and removing an upper

portion of the first metal layer formed between the mold insulating layer and the dummy filler

layer to form the first metal pattern at the lower portion of the first trench (Fig. 2C note that a

portion of the upper metal layer is removed by thinning) but does not explicitly disclose

planarizing the dummy filler layer to expose a portion of the first metal layer on the upper

surface of the mold layer. However, there are several different ways in which to remove the

metal layer, i.e. simultaneous removal of the dummy filler layer and the metal layer, planarizing

the dummy filler layer to expose a portion of the first metal layer on the upper surface of the

mold layer, etc. all of which have a reasonable expectation of success in removal of the metal

layer. Therefore absent any evidence that planarizing the dummy filler layer to expose a portion

of the first metal layer on the upper surface of the mold layer provides a new and unexpected

result, it would have been obvious to one of ordinary skill in the art at the time of the invention

to try different methods in order to arrive at the optimal sequence of processes for optimal device

manufacture.

Considering claims 3, 4, 11, and 12 with claims 3 and 11 and 4 and 12 being similar in

scope), Lim discloses forming the dummy gate material of polysilicon and the dummy filler

layer of SOG, but does not disclose that the dummy gate electrode and the dummy filler layer are

formed of the same material or that that material is polysilicon. The selection of a known
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material based on its suitability for its intended use supported a prima facie obviousness

determination in Sinclair & Carroll Co. V. Interchemical Corp., 325 U.S. 327, 65 USPQ 297

(1945). See MPEP2144.07. Therefore absent any evidence that the use polysilicon provides a

new and unexpected result, it would have been obvious to one of ordinary skill in the art at the

time of the invention to use polysilicon because it is suitable for the intended purpose for use as a

dummy gate material.

Concerning claims 13 and 15-18, Lim discloses removing the filler layer on the first

active region and the dummy gate electrode on the second active region to form the second

trench on the first active region and the third trench on the second active region (column 6 lines

46-67), the first metal layer is removed while remaining at a bottom surface and a side lower

portion of the first trench to form the first metal pattem (column 5 lines 5-65 and column 6 lines

1-1 0 note that the first metal layer is thinned thereby leaving a portion in the lower portion in the

trench); forming a spacer (220) on a sidewall of the dummy gate electrode, forming a buffer gate

electrode (244) between the gate insulating layer and the dummy gate electrode, and the buffer

gate electrode comprises titanium nitride or tantalum nitride (column 5 lines 20-30).

Regarding claim 14, Lim discloses) and removing the first metal layer on the top surface

of the mold insulating layer and removing an upper portion of the first metal layer formed

between the mold insulating layer and the dummy filler layer to form the first metal pattern at the

lower portion of the first trench (Fig. 2C note that a portion of the upper metal layer is removed

by thinning) but does not explicitly disclose the first metal layer is removed by an etching

method in which the first metal layer is etched selectively to the dummy filler layer and mold

insulating layer. However, there are several different ways in which to remove the metal layer,
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i.e. simultaneous removal of the dummy filler layer and the metal layer, planarizing the dummy

filler layer to expose a portion of the first metal layer on the upper surface of the mold layer, etc.

all of which have a reasonable expectation of success in removal of the metal layer. Therefore

absent any evidence that planarizing the dummy filler layer to expose a portion of the first metal

layer on the upper surface of the mold layer provides a new and unexpected result, it would have

been obvious to one of ordinary skill in the art at the time of the invention to try different

methods in order to arrive at the optimal sequence of processes for optimal device manufacture.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to VALERIE BROWN whose telephone number is (571)270-5015.

The examiner can normally be reached on Mon—Fri 8:00am-5:00pm EST.

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

supervisor, Ha Nguyen can be reached on 5712721678. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-directuspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll—free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

/VALERIE N BROWN/

Examiner, Art Unit 2829
0 1/13/12

/HA TRAN T NGUYEN/

Supervisory Patent Examiner, Art Unit 2829
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accompanied by E of the following:

[:1 (1) The statement specified under 37 CFR 1.97(e), as follows:

[I Each item of information contained in the information disclosure statement was

first cited in any communication from a foreign patent office in a counterpart foreign

application not more than three months prior to the filing of the information disclosure

statement; Q

E] No item of information contained in the information disclosure statement was

cited in a communication from a foreign patent office in a counterpart foreign application,

and, to the knowledge of the person signing the certification after making reasonable inquiry,

no item of information contained in the information disclosure statement was known to any

individual designated in §1.56(c) more than three months prior to the filing of the information

disclosure statement; g

[I (2) The fee set forth in §1.17(p);
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in re: Lee et al.

Application No.: 12/942,763
Filing Date: November 9, 2010
Page 2 of 2

[:1 In accordance with 37 CFR 1.97(d), the information disclosure statement is being filed after the

period specified in 87 CFR 1.97(c) above, but on or before payment of the issue fee, and is accompanied by

lggh of the following:

CI (1) The statement specified under 37 CFR 1.97(e), as follows:

E] That each item of information contained in the information disclosure statement

was first cited in any communication from a foreign patent office in a counterpart foreign

application not more than three months prior to the filing of the information disclosure

statement; g

CI That no item of information contained in the information disclosure statement was

cited in a communication from a foreign patent office in a counterpart foreign application,

and, to the knowledge of the person signing the certification after making reasonable inquiry,

no item of information contained in the information disclosure statement was known to any

individual designated in §1.56(c) more than three months prior to the filing of the information

disclosure statement; E

El (2) The fee set forth in §1.17(p);

in accordance with 37 CFR 1.97(g), the information disclosure statement shall not be construed as a

representation that a search has been made.

In accordance with 37 CFR 1.97(h), the information disclosure statement shall not be construed to

be an admission that the information cited in the statement is, or is considered to be, material to patentability

as defined in §1.56( ).

E] The Director is hereby authorized to charge the fee specified in 37 C.F.R. § 1.17(p), and any fee

deficiency or credit any overpayment, to Deposit Account No. 50-0220; o_r

El No fee is believed due. However, the Director is hereby authorized to charge any deficiency or

credit any overpayment to Deposit Account No. 50-0220.

Respectfu submitted,

/77/,
G N. Scott

e istration No. 36.925

orney for App|icant(s)

Customer Number 20792

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428, Raleigh, NC 27627
919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in
accordance with 37 CFR § 1.6(a)(4) to the US. Patent and Trademark Office on December 28, 2011.

t,.’i-,iIAr..mi'i~€> “
Name: Gwen Ft. Bailey ‘x
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Com late if Known
A lication Number 12/942,763

INFORMATION DISCLOSURE Filing Date November 9, 2010

STATEMENT BY App|_|cANT I First Named inventor Jongwon Lee‘ Art Unit 2829

use as manlsheets as necessary) Examiner Name Valerie N. Brown
Sheet C1 [of 1 C1 Attorney Docket Number I 56492985

L 1‘ u.s. PATENT DOCUMENTSExaminer ' Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where

lnitlais* . Numbemind Code (“know”) MM-DD—YYYY Applicant of Cited Document Relevant Passages or RelevantFigures Appear

US— 8,039,381 B2 10-18-2011 Yeh et al.

FOREIGN PATENT DOCUMENTS

Examiner Cite No. Foreign Patent Document Publication Date
initiaIs* MM-DD-YYYY

known)-5-_ —
gj —
_- —

NON PATENT LITERATURE DOCUMENTS

Examiner Cite include name of the author (in CAPITAL LETTERS), title of the article [when appropriate), title of the item (book, magazine, journal,
|nma|S* No‘ serial, symposium. catalog, etc.), date, page(s), volume—issue number(s), publisher, city and/or country where published

Examiner Date

Signature Considered
*EXAM|NER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. include copy of this form with next communication to applicant.
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Electronic Patent Application Fee Transmittal

Filing Date: 09-Nov-2010

METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY

Title of Invention: GATE ELECTRODES

First Named Inventor/Applicant Name: Jongwon Lee

Filer: Grant J. Scott/Gwen Bailey

Attorney Docket Number: 5649-2985

Utility under 35 USC 11 1 (a) Filing Fees

Sub-Total in

USD($)

Basic Filing:

Claims:

Description Fee Code Quantity

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-lssuance:

Extension-of-Time:
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Sub-Total in

Description USD($)

Miscellaneous:

Request for continued examination

Total in USD ($)
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Electronic Acknowledgement Receipt

I 1720465

Confirmation Number:

METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY

Title of Invention: GATE ELECTRODES

First Named Inventor/Applicant Name: Jongwon Lee

Customer Number: 20792

Filer Authorized By: GrantJ. Scott

Attorney Docket Number: 5649-2985

Filing Date: 09-NOV-2010

Time Stamp: 15:50:05

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

PaymentType Deposit Account

Payment was successfully received in RAM $930

RAM confirmation Number

Deposit Account 500220

Authorized User

Document Document Description File Size(Bytes)/ Multi Pages
Number Message Digest Part /.zip (ifappl.)
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160277
Request for Continued Examination S649—2985_RCE_Transmitta|.

(RC E) pdf Il§dfiFr93fl37P0al1PP§6047(578 1 (1231 6764
99528

This is not a USPTO supplied RCE SB30 form.

Information:

303608

5649-2985_lDS.pdf 6e486052fd8be3e90b8d6Ibff3d55b5e1 ed -
8(2d

Multipart Description/PDF files in .zip description

Document Description

Transmittal Letter

Information Disclosure Statement (IDS) Form (SB08)

Information:

Fee Worksheet (SBO6) fee-info.pdf ieecgaa90al58860blb93l37db Mal 3(90f
Ob/Id

Information:

Total Files Size (in bytes) 494638

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCTIROI105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/O6 (07-06)
Approved for use through 1/31/2007. OMB 0E351—0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are re uired to resond to a collection of information unless it dis la s avalid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD APP"°a“°“ °’ D°°keI Number F‘”“9 Dale
Substitute for Form PTO-875 12/942,763 1 1/O9/2010 I:I T0 be Mailed

APPLICATION AS FILED — PART I OTHER THAN

(Column 1) (Column 2) SMALL ENTITY 3 OR SMALL ENTITY
FoR NUMBER FILED NUMBER EXTRA RATE (sis) FEE (is) RATE (35) FEE (515)

CI BA5'C FEE N/A N/A N/A37CFR118a, b,or C

I:I SEARCH FEE
37 CFR 1.16'k , (I), or (in N/A N/A N/A

I:I EXAMINATION FEE
(37 CFR1.16( ), (p), or (q)) N/A N/A N/A

TOTAL CLAIMS ,
i'37CFR1.16iI ”"““S 2°=
INDEPENDENT CLAIMS .
i’37CFR1.16(hl ’“'”“53=

If the specification and drawings exceed 100
sheets of paper, the application size fee due

EIAPPLICATION SIZE FEE is $250 ($125 for small entity) for each
(37 CFR 116(5)) additional 50 sheets or fraction thereof. See

35 U.S.C. 41 a 1 G and 37 CFR 1.16 s.

I:I MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

N/A

N/A

N/A

X$ X$

X 69
II X 69

II

* If the difference in column 1 is less than zero, enter “0" in column 2.

APPLICATION AS AMENDED — PART II
OTHER THAN

(Column 1) (Column 2) (Column 8) SMALL ENTITY
CLAIMS HIGHEST

fIEI”Et'i“'“G I ESE”5.Ei3sLy Psisii éEE'II')°”*‘L ’*”E§E‘?I“,"LAMENDMENT PAID FOR

:1

'2;*:r;:".‘?.:i‘. K

D Application Size Fee (37 CFR1.16(s))

I] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(]))

CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY EXTRA FEE ($) FEE ($)AMENDMENT PAID FOR

1.16iI
MM

37 ci=R1 15th

[I Application Size Fee (37 CFR1.16(s))

MinusAMENDMENT
3 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

:If the entry in column 1 is less than the entry/‘in column 2, write “0" in column 3. ‘K H Legal mstrumem Examiner:
If the Highest Number Previously Paid For IN THIS SPACE is less than 20, enter 20 . /AJAY R DAV|D/

*” If the “Highest Number Previously Paid For‘ IN THIS SPACE is less than 3, enter “3".
The “Highest Number Previously Paid For" (Total or Independent) is the highest numberfound in the appropriate box in Column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 114. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the Completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.



NVIDIA Corp. 
Exhibit 1002 

Page 053

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTNIENT OF CO3/HVIERCE
United States Patent and Trademark Office
Addicss: COl\/INIISSIONER FOR PATENTS

P.O. Box 1450
Alexandiia. Virginia 223 13—1430www.uspto.goV

NOTICE OF ALLOWANCE AND FEE(S) DUE

20792 7590 09/28/2011

MYERS BIGEL SIBLEY & SAJOVEC
PO BOX 37428

RALEIGH, NC 27627

EXAIVIIN ER

BROVVN, VALERIE N

ART UNIT PAPER NUMBER

282‘)

DATE MAILED: 09/28/2011

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

12/942,763 11/09/2010 5649-2985 2294
TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES

Jongwon Lee

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSITE FEE TOTAL FEE(S) DUE DATE DUE

N0 $300 $0 $2040nonprovisional $1740 12/28/2011

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOVVED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TIIE MERITS IS CLOSED. TIIIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAVVAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORIVI
VVILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

II. PART B — FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USFTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or @ (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent. advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDENCEADDRESS(N0te:UseB10C1< lforanychanseofaddress) Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, must
'1
ave its own certificate of mailing or transmission.20792 7590 09/28/20ll

MYERS BIGEL SIBLEY &S _ Certificate of Mailing or Transmission _ _
PO BOX 37428 I hereby certify that this Fee(s) Iransmittal 1S being deposited with the LnitedStates Postal Service with sufficient postage for first class mail in an envelope
RALEIGH, NC 27627 addressed to the Mail Stop ISSUE FEE address above, or being facsimiletransmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositofs name)

tslgnatule)

(Date)

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

12/942,763 11/09/2010 Jongwon Lee 5649-2985 2294
TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLIC ATION FEE DUE PREV. PAID ISSITE FEE TOTAL FEE(_'S) DUE DATE DUE

N0 $0nonprovisional $ 1740 $300 12/28/2011

EXAMINER ART UNIT CLASS-SUB CLASS

BROWN, VALERIE N 2829 438—592000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page. list
CF 1 1.363). ~ . .(I) the names of up to 3 registered patent attorneys

3 Chan e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Addrfis Orm PTO/SB/122) auachcd‘ (2) the name of a single firm (having as a member a
3 "Fee Address" indication (or "Fee Address" Indication form registered attorney Or agent) and the names 0f “P t_0
>TO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer Zregislered patent attorney: or agents. If no name Is
Number is required_ listed, no name will be printed.

3. ASSIGNE3 NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

DLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.ll. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
3 Issue Fee 3 A check is enclosed.

3 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO-2038 is attached.
3 Advance Order _ # of Copies :IThe Director is hereby authorized to charge the required fee(s), any deficiency, or credit any \overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

3 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. :l b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. I22 and 37 CFR 1.14. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de endin upon the individual case. Any comments on the amount of time you require to complete
this form and/or su gestions for reducing this burden, should be sent to the C ief In ormation Officer, U.S. Patent and Trademark Office, US. Department of Commerce. P.O.
Box 1450, Alexan ria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORVIS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinformation unless it displays a valid OMB control number.

PTOL—85 (Rev. 02/] 1) Approved for use through 08/31/2013. OMB 0651-0033 US. Patent and Trademark Office; US. DEPARTMENT OF COVIMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTNIENT OF CO3/HVIERCE
United States Patent and Trademark Office
Addicss: COIVINIISSIONER FOR PATENTS

P.O. Box 1450
Alexandria Virginia 22313-1430wWw.uspto.goV

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

12/942,763 11/09/2010 Jongwon Lee 5649-29 85 2294

EXAIVIINER

MYERS BIGEL SIBLEY & SAJOVEC BROWNNALERIEN
PO BOX 37428

RALEIGH, Nc 27627
282‘)

DATE MAILED: 09/28/2011

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half

months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If :1 Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pairuspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or

expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

. A record from this system of records may be disclosed, as a routine use, in the course of presenting

evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be

required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(0)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designec, during an inspection of records conducted by GSA as part of
that agency‘s responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance

with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

'. A record fro111 this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35

U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in

which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. App|icant(s)

, , _ 12/942,763 LEE ET AL.
Notice of Allowability Examiner

VALERIE N. BROWN

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed). a Notice of Allowance (PTOL—85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. This communication is responsive to 09/09/11.

2. [I An election was made by the applicant in response to a restriction requirement set forth during the interview on
requirement and election have been incorporated into this action.

3. The allowed c|aim(s) is/are 1-20.

4. El Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a) I:I All b) I:I Some* c) I] None of the:

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

; the restriction

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

3. El Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [I A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. El CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

(a) El including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) El hereto or 2) I:I to Paper No./Mail Date

(b) E] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the from (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. I:I DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. El Notice of References Cited (PTO—892) 5. El Notice of Informal Patent Application

2. El Notice of Draftperson‘s Patent Drawing Review (PTO-948) 6. El Interview Summary (PTO-413),
Paper No./Mail Date .

7. El Examiner’s Amendment/Comment3. El Information Disclosure Statements (PTO/SB/O8)
Paper No./Mail Date

4. El Examiner’s Comment Regarding Requirement for Deposit 8. IX Examiner’s Statement of Reasons for Allowance
of Biological Material

9. El Other .

US. Patent and Trademark Office

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20110922
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Application/Control Number: l2/942,763

Art Unit: 2829

REASONS FOR ALLOWANCE

l. The following is an examiner’s statement of reasons for allowance: Claims 1, 8, and 9

recite the limitations removing an upper portion of the first metal layer from between the inner

sidewalls of the spacers and the dummy filler layer; removing the dummy filler layer from

between the inner sidewalls of the spacers to expose the first metal layer; and depositing a

second metal layer onto a portion of the first metal layer extending between the inner sidewalls

of the spacers to thereby define a metal gate electrode comprising a composite of the first and

second metal layers. These limitations in combination with the other limitations as set forth in

the claims are neither taught nor suggested in the prior art. Claims 2-7, and 10-20 depend from

these claims respectively and are allowable for at least that reason.

Any comments considered necessary by applicant must be submitted no later than the

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

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Any inquiry conceming this communication or earlier communications from the

examiner should be directed to VALERIE N. BROWN whose telephone number is (571)270-

50l5. The examiner can normally be reached on Mon—Fri 8:0Oa1n—5:00p1n EST.

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

supervisor, Ha T. Nguyen can be reached on 5712721678. 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: 12/942,763 Page 3

Art Unit: 2829

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll—free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

/VALERIE N BROWN/

Examiner, Art Unit 2829
09/22/1 1

/HA TRAN T NGUYEN/

Supervisory Patent Examiner, Art Unit 2829
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Application/Control No. App|icant(s)/Patent Under
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Search N019-9 12942763 LEE ET AL.

Examiner Art Unit

VALERIE BROWN 2829

SEARCHED

Subclass Examiner

4/5/2011
‘ 4/5/2011 ‘

SEARCH NOTES

Search Notes Examiner
Did an EAST class subclass search VNB

Did an EAST text search notes attached 4/5/2011

INTERFERENCE SEARCH

- 
9/19/2011

/VALERIE N BROWN/
Examiner.Art Unit 2829

US. Patent and Trademark Office Part of Paper No. : 20110922
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 12942763 EEE ET AE

VALERIE N BROWN 2829

ORIGINAL INTERNATIONAL CLASSIFICATION

SUBCLASS NON-CLA|MED:-E E rn U

592 21 /336 I2006.01.01)

21/44(2ooe.o1.o1)

cnoss REFERENCE(S) 21 /88 ()

SUBCLASS (ONE SUBCLASS PER BLOCK)
299 637 925

21 /' 4763 (200601 .01I

E21.177 E21.621

E Claims renumbered in the same order as presented by applicant CPA |:I R.1.47[I T. D.

Final Original Final Original Final Original Final Original Final Original Final Original Final Original17
18
19

20

/VALER E N BROWN/

E><aminer.Art Unit 2829 09/22/2011 Total Claims Allowed:

LOO0\lO5U‘l4>-(.0l\J
O

l\)
L.)
4:-

U1
07

20
(Assistant Examiner) (Date)
/HA TRAN T NGUYEN/'

Supervisory Patent Examiner.Art Unit 2829 09/23/2011 O.G. Print C|aim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 14
UISI Patent and Trademark Ollice Part of Paper No. 20110922
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Reexamination

Ind9X Of Claims 12942763 LEE ET AL.

Examiner

VALERIE BROWN

E Claims renumbered in the same order as presented by applicant El CPA El T.D. El R.1.47

CLAIM DATE

Fine“ —n‘

U.S. Patent and Trademark Office Part of Paper No. : 20110922
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Attomey Docket No. 5649-2985 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: LEE et al. Confirmation No.2 2294

Serial No.: 12/942,763 Group No.: 2829

Filed: November 9, 2010 Examiner: Brown, Valerie N

For: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH

CONDUCTIVITY GATE ELECTRODES

Date: September 9, 2011

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

Dear Sirs:

This paper is responsive to the Office Action mailed May 1 1, 201 1 regarding the above-

referencedpatent application. Please amend this application as follows and reconsider the

rejections of the claims for at least the reasons presented in the following remarks.

Please charge the fee for an extension of time and/or additional t’ee(s)—including fees for

net addition of claims under 37 C.F.R. §l . l36(a) and any additional fees believed to be due in

connection with this paper to our Deposit Account No. 50-0220.
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Listing of Claims:

1. (Original) A method of forming an insulated—gate transistor, comprising:

forming a gate insulating layer on a substrate;

forming a dummy gate electrode on the gate insulating layer;

forming electrically insulating spacers on sidewalls ofthe dummy gate electrode;

covering the spacers and the dummy gate electrode with an electrically insulating mold

layer;

removing an upper portion of the mold layer to expose an upper surface of the dummy

gate electrode;

removing the dummy gate electrode from between the spacers by selectively etching back

the dummy gate electrode using the mold layer and the spacers as an etching mask;

depositing a first metal layer onto an upper surface of the mold layer and onto inner

sidewalls of the spacers;

filling a space between the inner sidewalls of the spacers with a dummy filler layer that

contacts the first metal layer;

removing an upper poition of the first metal layer from between the inner sidewalls of the

spacers and the dummy filler layer;

removing the dummy filler layer from between the inner sidewalls of the spacers to

expose the first metal layer; and

depositing a second metal layer onto a portion of the first metal layer extending between

the inner sidewalls of the spacers to thereby define a metal gate electrode comprising a

composite of the first and second metal layers.

2. (Original) The method of Claim 1, wherein said filling a space is followed by

a step of planarizing the dummy filler layer to expose a portion of the first metal layer on the

upper surface of the mold layer.
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3. (Original) The method of Claim 1, wherein the dummy gate electrode and the

dummy filler layer comprise the same materials.

4. (Original) The method of Claim 1, wherein the dummy gate electrode and the

dummy filler layer comprise polysilicon.

5. (Original) The method of Claim 1, wherein said foiiiiing a dummy gate

electrode on the gate insulating layer is preceded by forming a buffer gate electrode comprising

titanium nitride or tantalum nitride on the gate insulating layer.

6. (Original) The method of Claim 1, wherein said removing an upper portion of

the first metal layer comprises selectively etching the first metal layer using the dummy filler

layer and the mold layer as an etching mask.

7. (Original) The method of Claim 5, wherein the first metal layer comprises

titanium nitride.

8. (Original) A method of forming CMOS transistors, comprising:

forming first and second gate insulating layers on a substrate;

forming first and second dummy gate electrodes on the first and second gate insulating

layers, respectively;

forming first and second electrically insulating spacers on sidewalls of the first and

second dummy gate electrodes, respectively;

covering the first and second spacers and the first and second dummy gate electrodes

with an electrically insulating mold layer;

removing an upper portion of the mold layer to expose an upper surface of the first

dummy gate electrode and an upper surface of the second dummy gate electrode;

selectively removing the first dummy gate electrode from between the first spacers using

a mask to prevent removal of the second dummy gate electrode;
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depositing a first metal layer onto an upper surface of the mold layer and onto inner

sidewalls of the first spacers;

filling a space between the inner sidewalls of the first spacers with a dummy filler layer

that contacts the first metal layer;

removing an upper portion of the first metal layer from between the inner sidewalls of‘ the

first spacers and the dummy filler layer;

removing the dummy filler layer from between the inner sidewalls of the first spacers to

expose the first metal layer concurrently with removing the second dummy gate electrode from

between inner sidewalls of the second spacers; and

depositing a second metal layer onto a portion of the first metal layer extending between

the inner sidewalls of the first spacers to thereby define a first metal gate electrode of comprising

a composite of the first and second metal layers concurrently with depositing the second metal

layer into a space between the inner sidewalls of the second spacers to thereby define a second

metal gateelectrode.

9. (Currently amended) A method for manufacturing a MOS transistor, comprising:

providing a substrate having a first active region and a second active region;

forming a dummy gate stack on the first active region and the second active region, the

dummy gate stack comprising a gate dielectric layer and a dummy gate electrode;

forming source/draiii regions in the first active region and the second active region

disposed at both sides of the dummy gate stack;

forming a mold insulating layer on the source/drain regions;

removing the dummy gate electrode on the first active region to form a first trench on the

mold insulating layer;

forming a first metal pattern at a lower portion of the first trench to fonn a second trench,

and removing the dummy gate electrode on the second active region to fi‘om a third trench in the

mold insulating layer; and

fonning a second metal layer in the second trench and the third trench to form a first gate

electrode on the first active region and a second gate electrode on the second active region:;
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wherein the foiining of the second trench and the third trench comprises:

stacking a first metal layer and a dummyfiller layer on a top surface of the mold

insulating layer and in the first trench;

planarizing the dummy filler layer to e_x_pose the first metal layer; and

i'emo\Ii_ng the first metal layer on the top surface of the mold insulating layer and

removing an up1§:i‘_poitioIi of the first metal layer formed between the mold insulating layer and

the dummy filler layer to fomi the first metal pattern at the lower portion of the first trench, using

the mold insulating layer and the dummy filler layer as an etehing mask.

10. (Canceled)

l 1. (Currently amended) The method of Claim 192, wherein the dummy gate

electrode and the dummy filler layer are formed of the same material.

12. (Original) The method of Claim 1 1, wherein the dummy gate electrode and

the dummy filler layer are formed ofpolysilieon.

13. (Original) The method of Claim 1 1, wherein the forming of the second trench

and the third trench further comprises:

removing the filler layer on the first active region and the dummy gate electrode on the

second active region to form the second trench on the first active region and the third trench on

the second active region.

14. (Original) The method of Claim 1 1, wherein the first metal layer is removed

by an etching method in which the first metal layer is etched with etching selectivity to the

dummy filler layer and the mold insulating layer.
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15. (Original) The method of Claim ll, wherein the first metal layer is removed

while remaining at a bottom surface and a side lower portion of the first trench to form the first

metal pattern.

16. (Currently amended) The method of Claim -L99, further comprising:

forming a spacer on a sidewall of the dummy gate electrode.

17. (Currently amended) The method of Claim —l—9_9_, further comprising:

forming a buffer gate electrode between the gate insulating layer and the dummy gate

electrode.

18. (Original) The method of Claim 17, wherein the buffer gate electrode

comprises titanium nitride or tantalum nitride.

19. (Currently amended) The method of Claim -L92, wherein the forming of the first

gate electrode and the second gate electrode comprises:

forming the second metal layer on the entire surface of the substrate including the second

trench and the third trench; and

planarizing the second metal layer down to a top surface of the mold layer to isolate the

first gate electrode and the second gate electrode from each other.

20. (Currently amended) The method of Claim +02, wherein forming the second

metal layer in the second trench and the third trench respectively.
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REMARKS

Applicants appreciate the examination of the application that is evidenced by the Official

Action of May 11, 201 1. In response to the Official Action, Claims 9, l 1 16-17 and 19-20 have

been amended and Claim 10 has been canceled. Thus, the sole outstanding issues are the

rejections of Claims 1-9 and 11-20 as being anticipated by, or obvious in view of, L_irn et al. (US

7,871,915) .

Claims 1-8 are Pateiitable Over Lim et al.

Applicants respectfully request reconsideration of the rejections of Claims 1-8 because

the subject matter ofthese claims is not disclose or suggested by E et al., as asserted by the

Official Action. In particular, Applicants respectfully submit that nowhere does Q13; et al.

disclose or suggest, among other things, a step ot"‘removing an upper portion of the first metal

layer from between the inner sidewalls of the spacers and the dummy filler layer,” as recited by

independent Claims 1 and 8.

Asasserted by the Examiner at pages 2-3 of the Official Action, a “first metal layer

(246)” is shown as the P-metal layer 246 (or 256) in FIGS. 2A-2D of1 et al. However, this P-

metal layer 246 (or 256) is nowhere disclosed as being removed from “between inner sidewalls

of the spacers and the dummy filler layer,” as recited by Claims 1 and 8. Instead, the P-inetal

layer 246 ofQ et al. is merely disclosed as being etched into a thinner metal layer 256 in FIG.

2C, before a thicker aluminum (Al) layer 260 is deposited thereon, as illustrated by Fig. 2D.

This thicker aluminum layer 260 is then planarized to yield the 3-metal gate electrodes 281 and

282 illustrated by FIG. 2E ofL_iig et al.

In stark contrast, Claims 1 and 8 of the present application recite “removing an upper

portion of the first metal layer from between the inner sidewalls of the spacers and the dummy

filler layer.” As illustrated by FIGS. 13-14 of the present application, a first metal layer 36

becomes recessed between an insulating layer 32 and the dummy filler layer 38, but this

recession is nowhere disclosed by1 et al. For at least these reasons, Applicants respectfully

submit that Claims 1-8 are in condition for allowance.
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Amended Claim 9 and Dependent Claims 1 l~20 are Patentable Over Lim et al.

Applicants have amended Claim 9 to include recitations from Claim 10 and additional

recitations that highlight aspects of the present invention that are nowhere disclosed or suggested

by Lim et al. In particular, Applicants have amended Claim 9 to highlight, among other things,

the embodiment of FIG. 14 of the present application. As shown by FIG. 14, a mold insulating

layer 32 and a dummy tiller layer 38 on the first active region 14 are used as an etching mask

during a step of removing an upper portion of the first metal layer 36 between the mold

insulating layer 32 and the dummy filler layer 38. Applicants submit, however, that Lim et al.

provides absolutely no disclosure or suggestion of using the recited combination of materials as

an etching mask during a step of reeessing an upper portion of a covering metal layer.

Accordingly, Applicants submit that amended Claim 9 is patentable over Lim et al. and Claims

1 1-20 are patentable for at least the reasons that Claim 9 is patentable.

Rggectfully s mitted,

R gi t1'ationNo. 36,925

USPTO Customer No. 20792

Myers Bigel Sibley & Sajovec
Post Office Box 37428

Raleigh, North Carolina 27627

Telephone: 919/854-1400

Facsimi: 919/854-1401

CERTIFICATION OF TRANSMISSION

c is being transmitted via the Office electronic filing system in accordance with § l.6(a)(4)
0 September 9, 201 1.

V
Kirsten arlos
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U.S. Patent and Trademark Olfice; U.S. DEPARMENT OF COMMERCE
Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Dockei Number l0Pii0nal)
FY 2009 5649-2985

Fees pursuant to the Consolidated Appropriations Act, 2005 (HR. 4818 .

Application Number 12/942,763 Filed November 9, 2010

F0’ METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE et at.

Art Unit 2829 Examiner Valerie N Brown

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

E Small Entity Fee

one month (37 CFR1.17(a)(1)) $130 $65 $ 130
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Deposit Account Number 50-0220
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I am the D applicant/inventor.

El assignee of record of the entire interest. See 37 CFR 3.71.Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration ‘Number 36925
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USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, US. Department ofcommerce. PO. Box 1450, Alexandria, VA 223134450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1~800~PIO—9199 and select option 2.
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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 made in this Office action:

A person shall be entitled to a patent unless

(e) the invention was described in (1) an application for patent, published under section l22(b), by another filed
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for
patent by another filed in the United States before the invention by the applicant for patent, except that an
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this
subsection of an application filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English language.

2. Claims 1, 5-7, and 9 are rejected under 35 U.S.C. 102(e) as being anticipated by US

7871915 (Lim et al).

Concerning claim 1, Lim discloses forming a gate insulating layer (216) on a substrate

(202); forming a dummy gate electrode on the gate insulating layer (column 5 lines 11-20);

forming electrically insulating spacers (220) on sidewalls of the dummy gate electrode; covering

the spacers and the dummy gate electrode with an electrically insulating mold layer (230 and Fig.

2A and column 5 lines 1-10); removing an upper portion of the mold layer to expose an upper

surface of the dummy gate electrode (Fig. 2A and column 5 lines 1-10); removing the dummy

gate electrode from between the spacers by selectively etching back the dummy gate electrode

using the mold layer and the spacers as an etching mask(column 5 lines 11-20); depositing a first

metal layer (246) onto an upper surface of the mold layer and onto inner sidewalls of the spacers

(Fig. 1 block 108 and column 5 lines 30-44); filling a space between the inner sidewalls of the
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spacers with a dummy filler layer that contacts the first metal layer (column 5 lines 45-60);

removing an upper portion of the first metal layer from between the inner sidewalls of the

spacers and the dummy filler layer (column 5 lines 5-65 and column 6 lines 1-10);

removing the dummy filler layer from between the inner sidewalls of the spacers to expose the

first metal layer(column 5 lines 5-65 and column 6 lines 1-10); and depositing a second metal

layer onto a portion of the first metal layer extending between the inner sidewalls of the spacers

to thereby define a metal gate electrode comprising a composite of the first and second metal

layers (Fig. 2D and column 6 lines 3-20).

Continuing to claim 9, Lim discloses providing a substrate (202) having a first active

region and a second active region (Fig. 2A); forming a dummy gate stack on the first active

region and the second active region (Fig. 1 blocks 104), the dummy gate stack comprising a gate

dielectric (216) layer and a dummy gate electrode(column 5 lines 1 1-20); forming source/drain

regions in the first active region and the second active region(column 4 lines 55-67) disposed at

both sides of the dummy gate stack; forming a mold insulating layer (230) on the source/drain

regions; removing the dummy gate electrode on the first active region to form a first trench on

the mold insulating layer (Fig. 1 block l06); forming a first metal pattern (246) at a lower portion

of the first trench to form a second trench, and removing the dummy gate electrode on the second

active region to from a third trench in the mold insulating layer (Fig. l block ll4 and Fig. 2A);

and forming a second metal layer in the second trench and the third trench to form a first

gate electrode on the first active region and a second gate electrode on the second active

region (Fig. 2D and column 6 lines 3-20).
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Referring to claims 5-7, Lim discloses forming a dummy gate electrode on the

gate insulating layer is preceded by forming a buffer gate electrode (244) comprising titanium

nitride or tantalum nitride on the gate insulating layer (column 5 lines 20-30), removing an upper

portion of the first metal layer comprises selectively etching the first metal layer using the

dummy filler layer and the mold layer as an etching mask (column 5 lines 50-67 and column 6

lines 1-3), and the first metal layer comprises titanium nitride (column 5 lines 39-44).

Claim Rejections - 35 USC § 103

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

obviousness rejections set forth in this Office action:

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

2. Claims 2-4, 8, and 10-18 are rejected under 35 U.S.C. l03(_a) as being unpatentable over

US 7871915 (Lim et al).

Regarding claims 2 and 10, Lim discloses stacking a first metal layer and a dummy filler

layer on a top surface of the mold insulating layer and in the first trench (Fig. 2B) and removing

the first metal layer on the top surface of the mold insulating layer and removing an upper

portion of the first metal layer formed between the mold insulating layer and the dummy filler

layer to form the first metal pattern at the lower portion of the first trench (Fig. 2C note that a

portion of the upper metal layer is removed by thinning) but does not explicitly disclose



NVIDIA Corp. 
Exhibit 1002 

Page 083

Application/Control Number: 12/942,763

Art Unit: 2829

planarizing the dummy filler layer to expose a portion of the first metal layer on the upper

surface of the mold layer. However, there are several different ways in which to remove the

metal layer, i.e. simultaneous removal of the dummy filler layer and the metal layer, planarizing

the dummy filler layer to expose a portion of the first metal layer on the upper surface of the

mold layer, etc. all of which have a reasonable expectation of success in removal of the metal

layer. Therefore absent any evidence that planarizing the dummy filler layer to expose a portion

of the first metal layer on the upper surface of the mold layer provides a new and unexpected

result, it would have been obvious to one of ordinary skill in the art at the time of the invention

to try different methods in order to arrive at the optimal sequence of processes for optimal device

manufacture.

Considering claim 8, Lim discloses forming a first and second gate insulating layer (216)

on a substrate (202); forming first and second dummy gate electrode on the first and second gate

insulating layer (column 5 lines 11-20); forming first and second electrically insulating spacers

(220) on sidewalls of the first and second dummy gate electrode; covering the first and second

spacers and the first and second dummy gate electrode with an electrically insulating mold layer

(230 and Fig. 2A and column 5 lines 1-10); removing an upper portion of the mold layer to

expose an upper surface of the dummy gate electrode (Fig. 2A and column 5 lines 1-10);

removing the first dummy gate electrode from between the spacers (column 5 lines 11-20);

depositing a first metal layer (246) onto an upper surface of the mold layer and onto inner

sidewalls of the spacers (Fig. 1 block 108 and column 5 lines 30-44); filling a space between the

inner sidewalls of the spacers with a dummy filler layer that contacts the first metal layer

(column 5 lines 45-60); removing an upper portion of the first metal layer from between the
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inner sidewalls of the spacers and the dummy filler layer (column 5 lines 5-65 and column 6

lines 1- 10); removing the dummy filler layer from between the inner sidewalls of the spacers to

expose the first metal layer(colurr1I1 5 lines 5-65 and column 6 lines 1-10); and depositing a

second metal layer onto a portion of the first metal layer extending between the inner sidewalls

of the spacers to thereby define a metal gate electrode comprising a composite of the first and

second metal layers concurrently with depositing the second metal layer into a space between the

inner sidewalls of the second spacer to thereby define a second metal gate electrode (Fig. 2D and

column 6 lines 3-20), but does not disclose using a mask to prevent removal of the second

dummy gate electrode. However, it is well known the use of masks as means to prevent the

removal of materials from and area where the presence of the materials is desirable. The

selection of a known material based on its suitability for its intended use supported a prima facie

obviousness determination in Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 327, 65

USPQ 297 (1945). See MPEP2144.07. Therefore absent any evidence that the use of the mask

provides a new and unexpected result, it would have been obvious to one of ordinary skill in the

art at the time of the invention to use a mask in order to remove materials selective to areas

where the removal is not desired.

Considering claims 3, 4, 11, and 12 with claims 3 and 11 and 4 and 12 being similar in

scope), Lim discloses forming the dummy gate material of polysilicon and the dummy filler

layer of SOG, but does not disclose that the dummy gate electrode and the dummy filler layer are

formed of the same material or that that material is polysilicon. The selection of a known

material based on its suitability for its intended use supported a prima facie obviousness

determination in Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297
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(1945). See MPEP2l 44.07. Therefore absent any evidence that the use polysilicon provides a

new and unexpected result, it would have been obvious to one of ordinary skill in the art at the

time of the invention to use polysilicon because it is suitable for the intended purpose for use as a

dummy gate material.

Concerning claims 13 and 15-18, Lim discloses removing the filler layer on the first

active region and the dummy gate electrode on the second active region to form the second

trench on the first active region and the third trench on the second active region (column 6 lines

46-67), the first metal layer is removed while remaining at a bottom surface and a side lower

portion of the first trench to form the first metal pattern (column 5 lines 5-65 and column 6 lines

1-10 note that the first metal layer is thinned thereby leaving a portion in the lower portion in the

trench); forming a spacer (220) on a sidewall of the dummy gate electrode, forming a buffer gate

electrode (244) between the gate insulating layer and the dummy gate electrode, and the buffer

gate electrode comprises titanium nitride or tantalum nitride (column 5 lines 20-30).

Regarding claim 14, Lim discloses) and removing the first metal layer on the top surface

of the mold insulating layer and removing an upper portion of the first metal layer formed

between the mold insulating layer and the dummy filler layer to form the first metal pattern at the

lower portion of the first trench (Fig. 2C note that a portion of the upper metal layer is removed

by thinning) but does not explicitly disclose the first metal layer is removed by an etching

method in which the first metal layer is etched selectively to the dummy filler layer and mold

insulating layer. However, there are several different ways in which to remove the metal layer,

i.e. simultaneous removal of the dummy filler layer and the metal layer, planarizing the dummy

filler layer to expose a portion of the first metal layer on the upper surface of the mold layer, etc.
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all of which have a reasonable expectation of success in removal of the metal layer. Therefore

absent any evidence that planarizing the dummy filler layer to expose a portion of the first metal

layer on the upper surface of the mold layer provides a new and unexpected result, it would have

been obvious to one of ordinary skill in the art at the time of the invention to try different

methods in order to arrive at the optimal sequence of processes for optimal device manufacture.

Conclusion

3. The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure. US 20020058374, US 20060051957, and US 20060008968 disclose several different

methods of forming a gate electrode using a replacement gate method.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to VALERIE BROWN whose telephone number is (571)270-5015.

The examiner can normally be reached on Mon—Fri 8:00a1n—5:00p1n EST.

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

supervisor, Ha Nguyen can be reached on 5712721678. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-directuspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll—free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

/Valerie Brown/

Examiner, Art Unit 2829
05/07/ 1 1

/Ha T. Nguyen/

Supervisory Patent Examiner, Art Unit 2829
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Receipt date: it/09/2010 12942763 ~ CEAUZ 2829

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(use as many sheets as necessary)

Complete if Known
Application Number
Filing Date
First Named inventor Jongwoo Lee
Art Unit
Examiner Name

Sheet
|A1

of Attorney Docket Number 5649-2985

u.s. PATENT Documents

lnitia|s*
Examiner 7 Document Number

Number—Klnd Code (if known)

Publication Date
MM-DD-YYYY

Name of Patentee or
Applicant of Cited Document

Pages, Columns, Lines, Where
Relevant Passages or Relevant

Figures Appear

US— 6,573,134 B2 oe-03-2003 Ma et al.

US— 7,056,794 B2 06-06-2006 Ku et al.

US— 7,153,734 B2 12-26-2006 Brask et al.

us- 7,157,378 B2 01-02-2007 Brask et al.

us- 7,390,709 132 06-24-2008 Doczy et al.
I_

US- 200e/0278934 A1 1 12-14-2006 Nagahama
US-
US-

FOREIGN PATENT DOCUMENTS
Examiner
initia|s*

Foreign Patent Document

Country Code, Number, Kind Code (if
known)

Publication Date
MM-DD-YYYY

Name of Patentee or

Applicant of Cited Document
Pages, Columns, Lines,

Where Relevant Passages
or Relevant Figures Appear 4

JP 2002-9229794 1 1115-2002 Sharp Corp
JP 2005-197748 07-21-2005 ' international Business

Machines Corporation
JP 2006-351580 12-28-2006 Sony Corp.
KR 1020060129959 A 12-18-2006 Sony Corp.
KR 1020020075732 A 10-05-2002 Sharp Corporation
KR 1020050073541 A 07-14-2005 international Business

Machines Corporation

NON PATENT LITERATURE DOCUMENTS
Examiner
lnitials*

include name of the author (in CAPiTAL LETTERS), title otthe article (when appropriate), title of the item (book, magazine, journal,
serial, symposium, catalog, etc.), date, page(s), volume-issue numDer(s), publisher, city and/or country where published

Steigerwald, Joseph M., "Chemical Mechanical Polish: The Enabling Technology," 2008
IEEE, pp. 37-40,

Examiner

fiignature l
*EXAM|NER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. include copy of this form with next communication to applicant.

ALL REFERENCES CONSKDERED EXCEPT WHERE t_iE\iE{) THROUGH. /'V.B./

./Valerie Brawn/’
7 Date

Considered G5/O8/2011



NVIDIA Corp. 
Exhibit 1002 

Page 097

Receipt date: it/30/2010 12942763 ~ CEAUZ 2829

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

use as many sheets as necessary

Application Number
Complete if Known1 2/942,763

Filing Date November 9, 2010
First Named Inventor Jongwon Lee
Art Unit
Examiner Name TBA

TBA

Sheet I B1
of Attorney Docket Number

5649-2985

U.S. PATENT DOCUMENTS

_ Examiner Cite
lnltials* No.

Document Number

Number—Kind Code (if known)

Publication Date
MM—DD—YYYY

Pages, Columns, Lines, Where
Relevant Passages or Relevant'7 Name of Patentee or

Figures Appear
Applicant of Cited Document

lus-
US-

6,130,123
6,166,417

1 0-10-2000
12-26-2000

'T_iang et al.
Bai et al.

US- 6,265,258 07-24-2001 Liang et al.
US- 6,373,111 Zheng et al.
US-
US-

6,492,217

6,620,713

04-16-2002
12-10-2002
09-16-2003

Bat et al.

Arg_havani et al.
US- 6,696,333
US- 6,696,345

02-24-2004 Zhenggt at.
02-24-2004 Chau et al.S°9°.“9’S".~‘>‘.°°!°.—‘

US- 6,709,911 03-23-2004 Doczy_et al.
US- 6,743,683 06-01-2004 Barns et al.

US- 6,790,731 09-14-2004

US- 6,794,232 09-21-2004
Zheng_et al.
Zheng et al.

US- 6,806,146 10-19-2004

6,809,017 10-26-2004US-
US- 6,825,506 1 1-30-2004

Brask et al.

17/krghavani et al.
Chau et al.

US- 6,849,509
US- 6,867,102

02-01-2005 Barnak et al.
Brask et al.

US- 6,879,009
US- 6,890,807

Zheng et al.

03-15-2005

_|_04-1 2-200505-1 0-2005 Chau et al.

US- 6,893,927

6,939,815

05-1 7-2005 Shah et al.
Brask et al.

6,974,764

US-
US-
US- 6,998,686

09-06-2005
12-13-2005
02-14-2006

Brask et al.

Chau et al.

US- 7,022,559 04-04-2006 Barnak et al.

US- 7,030,430 04-18-2006 Doczy et al.
US- 7,037,845
US- 7,060,568
US- 7,064,066

05-02-2006
06-13-2006

Brask et al.
Metz et al.

Metz et al.

US- 7,074.680
US- 7,078,282

06-20-2006

07-1 1-2006
07-18-2006

Doczy et al.
Chau et al.

US- 7,084,038
US-
US-
US-
US-

7,087,476
7,122,870

7,125,762
7,126,199

08-01-2006
08-08-2006
10-17-2006

Doczy et al.
Metz et al.
Barnak et al.

10-24-2006
10-24-2006

Brask et al.

Doczvet al.
US- 7,129,182 1 0-31 -2006 Brask et al.

US- 7,138,323 1 1-21-2006

Examiner ‘Signature
*EXAMlNER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

ALL REFERENCES CONSEDERED EXCEPT WHERE i_iE\lE{) THROUGH. /'V.E./

/Vaierle Brown./'

Kavalieros et al.

Date
Considered 05/G8/2011
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Receipt date: “it/30/2010 §2g427a;'-3, - QAI}; 2329

Cam late if Known

12/942,763
November 9, 2010

Jongwon Lee
TBA
TBA

5649-2985

Agplication Number
Filing Date
First Named Inventor
Art Unit
Examiner Name

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(use as many sheets as necessary)
Sheet I B2 Iof IB2 Attorney Docket Number

38. 7,144,783 12-05-2006

39.
40.

US-
US-
US-

7,144,816

7,148,099

12-05-2006
12-12-2006

_I Datta et al.
Barns et al.
Datta et al.

41. 7,148,548 12-12-2006 Doczgt al.
42. I 82: 7,153,734 12-26-2006 Brask at al. 7
43. US- 7,153,784 12-26-2006 Brask et al.

44. US- 7,157,378 01-02-2007 Brask et al.

45. 7,160,767 01-09-2007 Brask et al.

46.
‘I us-

US- 7,160,779 01-09-2007 Doczy et al.
47. US- 7,166,506 01-23-2007 Prince et al.

48. US- 7,176,075 02-13-2007 Chau et al.

49. US- 7,176,090 02-13-2007I-
50. US- 7,180,109 02-20-2007

Brask et al.

Chau et al.

51. US- 7,183,184 02-27-2007 Docgy et al.
52. US- 7,187,044 03-06-2007 Liang et al.
53. US- 7,192,856 03-20-2007 Docz_y_et al.
54. US- 7,193,253
55. I us- 7,208,361

03-20-2007 Doczy et al.
04-24-2007

56. US- 7,220,635 05-22-2007

Shah et al.
Brask et al.

57. US- 7,271,045 09-18-2007

58. US- 7,285,829
I 59. US- 7,317,231 01-08-2008

Prince et al.

Doyle et al.
Metz et al.

60. US- 7,323,423 J 10-23-200701-29-2008

61. US- 7,326,599

7
62. US- 7,326,656

02-05-2008
Brask et al.

Brask et al.
Lochtefeld et al.

63. US- 7,332,439

02-05-2008

02-19-2008 Lindert et al.

64. US- 7,338,847 03-04-2008 Shaheed et al.

US- 7,354,83265.
66. US- 7,355,281

04-08-2008 Ftachmadx et al.
04-08-2008 Brask et al.

67. US- 7,361,958 04-22-2008 Brask et al.

7,381,608 06-03-2008 Brask et al.68.

‘I 69.
70.
71.

I'us-us-
us-

us-

7,384,880
7,387,927

7,390,709

06-10-2008
06-17-2008

06-24-2008
72. US- 7,420,254 09-02-2008

Brask et al.

Turkot, Jr. et al.

Doczy et al.
Chau et al.

73.
74.

US-
US-

7,422,936
7,439,1 13

09-09-2008 Barns et al.
10-21-2008 I Doczy et al.

iDoc# 959776

75.
76.
77.

US-

5-
I US-

7,439,571
7,442,983
7,449,756

1 0-21 -2008
10-28-2008
1 1 -1 1 -2008

I Doozlet al.
I Doczy et al.
I Metz et al.

1

Examiner

Signature
/Vaierie Brown/'

Date
Considered 05/08/2011

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

ALI. REFERENCES CONSIDERED EXCEPT WHERE UNEE) THROUGH. /'V.E./
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This is to certify that the following application annexed hereto

is a true copy from the records of the Korean Intellectual

Property Office
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Application Number
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Filling Date DEC. 08, 2009

é.“efiEIl$—’%'f,|J\l
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31 id
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Multipart Description/PDF files in .zip description

Information Disclosure Statement (IDS) Filed (SB/08)
Warnings:

Information:

Total Files Size (in bytes) 499614

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Attorney Docket No. 5649-2985 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Lee et al. Confirmation No. 2294

Application No.: 12/942,763 Examiner: TBA
Filing Date: November 9, 2010 Group Art Unit: TBA
For: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE

ELECTRODES

Date: November 30, 2010

Mail Stop Amendment
Commissioner for Patents
Box 1450

Alexandria, VA 22313-1450

8 INFORMATION DISCLOSURE STATEMENT TRANSMITTALir:

Attached is an Information Disclosure Statement listing of documents, together with a copy of any

listed foreign patent document and/or non-patent literature. A copy of any listed U.S. patent and/or U.S.

patent application publication is not provided herewith in accordance with 37 C.F.R. § 1.98(a)(2)(ii).

In accordance with 37 CFR 1 .97(b), the information disclosure statement is being filed:

IE (1) within three months of the filing date of a national application other than a continued

prosecution application under §1.53(d);

El (2) within three months of the date of entry of the national stage as set forth in §1.491 in an

international application;

before the mailing of a first Office Action on the merits; or

before the mailing of a first Office Action after the filing of a request for continued

examination under §1.114.

E] In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the

period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under §1.113, a

notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is

accompanied by 9% of the following:

|:l (1) The statement specified under 37 CFR 1.97(e), as follows:

I:| Each item of information contained in the information disclosure statement was

first cited in any communication from a foreign patent office in a counterpart foreign

application not more than three months prior to the filing of the information disclosure

statement; 9;

E] No item of information contained in the information disclosure statement was

cited in a communication from a foreign patent office in a counterpart foreign application,

and, to the knowledge of the person signing the certification after making reasonable inquiry,

no item of information contained in the information disclosure statement was known to any

individual designated in §1.56(c) more than three months prior to the filing of the information

disclosure statement; g

D (2) The fee set forth in §1.17(p);
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In re: Lee et al.

Application No.: 12/942,763
Filing Date: November 9, 2010
Page 2 of 2

CI in accordance with 37 CFR 1.97(d), the information disclosure statement is being filed after the

period specified in 37 CFR 1.97(c) above, but on or before payment of the issue fee, and is accompanied by

99¢ of the following:

[I (1) The statement specified under 37 CFR 1.97(e), as follows:

[I That each item of information contained in the information disclosure statement

was first cited in any communication from a foreign patent office in a counterpart foreign

application not more than three months prior to the filing of the information disclosure

statement; 9;

[:1 That no item of information contained in the information disclosure statement was

cited in a communication from a foreign patent office in a counterpart foreign application,

and, to the knowledge of the person signing the certification after making reasonable inquiry,

no item of information contained in the information disclosure statement was known to any

individual designated in §1.56(c) more than three months prior to the filing of the information

disclosure statement; E

[:I (2) The fee set forth in §1.17(p);

in accordance with 37 CFR 1.97(g), the information disclosure statement shall not be construed as a

representation that a search has been made.

In accordance with 37 CFR 1.97(h), the information disclosure statement shall not be construed to

be an admission that the information cited in the statement is, or is considered to be, material to patentability

as defined in §1.56( ).

I___] The Director is hereby authorized to charge the fee specified in 37 CFR. § 1.17(p), and any fee

deficiency or credit any overpayment, to Deposit Account No. 50-0220; or

IE No fee is believed due. However, the Director is hereby authorized to charge any deficiency or

credit any overpayment to Deposit Account No. 50-0 0.

Customer Number 20792

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428, Raleigh, NC 27627
919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in

accordance with 37 CFR § 1.6(a)(4) to the U.S. Patent and Trademark Office on November 30, 2010.
“Z

Name: Gwen R. ‘Bailey
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U\'T'I‘F'.T‘I STATES T)F'.PAR'I'\IF'.\I'I‘ OF (‘,OI\’|'lVIF‘.R(“,Fl
United States Patent and Trademark Office
Address. COl\/ll\/lTSST0\TFIfi‘. FOR PATENTSP O Box 1 4 50

Alexandria, Yngriia Z2313-1450Vvvrwuspto gov

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS

20 312/942,763 1 1/09/2010 2812 1090 5649-2985
CONFIRMATION NO. 2294

20792 FILING RECEIPT
MYERS BIGEL SIBLEY & SAJOVEC

Po Box 37428 ||||||||I IIIIIIIIIIIIIIIIIIIII III III II I Illljll |||| ||I|||I|||I|||||||||||I ||||||||
00000004 606388

Date Mailed: ‘I 1/24/2010

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

App|icant(s)
Jongwon Lee, Hwaseong-si, KOREA, REPUBLIC OF;
Boun Yoon, Seoul, KOREA, REPUBLIC OF;

Sang Yeob Han, Anyang-si, KOREA, REPUBLIC OF;
Chae Lyoung Kim, Hwaseong-si, KOREA, REPUBLIC OF;

Power of Attorney: The patent practitioners associated with Customer Number 20792

Domestic Priority data as claimed by applicant

Foreign Applications
REPUBLIC OF KOREA 10-2009-0121 108 12/08/2009

Request to Retrieve — This application either claims priority to one or more applications filed in an intellectual

property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 11/19/2010

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is Us 12/942,763

Projected Publication Date: 06/09/2011

Non-Publication Request: No

Early Publication Request: No
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Title

Methods of Forming CMOS Transistors with High Conductivity Gate Electrodes

Preliminary Class

438

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicants license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self—help "toolkits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1—866—999-HALT (I-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless

it is revoked. This license is automatically transferred to any related applioations(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).



NVIDIA Corp. 
Exhibit 1002 

Page 155

PTOISBIO5 (08-08)
Approved for use through 06/30/2010. OMB 0651—0032

U.S. Patent and Trademark Office. US. DEPARTMENT OF COMMERCE

Under the Paerwork Reduction Act of 1995 no ersons are re uired to resond to a collection of information unless it disla s a valid OMB control number.

UTILITY

PATENT APPLICATION

TRANSMITTAL
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METHODS OF FORMING CMOS TRANSISTORS WITH

HIGH CONDUCTIVITY GATE ELECTRODES

REFERENCE TO PRIORITY APPLICATION

[0001] This application claims priority to Korean Patent Application No. 10-2009-0121108,

filed December 8, 2009, the contents of which are hereby inC01‘p01‘ated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to methods for manufacturing MOS transistors and, more

particularly, to methods for manufacturing MOS transistors having gate electrodes formed of

different metals.

BACKGROUND OF THE INVENTION

[0003] A MOS transistor is widely used as switching devices. In contrast to conventional

MOS transistors containing a gate electrode which is formed of poly silicon, a metal material

with superior electric conductivity better than the poly silicon have been used as the gate

electrode of MOS transistors. MOS transistors are classified as n—MOS transistors or p-MOS

transistors in accordance with the channel type which is induced beneath the gate electrode.

The gate electrodes of the n—MOS transistor and the p-MOS transistor may be formed of

different metals so that the n—MOS transistor and the p-MOS transistor have different

threshold voltages.

SUMMARY

[0004] Methods of forming insulated—gate field effect transistors according to embodiments

of the invention includes forming a gate insulating layer on a substrate and forming a dummy

gate electrode on the gate insulating layer. Electrically insulating spacers are formed on

sidewalls of the dummy gate electrode. These spacers and the dummy gate electrode are

covered with an electrically insulating mold layer. An upper portion of the mold layer is then

removed to expose an upper surface of the dummy gate electrode. The dummy gate electrode

is then removed from between the spacers by selectively etching back the dummy gate

electrode using the mold layer and the spacers as an etching mask. A first metal layer is

deposited onto an upper surface of the mold layer and onto inner sidewalls of the spacers. A

space between the inner sidewalls of the spacers is filled with a dummy filler layer (e.g.,

polysilicon) that contacts the first metal layer. An upper portion of the first metal layer is
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removed from between the inner sidewalls of the spacers and the dummy filler layer. The

dummy filler layer is then removed from between the inner sidewalls of the spacers to expose

the first metal layer. A second metal layer is then deposited onto a portion of the first metal

layer extending between the inner sidewalls of the spacers, to thereby define a metal gate

electrode containing a composite of the first and second metal layers.

[0005] According to some of these embodiments of the invention, the step of filling a space

between the inner sidewalls of the spacers is followed by a step of planarizing the dummy

filler layer to expose a portion of the first metal layer on the upper surface of the mold layer.

In addition, the step of forming a dummy gate electrode on the gate insulating layer may be

preceded by forming a buffer gate electrode containing titanium nitride or tantalum nitride on

the gate insulating layer. In addition, the step of removing an upper portion of the first metal

layer may include selectively etching the first metal layer using the dummy filler layer and

the mold layer as an etching mask. This first metal layer may include titanium nitride.

[0006] Still further embodiments of the invention include methods of forming CMOS

transistors by forming first and second gate insulating layers on a substrate and forming first

and second dummy gate electrodes on the first and second gate insulating layers, respectively.

First and second electrically insulating spacers are formed on sidewalls of the first and second

dummy gate electrodes, respectively. These first and second spacers and the first and second

dummy gate electrodes are covered with an electrically insulating mold layer. An upper

portion of the mold layer is removed to expose an upper surface of the first dummy gate

electrode and an upper surface of the second dummy gate electrode. The first dummy gate

electrode is selectively removed from between the first spacers using a mask to prevent

removal of the second dummy gate electrode. A first metal layer is deposited onto an upper

surface of the mold layer and onto inner sidewalls of the first spacers. A space between the

inner sidewalls of the first spacers is filled with a dummy filler layer that contacts the first

metal layer. An upper portion of the first metal layer is removed from between the inner

sidewalls of the first spacers and the dummy filler layer. The dummy filler layer is removed

from between the inner sidewalls of the first spacers to expose the first metal layer. This step

is performed concurrently with removing the second dummy gate electrode from between

inner sidewalls of the second spacers. A second metal layer is then deposited onto a portion

of the first metal layer extending between the inner sidewalls of the first spacers to thereby

define a first metal gate electrode including a composite of the first and second metal layers.

This step is performed concurrently with depositing the second metal layer into a space



NVIDIA Corp. 
Exhibit 1002 

Page 158

Attorney Docket No. 5649-2985

between the inner sidewalls of the second spacers to thereby define a second metal gate

electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings are included to provide a further understanding of the

inventive concept, and are incorporated in and constitute a part of this specification. The

drawings illust.rat.e exemplary embodiments of the inventive concept and, together With the

description, serve to explain principles of the inventive concept. In the figures:

[0008] FIGS. 1 through 17 are cross—scctional views illustrating a method for manufacturing

a MOS transistor according to a first embodiment of the inventive concept; and

[0009] FIGS. l8 through 37 are cross-sectional views illustrating a method for manufacturing

a MOS transistor according to a second embodiment of the inventive concept.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] Exemplary embodiments of the inventive concept will be described below in more

detail with reference to the accompanying drawings. The embodiments of the inventive

concept may, however, be embodied in different forms and should not be construed as limited

to the embodiments set forth herein. Rather, these embodiments are provided so that this

disclosure will be thorough and complete, and will fully convey the scope of the inventive

concept to those skilled in the art.

[0011] Hereinafter, exemplary embodiments of the inventive concept will be described in

detail with reference to the accompanying drawings.

[0012] FIGS. 1 through 17 are cross—seetional views illustrating a method for manufacturing

a MOS transistor according to a first embodiment of the inventive concept.

[0013] Referring to FIG. 1, a first well and a second well may be respectively formed in a

first active region ‘I4 and a second active region 16 which are defined by a device isolation

layer 12 on a substrate 10. The first well may be formed in an ion implantation process in

which impurities of a first conductivity type are injected in the substrate IO. The impurity of

the first conductivity type may comprise a donor ion such as phosphorus or arsenic. For

example, the impurities of the first conductivity type‘ may be injected at an energy of about

100 KeV ~ 300 KeV and a concentrat_ion of about 1><1Ol3 ea/cm3 ~ 1><1016 ea/ cm3. The

second Well may be formed by an ion implantation process in which impurities of a second

conductivity type opposite to the first conductivity type are injected in the substrate 10. The

impurity of the second conductivity type may comprise an acceptor ion such as boron. For
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example, the impurities of the second conductivity type may be injected at an energy of about

70 KeV ~ 200 KeV and a concentration of about 1><1()'3 ea/ cm} ~ 1><1016 ea/ C1113. The device

isolation layer 12 may be formed after forming the first well and the second well. The device

isolation layer 12 may comprise silicon oxide that is formed by a plasma enhanced chemical

vapor deposition (PECVD). The silicon oxide is formed in a trench where a predetermined

depth of the substrate 10 is removed.

[0014] Referring to FIG. 2, a gate insulating layer 18, a buffer gate electrode 20 and a

dummy gate electrode 22 may be stacked on the substrate 10. The gate insulating layer 18

may be formed of a high~l< dielectric layer such as a hafnium oxide layer, a tantalum oxide

layer and a silicon oxide layer. The gate insulating layer 18 may be formed to have thickness

of about 30A~ 200 A by a method such as chemical vapor deposition (CVD), atomic layer

deposition (ALD) or rapid thermal process (RTP). The buffer gate electrode 20 may comprise

a titanium nitride layer or a tantalum nitride layer. The buffer gate electrode 20 may be

formed to have thickness of about 20 A ~ 50 A by a method such as CVD or ALD. The

dummy gate electrode 22 may comprise poly silicon that is formed by a chemical vapor

deposition.

[0015] Referring to FIG. 3, a dummy gate stack 24 comprising the gate insulating layer 18,

the buffer gate electrode 20 and the dummy gate electrode 22 may be formed on the first

active region 14 and the second active region 16. The dummy gate stack 24 may be patterned

using a photo lithography process and an etching process. The photo lithography and the

etching process may be performed as follows. Initially, a first photo resist pattern (not shown)

may be formed on the dummy gate electrode 22. The dummy gate electrode 22, the buffer

gate electrode 20 and the gate insulating layer 18 may be successively etched using the first

photo resist pattern as an etch mask. 0

[0016] Referring to FIG. 4, a second photo resist pattern 25 may be formed to cover the

second active region 16. A lightly doped drain (LDD) 26 is formed using the second photo

resist pattern 25 and the dummy gate electrode 22 as an ion implantation mask. The

impurities of the second conductivity type may be injected into the first active region 14. The

impurities of the second conductivity type may be injected at an energy of about 1 KeV ~ 20

KeV and a concentration of about ’l><l0'3 ea/cm3 ~ 1><10”’ ea/cm]. The second photo resist

pattern 25 is removed.

[0017] Referring to FIG. 5, a third photo resist pattern 27 may be formed to cover the first

active region 14. A LDD 26 may be formed in the second active region using the third photo

resist pattern 27 and the dummy gate electrode 22 as an ion implantation mask. Impurities of
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the first conductivity type may be injected into the second active region 16. The impurities of

the first conductivity type may be injected at an energy of about 5 KeV ~ 30 KeV and a

concentration of about 1><1O‘3 ea/cm3 ~ 1><10m ea/em3. The LDDs 26 may be formed of the

same depth in the first active region 14 and the second active region 16, and diffused to the

same distant below the dummy gate stack 24. The photo resist pattern 27 is removed.

[0018] Referring to FIG. 6, a spacer 28 may be formed on a sidewall of the dummy gate

stack 24. The spacer 28 may comprise a silicon nitride layer which is formed by a chemical

vapor deposition process. The spacer 28 may be formed by a self alignment method. For

example, a silicon nitride layer is formed to cover the dummy gate stack 24, and the silicon

nitride layer is then anisotropically etched to remain on the sidewall of the dummy gate stack

24.

[0019] Referring to FIG. 7, a fourth photo resist pattern 29 may be formed to cover the

second active region 16. A source/drain region 30 may be formed in the first active region

using the fourth photo resist pattern 29, the dummy gate electrode 22 and the spacer 28 as an

ion implantation mask. The source/drain region 30 may comprise impurities of the second

conductivity type. The impurities of the second conductivity type may be injected at an

energy of about 10 KeV ~ 40 KeV and a concentration of about 1><10"’ ea/cm3 ~ 1x1017 ea/

cm3. The fourth photo resist pattern 29 on the second active region 16 is removed.

[0020] Referring to FIG. 8, a fifth photo resist pattern 31 is formed to cover the first active

region 14. A source/drain region 30 may be formed in the second active region 16 using the

fifth photo resist pattern 31, the dummy gate electrode 22 and the spacer 28 as an ion

implantation mask. The source/drain region 30 in the second active region 16 may comprise

impurities of the first conductive type. For example, The impurities of the first conductivity

type may be injected in the second active region 16 at an energy of about 10 KeV ~ 50 KeV

and a concentration of about 1><10l6 ea/ cm?’ ~ 1><1017 ea/ cm3. The source/drain regions 30 in

the first active region 14 and the second active region may be the same depth. The photo

resist pattern 31 may be then removed.

[0021] Although not shown in drawings, the source/drain region 30 may be formed by

removing portions of the first active region 14 and the second active region 16 and filling an

epitaxial silicon germanium with impurities of respective conductivity type in the removed

portions of the first active region 14 and the second active region 16.

[0022] Referring to FIG. 9, a mold insulating layer 32 is formed to cover the source/drain

region 30 and the dummy gate stack 24. The mold insulating layer 32 may comprise a silicon

oxide layer. The mold insulating layer 32 may be formed in a low pressure chemical vapor
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deposition (LPCVD) process or plasma enhanced chemical vapor deposition (PECVD)

process. The mold insulating layer 32 may be planarized such that the dummy gate electrode

22 may be formed. The planarization of the mold insulating layer 32 may be performed by a

method such as chemical mechanical polishing (CMP) or etch—back.

[()()23] Referring to FIG. 10, the dummy gate electrode 22 on the first active region 14 may

be selectively removed to form a first trench 35. The removing of the dummy gate electrode

22 may comprise forming a sixth photo resist pattern 34 to cover the second active region 16

while exposing the dummy gate electrode 22 on the first active region 14, and etching the

dummy gate electrode 22 in a dry or wet etching process. The sixth photo resist pattern 34,

the mold insulating layer 32 and the spacer 28 on the substrate 10 may be used as an etch

mask while the dummy gate electrode 22 is removed. The buffer gate electrode 20 may be

used as an etch stop layer during the dummy gate electrode 22 etching. The sixth photo resist

pattern 34 formed on the second active region 16 is removed.

[0024] Referring to FIG. 11, a first metal layer 36 may be formed on the entire surface of the

substrate 10. The first metal layer 36 may comprise a titanium nitride layer that is formed by

a chemical vapor deposition (CVD) or an atomic layer deposition (ALD). The first metal

layer 36 may be formed of the same thickness on the bottom surface and the sidewall of the

mold insulat.ing layer 32 as well as a top surface of the mold insulating layer 32. If the first

metal layer 36 is buried in the first trench 35, the first metal layer 36 in the first trench 35

may comprise a void formed by overhang of the first metal layer 36. The void may be caused

by losing conductive reliability of the first metal layer 36. Therefore, the first metal layer 36

may be formed of uniform thickness on the bottom and the sidewall of the first trench 35.

[0025] Referring to FIG. 12, a dummy filler layer 38 may be stacked on the first metal layer

36. The dummy filler layer 38 may be formed of the same material as the dummy gate

electrode 22. The dummy filler layer 38 may comprise poly silicon. The dummy filler 38 may

be completely fill the first trench 35 on the first active region 14. The poly silicon may be

formed by a chemical vapor deposition method. The dummy filler layer 38 may comprise a

void in the first trench 35.

[0026] Referring to FIG. 13, the dummy filler layer 38 may be planarized to expose the first

metal layer 36. The planarization of the dummy filler layer 38 may be performed by a

chemical mechanical polishing (CMP) or an etch—back. The dummy filler layer 38 may

remain in the first trench 35.

[()027] Referring to FIG. 14, the first metal layer 36 on the mold insulating layer 32 is

removed. And, an upper portion of the first metal layer 36 disposed between the mold
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insulating layer 32 and the dummy filler layer 38 becomes recessed. The removing process of

the first metal layer 36 may be performed in a dry or wet etching method in which etching

selectivity to the first metal layer 36 is two or more times greater than to the dummy filler

layer 38 and the mold insulating layer 32. The first metal layer 36 may remain on the bottom

surface and a lower sidewall of the first trench 35. The first metal layer 36 may be formed

symmetrically on both sidewall of the first trench 35. Therefore, the first metal layer 36 may

be remained in the first trench 35 to form a first metal pattern with a ‘U’ shaped section.

[0028] Referring to FIG. 15, the dummy filler layer 38 on the first active region 14 and the

dummy gate electrode 22 on the second active region 15 may be removed to form a second

trench 40 on the first active region 14 and a third trench 43 on the second active region, The

dummy gate electrode 22 and the dummy filler layer 38 may be removed simultaneously in

an etching process because the dummy gate electrode 22 and the dummy filler layer38 are

formed of poly silicon. Thus, the method for manufacturing a MOS transistor according to

first embodiment can improve or maximize the productivity.

[0029] The first metal layer 36 may be exposed in the second trench 40 on the first active

region 14, and the buffer gate electrode 20 may be exposed in the third trench 43 on the

second active region 16. The second trench 40 may be shallower than the third trench 43. The

first metal layer 36 may be disposed on the bottom surface and the lower sidewall of the

second trench 40. The second trench 40 and the third trench 43 may be different from each

other in thickness.

[0030] Referring to FIG. 16, a second metal layer 42 may be formed on the entire surface of

the substrate 10. The second metal layer 42 may fill the second trench 40 and the third trench

43. The second metal layer 42 may comprise at least one of aluminum, tungsten, titanium and

tantalum that is formed by a method such as PVD or CVD. The second metal layer 42 may be

formed without a void in the second trench 40 on the first active region 14.

[0031] Referring to FIG. 17, the second metal layer 42 is planarized to expose the mold

insulating layer 32. A first gate electrode 46 and a second gate electrode 48 may be formed

on the first active region 14 and the second active region, respectively. The first gate

electrode 46 and the second gate electrode 48 may be extended in a vertical direction to the

direction of the source/drain regions 30 arrangement. The second metal layer 42 may be

planarized by a method such as CMP or etch—back. The second metal layer 42 may be

planarized to separate the first gate electrode 46 and the second gate electrode 48. The first

gate electrode 46 and the second gate electrode 48 may be formed to have top surfaces of

substantially equal level. The first gate electrode 46 may comprise the buffer gate electrode



NVIDIA Corp. 
Exhibit 1002 

Page 163

Attorney Docket No. 5649-2985

20, the first metal layer 36 and the second metal layer 42. The first gate electrode 46 may

compose a p—MOS transistor‘ on the first active region 14. The second gate electrode 48 may

comprise the buffer gate electrode 20 and the second metal layer 42. The second gate

electrode 48 may compose an n—MOS transistor on the second active region 16.

[0032] In general, the operating voltage of the n—MOS transistor and the p—MOS transistor

may be different from each other. Current of the n—MOS transistor may be adjusted in

accordance with a switching voltage. Thus, the second gate electrode 48 may comprise less

than two metal layers in order to simplify the estimation of an electric resistance or a work

function according to combination of the metal layers. The p—MOS transistor may be different

from the n~MOS transistor in operating voltage. The first gate electrode 46 may comprise at

least two metal layers because the p—MOS transistor performs a simple switching operation.

For example, the operating voltage may be lower to the p—MOS transistor than to the n-MOS

transistor. If a void is formed in the first gate electrode 46, operation characteristic of the p~

MOS transistor may be deteriorated. According to the first embodiment, the first gate

electrode 46 does not have a void to thereby prevent the operation characteristic of the p~

MOS transistor from deterioration.

[0033] Not shown in drawings, the mold insulating layer 32 on the source/drain region 30

may be removed to form a Contact hole, and a source/drain electrode may be formed in tlie

contact hole.

[0034] FIGS. 18 through 37 are eross~sectional views illustrating a method for manufacturing

a MOS transistor according to a second embodiment of the inventive concept. Referring to

FIG. 18, a first well and a second well may be formed in a first active region 14 and a second

active region 16 that are defined by a device isolation layer 12 on a substrate 10. The first

well may be formed by injecting impurities of a first conductivity type. The impurities of the

first conductivity type may comprise donor ions such as phosphorus or arsenic ions. The

impurities of the first conductivity type may be injected in the first well at an energy of about

100 KeV ~ 300 KeV and a concentration of about 1x10” ea/cm3 ~ 1xlO'6 ea/cm3. The

second well may be formed by injecting impurities of a second conductivity type opposite to

the first conductivity type. The impurities of the second conductivity type may be injected in

the second well at an energy of about 70 KeV ~ 200 KeV and a concentration of about 1><1013

ea/cm‘? ~ 1><1O16 ea/cm3. The device isolation layer 12 may be formed after forming the first

and the second wells. The device isolation layer 12 may comprise a silicon oxide layer that is

formed in a trench by a PECVD method. The substrate may be removed at a predetermined

depth to form the trench.



NVIDIA Corp. 
Exhibit 1002 

Page 164

Attorney Docket No. 5649-2985

[0035] Referring to FIG. 19, a gate insulating layer 18, a buffer gate electrode 20 and a

dummy gate electrode 22 may be stacked on the substrate 10. The gate insulating layer 18

may comprise at least one of hafniumjoxide, tantalum oxide, silicon oxide and other high—k

dielectric layer. The gate insulating layer 18 may be formed to have a depth of about 30 A ~

200 A by a method such as CVD, ALD or RTP. The buffer gate electrode 20 may comprise a

titanium nitride layer or a tantalum nitride layer. The buffer gate electrode 20 may be formed

to have a depth of about 20 A ~ 50 A. The dummy gate electrode 22 may comprise poly

silicon that is formed by CVD.

[0036] Referring to FIG. 20, a dummy gate stack 24 may be formed on the first active region

14 and the second active region 16. The dummy gate stack 24 may comprise the gate

insulating layer 18, the buffer gate electrode 20 and the dummy gate electrode 22. The

dummy gate stack 24 may be patterned in a photo lithography process and an etching process.

For example, the photo lithography process and the etching process may comprise forming a

first photo resist pattern on the dummy gate electrode 22, and successively etching the

dummy gate electrode 22, the buffer gate electrode 20 and the gate insulating layer using the

first photo resist pattern as an etching mask.

[0037] Referring to FIG. 21, a second photo resist pattern 25 may be formed to cover the

second active region 16. An LDD (lightly doped drain) 26 is formed in the first active region

14 using the second photo resist pattern 25 and the dummy gate electrode 22 as an ion

implantation mask. Impurities of the second conductivity type may be ion implanted in the

first active region. The impurities of the second conductivity type may be implanted at an

energy of about 1 KeV ~ 20 KeV and a concentration of about 1><1013 ea/cm3 ~ 1><10]6 ea/

cm3. The second photo resist pattern 25 is removed.

[0038] Referring to FIG. 22, a third photo resist pattern 27 may be formed to cover the first

active region 14. An LDD 26 is formed in the second active region 16 using the third photo

resist pattern 27 and the dummy gate electrode 22 as an ion implantation mask. Impurities of

the first conductivity type may be ion implanted in the second active region. The impurities

of the first conductivity type may be implanted at an energy of about 5 KeV ~ 30 KeV and a

concentration of about 1><1013 68./C1113 ~ 1><1016 ea/C1113. The LDDs 26 of the same depth may

be formed in the first active region 14 and the second active region 16. The LDDS 26 may be

diffused to the same distance. The third photo resist pattern 27 is removed.

[0039] Referring to FIG. 23, a spacer 28 is formed on a sidewall of the dummy gate stack 24.

The spacer 28 may comprise a silicon nitride layer that is formed by CVD. The spacer 28

may he formed by a self-alignment method. The self—alignment method may comprise
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forming a silicon nitride to cover the dummy gate stack 24 and etching anisotropically the

silicon nitride to remain the silicon nitride on the sidewall of the dummy gate stack.

[0040] Referring to FIG. 24, a fourth photo resist pattern 29 is formed to cover the second

active region 16. A source/drain region 30 may be formed in the first active region 14 using

the fourth photo resist pattern 29 and the dummy gate electrode 22 and the spacer 28 as an

ion implantation mask. The source/drain region 30 in the first active region 14 may comprise

impurities of the second conductivity type. For example, the impurities of the second

conductivity type may be injected at an energy of about 10 KeV ~ 40 KeV and a

concentration of about 1><1()]6 ea/cm3 ~ 1><10l7 ea/cm3. The fourth photo resist pattern 29 is
removed.

[0041] Referring to FIG. 25, a fifth photo resist pattern 31 is formed to cover the first active

region 14. A source/drain region 30 may be formed in the second active region 16 using the

fifth photo resist pattern 31, the dummy gate electrode 22 and the spacer 28 as an ion

implantation mask. The source/drain region 30 may comprise impurities of the first

conductivity type. For example, the impurities of the first conductivity type may be injected

into the second active region 16 at an energy of about 10 KeV ~ 50 KeV and a concentration

of about 1><10”’ ea/cm3 ~ 1><1017 ea/cm3. The source/drain region 30 may be formed at the

same depth in the first active region [14 and the second active region 16. The fifth photo resist

pattern 31 may be removed from the substrate 10.

[0042] Although not shown in drawings, the source/drain region 30 may be formed by

removing portions of the first active region 14 and the second active region 16 at both sides

of the dummy gate stack 24 and filling epitaxial silicon germanium with respective impurities

in the removed portions.

[0043] Referring to FIG. 26, a mold insulating layer 32 is formed to cover the device

isolation layer 12, the source/drain region 30 and the dummy gate stack 24. The mold

insulating layer 32 may be formed by a method such as LPCVD or PECVD. The mold

insulating layer 32 may be planarized to expose the dummy gate electrode 22. The

planarization of the mold insulating layer 32 may be performed by a method such as CMP or

etch—back process.

[0044] Referring to FIG. 27, the dummy gate electrode 22 on the first active region 14 may

be selectively removed to form a first trench 35. The removing of the dummy gate electrode '

22 may comprise forming a sixth photo resist pattern 34 to cover the second active region 16

while exposing the first active region 14, and etching the dummy gate electrode 22 in a dry or

wet etching process. The dummy gate electrode 22 may be removed using the sixth photo

10
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resist pattern 34, the mold insulating layer 32 and the spacer 28 disposed on the substrate 10

as an etching mask. The buffer gate electrode 20 may be used as an etch stop layer during the

dummy gate electrode 22 etching. The sixth photo resist pattern 34 is removed from the

second active region.

[0045] Referring to FIG. 28, a first metal layer 36 is formed on the entire surface of the

substrate 10. The first metal layer 36 may comprise a titanium nitride layer (TiN) that is

formed by a method such as CVD or ALD. The first metal layer 36 may be formed of the

same thickness on a bottom and a sidewall of the first trench 35 as well as a top surface of the

first trench 35. If the first metal layer 36 is buried in the first trench 35, the first metal layer

36 in the first trench 35 may comprise a void formed by overhang of the first metal layer 36.

Thus, in the embodiment of the inventive concept, the first metal layer 36 may be formed to

have uniform thickness on the bottom and the sidewall of the first trench 35. For example, the

first metal layer 36 may be formed to have thickness of about 20 A ~ 200 /O\.

[0046] Referring to FIG. 29, a dummy filler layer 38 may be formed on the first metal layer

36. The dummy filler layer 38 may comprise a silicon oxide layer that is formed by a spin on

glass (SOG) method. The dummy filler layer 38 may completely fill the first trench 35. The

dummy filler layer 38 may comprise a void in the first trench.

[0047] Referring to FIG. 30, the dummy filler layer 38 may be planarized to expose the first

metal layer 36. The dummy filler layer 38 may be planarized in a CMP process or an etch-

back process. The dummy filler layer 38 may be remained just in the first trench 35.

[0048] Referring to FIG. 31, the first metal layer 36 on the mold insulating layer 32 is

removed. An upper portion of the first metal layer 36 disposed between the mold insulating

layer 32 and the dummy filler layer 38 may be removed to form a recess. The removing of

the first metal layer 36 may be performed in a dry or wet etching process in which etching

selectivity is over twice to the first metal layer 36 than to the dummy filler layer 38 and the

mold insulating layer 32. The first metal layer 36 may be remained on the bottom surface of

the first trench 35 and a lower sidewall of the first trench 35. The first metal layer 36 may be

formed symmetrically on both sidewalls of the first trench 35. The first metal layer 36 may

have U—shaped section as a first metal pattern.

[0049] Referring to FIG. 32, the dummy filler layer 38 is removed to form a second trench 40

on the first active region 14. The dummy filler layer 38 may be etched in an etching process

in which etching selectivity is over twice to the dummy filler layer 38 than to the dummy gate

electrode 22, the mold insulating layer 32 and the first metal layer 36. The second trench 40

may be shallower than the first trench 36 because of the first metal layer 38. The first metal

11
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layer 36 is form on a lower sidewall of the second trench 40. The second trench 40 may have

a beginning of the same size as the first trench 35.

[0050] Referring to FIG. 33, a second metal layer 42 is formed on the first metal layer 36.

The second metal layer 42 may be formed on the entire surface of the substrate 10 while

filling the second trench 40. The second metal layer 42 may comprise at least one of

aluminum, tungsten and titanium that are formed by PVD or CVD. The second metal layer 42

may be formed without a Void in the second trench 40 on the first active region 14. Since the

second trench 40 is shallower than the first trench 35 and has the beginning of the same size

as the first trench has, the second metal layer 42 can be formed without forming an overhang

at the beginning of the second trench 40.

[0051] Referring to FIG. 34, the second metal layer 42 may be removed to be planarized. The

planarization of the second metal layer 42 may be performed by CMP or etch—back. As a

result, a first gate electrode 46 is formed on the first active region 14. The first gate electrode

46 may be extended in a vertical direction to the arrangement direction in which the

source/drain regions 30 are arranged. The fist gate electrode 46 may comprise the first metal

layer 36 and the second metal layer 42. The first gate electrode 46 may compose a p—MOS

transistor on the first active region 14. Material and thickness of the buffer gate electrode 20,

the first metal layer 36 and the second metal layer 42 may be selected according to the

desired electric resistance and work function of the p—MOS transistor. Since p—MOS

transistors require a simple switching operation, the first gate electrode with more than 2

metal layers may be adapted.

[0052] Referring to FIG. 35, the dummy gate electrode 22 on the second active region 16

may be removed to form a third trench 43 on the second active region 16. The dummy gate

electrode 22 may be etched by a dry or wet etching process in which the dummy gate

electrode 22 has etching selectivity to the second metal layer 42. When etching selectivity to

the dummy gate electrode 22 and the second metal layer 42 is not sufficient, a seventh photo

resist pattern may be formed on the first active region. The dummy gate electrode 22 may be

removed then using the seventh photo resist pattern as an etch mask. The buffer gate

electrode 20 on the second active region 16 may be exposed in the third trench 43.

[0053] Referring to FIG. 36, a third metal layer 44 is formed in the third trench 43. The third

metal layer 43 may be formed on the entire surface of the substrate 10. The third metal layer

43 may comprise at least one of aluminum, tungsten, titanium and tantalum which are formed

by PVD or CVD. The third metal layer 44 maybe formed of the same material as the second
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metal layer 42. The third metal layer 44 may be in Contact with the buffer gate electrode 20 or

the gate insulating layer 18.

[0054] Referring to FIG. 37, the third metal layer 44 on the mold insulating layer 32 is

removed to be planarized. The planarization of the third metal layer 44 may be performed by

CMP or etch-back. The second gate electrode 48 may comprise the buffer gate electrode 20

and the third metal layer 44. The second gate electrode 48 may compose an n—MOS transistor 4

on the second active region 16. The n—MOS transistor is different from the p—MOS transistor

in the operation voltage. Current in the n—MOS transistor may be controlled in accordance

with a switching voltage. Thus, the second gate electrode 48 may comprise less than two

metal layers in order to simplify the estimation of an electric resistance or a work function

according to combination of the metal layers. For example, the operating voltage may be

applied lower to the first gate electrode 46 of the p—MOS transistor than to the second gate

electrode the n—MOS transistor. In conventional device, the first gate electrode 46 is weak in

a void defect. According to the second embodiment, however, the first gate electrode 46 does

not have a void to prevent operation characteristic of the p—MOS transistor from deterioration.

In the second embodiment of the inventive concept, the first gate electrode 46 is formed on

the first active region before forming the second gate electrode 48 on the second active region.

The second gate electrode 48 may be extended on the second active region 16 in a direction.

The second gate electrode 48 may be extended vertically to the direction in which the

source/drain regions 30 are arranged.

[0055] Although not shown in drawings, the mold insulating layer 32 on the source/drain

region 30 may be removed to form a Contact hole, and a source/drain electrode may be
for111ed in the contact hole.

[0056] According to embodiments of the inventive concept, the first gate electrode

comprising the first metal and the second metal can be formed on the first active region, and

the second gate electrode comprising the second metal can be formed on the second active

region. Therefore, the first gate electrode and the second gate electrode can be formed of

different metals from each other.

[0057] Further, the first metal layer is removed at the beginning of the trench in which the

first gate electrode is formed, and the second metal layer is formed on the first metal layer.

Therefore, the second metal layer can be formed without overhangs.

[0058] Further more, the second metal layers of the first gate electrode and the second gate

electrode are formed simultaneously such that the manufacturing process can be reduced, and

thereby productivity can be increased or maximized.
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[0059] The above—disclosed subject matter is to be considered illustrative and not restrictive,

and the appended claims are intended to cover all such modifications, enhancements, and

other embodiments, which fall within the true spirit and scope of the inventive concept.

Thus, to the maximuni extent allowed by law, the scope of the inventive concept is to be

dctcrmined by the broadest permissible interpretation of the following claims and their

equivalents, and shall not be restricted or limited by the foregoing detailed description.
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WHAT IS CLAIMED IS:

1. A method of forming an insulated~gate transistor, comprising:

forming a gate insulating layer on a substrate;

forming a dummy gate electrode on the gate insulating layer;

forming electrically insulating spacers on sidewalls of the dummy gate electrode;

covering the spacers and the dummy gate electrode with an electrically insulating

mold layer;

removing an upper portion of the mold layer to expose an upper surface of the dummy

gate electrode;

removing the dummy gate electrode from between the spacers by selectively etching

back the dummy gate electrode using the mold layer and the spacers as an etching mask;

depositing a first metal layer onto an upper surface of the mold layer and onto inner

sidewalls of the spacers;

filling a space between the inner sidewalls of the spacers with a dummy filler layer

that contacts the first metal layer;

removing an upper portion of the first metal layer from between the inner sidewalls of

the spacers and the dummy filler layer;

removing the dummy filler layer from between the inner sidewalls of the spacers to

expose the first metal layer; and

depositing a second metal layer onto a portion of the first metal layer extending

between the inner sidewalls of the spacers to thereby define a metal gate electrode comprising

a composite of the first and second metal layers.

2. The method of Claim 1, wherein said filling a space is followed by a step of

planarizing the dummy filler layer to expose a portion of the first metal layer on the upper

surface of the mold layer.

3. The method of Claim 1; wherein the dummy gate electrode and the dummy

filler layer comprise the same materials.

4. The method of Claim 1, wherein the dummy gate electrode and the dummy

filler layer comprise polysilicon.



NVIDIA Corp. 
Exhibit 1002 

Page 171

Attorney Docket No. 5649-2985

5. The method of Claim 1, wherein said forming a dummy gate electrode on the

gate insulating layer is preceded by forming a buffer gate electrode comprising titanium

nitride or tantalum nitride on the gate insulating layer.

6. The method of Claim 1, wherein said removing an upper portion of the first

metal layer comprises selectively etching the first metal layer using the dummy filler layer

and the mold layer as an etching mask.

The method of Claim 5, wherein the first metal layer comprises titanium

8. A method of forming CMOS transistors, comprising:

forming first and second gate insulating layers on a substrate;

forming first and second dummy gate electrodes on the first and second gate

insulating layers, respectively;

forming first and second electrically insulating spacers on sidewalls of the first and

second dummy gate electrodes, respectively;

covering the first and second spacers and the first and second dummy gate electrodes

with an electrically insulating mold layer;

removing an upper portion of the mold layer to expose an upper surface of the first

dummy gate electrode and an upper surface of the second dummy gate electrode;

selectively removing the first dummy gate electrode from between the first spacers

using a mask to prevent removal of the second dummy gate electrode;

depositing a first metal layer onto an upper surface of the mold layer and onto inner

sidewalls of the first spacers;

filling a space between the inner sidewalls of the first spacers with a dummy filler

layer that contacts the first metal layer;

removing an upper portion of the first metal layer from between the inner sidewalls of

the first spacers and the dummy filler layer;

removing the dummy filler layer from between the inner sidewalls of the first spacers

to expose the first metal layer concurrently with removing the second dummy gate electrode

from between inner sidewalls of the second spacers; and

depositing a second metal layer onto a portion of the first metal layer extending

between the inner sidewalls of the first spacers to thereby define a first metal gate electrode

16
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of comprising a composite of the first and second metal layers concurrently with depositing

the second metal layer into a space between the inner sidewalls of the second spacers to

thereby define a second metal gate electrode.

9. A method for manufacturing a MOS transistor, comprising:

providing a substrate having a first active region and a second active region;

forming a dummy gate stack on the first active region and the second active region,

the dummy gate stack comprising a gate dielectric layer and a dummy gate electrode;

forming source/drain regions in the first active region and the second active region

disposed at both sides of the dummy gate stack;

forming a mold insulating layer on the source/drain regions;

removing the dummy gate electrode on the first active region to form a first trench on

the mold insulating layer;

forming a first metal pattern at a lower portion of the first trench to form a second

trench, and removing the dummy gate electrode on the second active region to from a third

trench in the mold insulating layer; and

forming a second metal layer in the second trench and the third trench to form a first

gate electrode on the first active region and a second gate electrode on the second active

region.

10. The method of Claim 9, wherein the forming of the second trench and the

third trench comprises:

stacking a first metal layer and a dummy filler layer on a top surface of the mold

insulating layer and in the first trench;

planarizing the dummy filler layer to expose the first metal layer; and

removing the first metal layer on the top surface of the mold insulating layer and

removing an upper portion of the first metal layer formed between the mold insulating layer

and the dummy filler layer to form the first metal pattern at the lower portion of the first

trench.

ll. The method of Claim 10, wherein the dummy gate electrode and the dummy

filler layer are formed of the same material.
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12. The method of Claim 11, wherein the dummy gate electrode and the dummy

filler layer are formed of polysilicon.

13. The method of Claim 11, wherein the forming of the second trench and the

third trench further comprises:

removing the filler layer on the first active region and the dummy gate electrode on

the second active region to form the second trench on the first active region and the third

trench on the second active region.

14. The method of Claim 11, wherein the first metal layer is removed by an

etching method in which the first metal layer is etched with etching selectivity to the dummy

filler layer and the mold insulating layer.

15. The method of Claim 11, wherein the first metal layer is removed while

remaining at a bottom surface and a side lower portion of the first trench to form the first

metal pattern.

16. The method of Claim 10, further comprising:

forming a spacer on a sidewall of the dummy gate electrode.

17. The method of Claim 10, further comprising:

forming a buffer gate electrode between the gate insulating layer and the dummy gate

electrode.

18. The method of Claim 17, wherein the buffer gate electrode comprises titanium

T nitride or tantalum nitride.
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19. The method of Claim 10, wherein the forming of the first gate electrode and

the second gate electrode comprises:

forming the second metal layer on the entire surface of the substrate including the

second trench and the third trench; and

planarizing the second metal layer down to a top surface of the mold layer to isolate

the first gate electrode and the second gate electrode from each other.

20‘ The method of Claim 10, wherein forming the second metal layer in the

second trench and the third trench respectively.
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ABSTRACT

Provided is a method for manufacturing a MOS transistor. The method comprises

providing a substrate having a first active region and a second active region; forming a

dummy gate stack on the first active region and the second active region, the dummy gate

stack comprising a gate dielectric layer and a dummy gate electrode; forming source/drain

regions in the first active region and the second active region disposed at both sides of the

dummy gate stack; forming a mold insulating layer on the source/drain region; removing the

dummy gate electrode on the first active region to form a first trench on the mold insulating

layer; forming a first metal pattern to form a second trench at 21 lower portion of the first

trench, and removing the dummy gate electrode on the second active region to from a third

trench on the mold insulating layer; and forming a second metal layer in the second trench

and the third trench to form a first gate electrode on the first active region and a second gate

electrode on the second active region.



NVIDIA Corp. 
Exhibit 1002 

Page 176



NVIDIA Corp. 
Exhibit 1002 

Page 177



NVIDIA Corp. 
Exhibit 1002 

Page 178



NVIDIA Corp. 
Exhibit 1002 

Page 179



NVIDIA Corp. 
Exhibit 1002 

Page 180

..‘.‘....i.

I / /
|/4

‘i



NVIDIA Corp. 
Exhibit 1002 

Page 181

36

3p
30

I

_..... T:-
1‘;



NVIDIA Corp. 
Exhibit 1002 

Page 182

IOZO!OIO?OZQ'.OIO2¢&IC

36¥/ X910!O!O!€flOZO!OYOZ6!0!O!6ZO1|DYOZOZOIOIOYQOYOYOZOZOIKQXO2OI€62OIO220XOYOYOIO!OZOZOZxO§ ’ 26

A
.QYOY‘YCYOYQ. /

......... =:.-.2.-2: J

F ‘  ’ \‘

" '1 ‘I
f’"""T



NVIDIA Corp. 
Exhibit 1002 

Page 183



NVIDIA Corp. 
Exhibit 1002 

Page 184



NVIDIA Corp. 
Exhibit 1002 

Page 185



NVIDIA Corp. 
Exhibit 1002 

Page 186



NVIDIA Corp. 
Exhibit 1002 

Page 187



NVIDIA Corp. 
Exhibit 1002 

Page 188



NVIDIA Corp. 
Exhibit 1002 

Page 189

_ "—":"'

i'f"""'f

86 ZSXOIOYOZOYOXOYOZOYOYOYOYOYOYOEIYOYOYOXOYOYOY031030301010{OX0}.YOIOIOKXOIOYOYOIOXOKIOIOV
K 3

§ " T‘30



NVIDIA Corp. 
Exhibit 1002 

Page 190

3 6$ K9KXOYOKXOIDIOZOXXOXOXKOXCKYOXOXOXOKXOXOXOXOXCXOXOXOYOYOXOXOYCXOXOYOXOXOXOXOXOXKOXKO  !OXOXOXOXOYOXO7OIOX0'AO'1/ ,/
//

V \ F ‘I

36 X9X030!’OYOYOIUZOXOYOYOXOYUZOYO1‘DYOZ6361’OYOYOIOKX0261OXOIO!OIOXOIOYOXOTXOYOYOYOXOYOYOYOYOXOV ' YOYOYOYOXOYOYOYOYOYOEOYU§

32¢ a
‘AYAYAYCYAYAJ_

"r""i' "r""i" i



NVIDIA Corp. 
Exhibit 1002 

Page 191

Fig. 32

22

—lI|jla.......%a%
30 ‘p""? "i""i'=



NVIDIA Corp. 
Exhibit 1002 

Page 192

‘W
2 “'

’ ‘Z



NVIDIA Corp. 
Exhibit 1002 

Page 193

AV4V.V;V4V¢Q// /
‘

V3 : ‘ ‘ C gmnvxvgvgvgfi!



NVIDIA Corp. 
Exhibit 1002 

Page 194

W71
5 AVAVAVAVAVA



NVIDIA Corp. 
Exhibit 1002 

Page 195

Attorney Docket No. 5649-2985

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

As a below named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below next to my name.

I believe I am the original, first and sole inventor (if only one name is listed below) or an original,
first and joint inventor (if plural names are listed below) of the subject matter which is claimed
and for which a patent is sought on the invention entitled METHODS OF FORMING CMOS
TRANSISTORS WITH HIGH (IONDUCTIVITY GATE ELECTRODES, the specification
of which

[XI is attached hereto

OR

E] was filed on as United States Application No. or PCT
International Application Number and was amended on M ‘___ (if applicable).

I hereby state that I have reviewed and understand the contents of the above—identified
specification, including the claims, as amended by any amendment specifically referred to above.

I acknowledge the duty to disclose information which is material to patentability as defined in 37
C.F.R. § 1.56, including for continuation—in-part applications, material information that became
available between the filing date of the prior application and the national or PCT international
filing date of the continuation~in—part application.

I hereby claim foreign priority benefits under 35 U.S.C. § 1l9(a)—(d) or (f), or § 365(b) of any
foreign application(s) for patent, inventor's or plant breeder's rights certificate(s), or § 365(a) of
any PCT international application which designated at least one country other than the United
States of America, listed below and have also identified below any foreign application for patent,

inventor's or plant breeders rights certificate(s), or any PCT international application having a
filing date before that of the application on which priority is claimed.

10-2009-0121 108 12/03/2009

Number MM/DD/YYYY Filed

L_J Yes

Number MM/DD/YYYY Filed Priority (3

LJ Yes N o

MM/DI)/YYYY Filed Priority Claimed
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DECLARATION AND POWER OF ATTORNEY — CONTINUED

lhcreby claim the benefit under 35 U.S.C. § 119(6) of any United States provisional
app1ication(s) listed below.

None

Application Number(s) Filing Date (MM/DD/YYYY)

M 7
Application Numbcr(5) Filing Date (MM/DD/YYYY) l

I hereby claim the benefit under 35 U.S.C. § 1120 of any United States appliCation(s) or § 365(c)
of any PCT international application designating the United States of America, listed below.

None

Application No. Filing Date Status
Patented/Pending/Abandoned

Application No. Status
Patented/Pentling/Abandoned

Applicatiott No. Filing Date Status
Pttlettled/l’ending/Abandoned

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these

statements were made with the knowledge that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any

patent issued thereon.

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following registered

attorney(s) to prosecute this application and transact all business in the Patent and Trademark
Office Connected therewith.

Customer No. 20792
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DECLARATION AND POWER OF ATTORNEY — CONTINUED

Ihereby authorize the above-named attorneys to accept and follow instructions from my Korean
or United States representatives, Samsung Electronics, as to any action to be taken in the U.S.
Patent and Trademark Office regarding this application without direct communication between
the abovemamed attorneys and myself. In the event of a change in the persons from whom
instructions may be taken, I will notify the above—nmned attorneys.

Send correspondence to: Customer No. 20792
Grant J. Scott

Myers Bigel Sibley & Sajovec, P.!\.
P. O. Box 37428

Raleigh, North Carolina 27627

Telephone: (919) 854-1400
Facsimile: (919) 854-1401

Direct telephone calls to: Grant J. Scott
(919) 854-1400

Facsimile: (919) 854-1401

Full name of first inventor: Jungwun Lee\

Inventor's ,

Signature: E’ Date; /0//f /3'0/O
Residence: 4014003, Solbit Maeut Gyeongnam Anusvill Apt.

Bansong-dong, I-lwaseong-si
Gyc0I1ggi—d0, Republic of Korea

Citizenship: Republic of Korea

Mailing Address: Intellectual Property Team, Samsung Semiconductor
Samsung Electronics C0,, Ltd.

San #16, Banwol-Dong, Hwasung -City

Gyeonggi-do, Republic of Korea, #445701
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DECLARATION AND POWER OF ATTORNEY — CONTINUED

Full name of second inventor: Boun Yoon

Inventor's \

Signature: 50 M7’ /4170 Date: /7—¥4 054‘. 2:5’ /”

Residence: 119-902, B-avnpo Raemlan Apt.
Banpo 2-dong, Scocho-gu
Seoul, Republic of Korea

Citizenship: Republic of Korea

Mailing Address: Intellectual Property Team, Samsung Semiconductor
Samsung Electronics Co., Ltd‘
Sun #16, Banwol—Dong, Hwasung —City

Gyeonggi-do, Republic of Korea, #445-701
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DECLARATION AND POWER OF ATTORNEY — CONTINUED

Full name of third inventor: SangYeob Han

Inventor's ‘

Signature: Dale: 10/ (9( 70,0
Residence: 602-601, Ggum Maeul Hyundai Apt.

Pycongchon—dong, Dongan—gu, Anyang—si,

Gyeonggi-do, Republic of Korea

Citizenship: Republic of Korea

Mailing Address: Intellectual Property Team, Samsung Semiconductor
Samsung Electronics C0,, Ltd.
Sun #16, Bariwol—Dong, Hwasung -City

Gyeonggi—do, Republic of Korea, #445—70l
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DECLARATION AND POWER OF ATTORNEY ~ CONTINUED

Full name of fourLh inventor: Chae Lyoung Kim

Inventor's

Signature: E ‘ Date: (GHQ [ g,O{O
Residence: 401, 837-17, Jinan—dong, Hwaseong-si

Gyeonggi-do, Republic of Korea

Citizenship: Republic of Korea

Mailing Address: Intellectual Property Team, Samsung Semiconductor
Samsung Electronics Co., LLd.
San #16, Banwol-Dong, Hwasung -City

Gyeonggi—do, Republic of Korea, #4455101
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Lee etal.

Application No.: To Be Assigned
Filing Date: Concurrently Herewith
For: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE

ELECTRODES

Attorney Docket No. 5649-2985 PATENT
lii

Date: November 9, 2010

Commissioner for Patents
Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT TRANSMITTAL
Sir:

Attached is an Information Disclosure Statement listing of documents, together with a copy of any

listed foreign patent document and/or non-patent literature. A copy of any listed U.S. patent and/or U.S.

patent application publication is not provided herewith in accordance with 37 C.F.FI. § 1.98(a)(2)(ii).

[Z In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed:

(1) within three months of the filing date of a national application other than a continued

prosecution application under §1.53(d);

D (2) within three months of the date of entry of the national stage as set forth in §1.491 in an

international application;

l___] (3) before the mailing of a first Office Action on the merits; or

1:] (4) before the mailing of a first Office Action after the filing of a request for continued
examination under §1.114.

[:1 In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the

period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under §1.113, a

notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is

accompanied by E of the following:

CI (1) The statement specified under 37 CFR 1.97(e), as follows:

E] Each item of information contained in the information disclosure statement was

first cited in any communication from a foreign patent office in a counterpart foreign

application not more than three months prior to the filing of the information disclosure

statement; 9;

E! No item of information contained in the information disclosure statement was

cited in a communication from a foreign patent office in a counterpart foreign application,

and, to the knowledge of the person signing the certification after making reasonable inquiry,

no item of information contained in the information disclosure statement was known to any

individual designated in §1.56(c) more than three months prior to the filing of the information

disclosure statement; g

CI (2) The fee set forth in §1.17(p);
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In re: Lee et al.

Application No.: To Be Assigned
Filing Date: Concurrently Herewith
Page 2 of 2

[:I in accordance with 37 CFR 1.97(d), the information disclosure statement is being filed after the

period specified in 37 CFR 1.97(c) above, but on or before payment of the issue fee, and is accompanied by

E1; of the following:

CI (1) The statement specified under 37 CFR 1.97(e), as follows:

I] That each item of information contained in the information disclosure statement

was first cited in any communication from a foreign patent office in a counterpart foreign

application not more than three months prior to the filing of the information disclosure

statement; o_r

l:I That no item of information contained in the information disclosure statement was

cited in a communication from a foreign patent office in a counterpart foreign application,

and, to the knowledge of the person signing the certification after making reasonable inquiry,

no item of information contained in the information disclosure statement was known to any

individual designated in §1.58(c) more than three months prior to the filing of the information

disclosure statement; gig

I] (2) The fee set forth in §1.17(p);

In accordance with 37 CFR 1.97(g), the information disclosure statement shall not be construed as a

representation that a search has been made.

in accordance with 37 CFR 1.97(h), the information disclosure statement shall not be construed to

be an admission that the information cited in the statement is, or is considered to be, material to patentability

as defined in §1.56( ).

D The Director is hereby authorized to charge the fee specified in 37 C.F.R. § 1.17(p), and any fee

deficiency or credit any overpayment, to Deposit Account No. 50-0220; g

E] No fee is believed due. However, the Director is hereby authorized to charge any deficiency or

credit any overpayment to Deposit Account No. 50-0220.

R ul|y s ffnitted,
Grant .

Regi tion No. 36,925
Att ey for Applicants

Customer Number 20792

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428, Raleigh, NC 27627
919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in
dance with 37 CFR 1.6(a)(4) to the US. Patent and Trademark Office on November 9, 2010.

Name: Candi L. Riggs
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(use as many sheets as necessary)

Complete if Known
Application Number
Filing Date
First Named inventor Jongwoo Lee
Art Unit
Examiner Name

Sheet
|A1

of Attorney Docket Number 5649-2985

u.s. PATENT Documents

lnitia|s*
Examiner 7 Document Number

Number—Kind Code (if known)

Publication Date
MM-DD-YYYY

Name of Patentee or
Applicant of Cited Document

Pages, Columns, Lines, Where
Relevant Passages or Relevant

Figures Appear

US— 6,573,134 B2 oe-03-2003 Ma et al.

US— 7,056,794 B2 06-06-2006 Ku et al.

US— 7,153,734 132 12-26-2006 Brask et al.

us- 7,157,378 B2 01-02-2007 Brask et al.

us- 7,390,709 132 06-24-2008 Doczy et al.
I_

US— 2006/0278934 A1 1 12-14-2006 Nagahama
US-
US-

FOREIGN PATENT DOCUMENTS
Examiner
lnitia|s*

Foreign Patent Document

Country Code, Number, Kind Code (if
known)

Publication Date
MM-DD—YYYY

Name of Patentee or

Applicant of Cited Document
Pages, Columns, Lines,

Where Relevant Passages
or Relevant Figures Appear 4

JP 2002-9229794 1 1115-2002 Sharp Corp
JP 2005-197748 07-21 -2005 ' international Business

Machines Corporation
JP 2006-351580 12-28-2006 Sony Corp.
KR 1020060129959 A 12-18-2006 Sony Corp.
KR 1020020075732 A 10-05-2002 Sharp Corporation
KR 1020050073541 A 07-14-2005 International Business

Machines Corporation

NON PATENT LITERATURE DOCUMENTS
Examiner
lnitials*

include name of the author (in CAPlTAL LETTERS), title otthe article (when appropriate), title of the item (book, magazine, journal,
serial, symposium, catalog, etc.), date, page(s), volume-issue numDer(s), publisher, city and/or country where published

Steigerwald, Joseph M., "Chemical Mechanical Polish: The Enabling Technology," 2008
IEEE, pp. 37-40,

Examiner

fiignature l
*EXAM|NER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation it not
in conformance and not considered. include copy of this form with next communication to applicant.

7 Date
Considered
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Searching PAJ 11110111 1 / 1

PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2002-329794

(43)Date of publication of application : 15.11.2002

(51)Int.Cl. H01L 21/8238
H01L 21/23
H01L 27/092
H01L 29/43

'22-

(21)App|ication number : 2002-075150 (71)Applicant : SHARP CORP

(22)Date of filing : 18.03.2002 (72)Inventor : MA YANJUN
YOSHI ONO
EVANS DAVID R

SHIEN TEN SUU

(30)Priority

Priority number : 2001 817834 Priority date : 27.03.2001 Priority country : US

(54) DUAL METAL GATE CMOS DEVICE AND ITS MANUFACTURING METHOD

(57)/\bstract:

PROBLEM TO BE SOLVED: To provide a dual gate
CMOS device which is effective and highly reliable

without using poly silicon for gate regions.
SOLUTION: This method for manufacturing a dual gate

CMOS device comprises a process for arranging a
silicon substrate so as to form device regions including

an n-well 14 and a p-well 16 in each device region, a

process for forming a gate oxide and depositing a dummy . . I g
‘:3

- - /29 FT ‘V; "" ’

gate In each n—we||, p-well, a process for ‘Forming a
source region and a drain region in each n-well, p-well J I ' 2 *~
by ion implantation, a process for removing dummy gates mm,
and a gate oxide, a process for depositing a high k V13:

dielectric 38, a process for depositing a first metal 42 in
the gate region of the p-well, a process for depositing a

second metal 44 in the gate regions of each n~well, p-

well, and a process for insulating structures obtained
through above processes and forming a metal wiring
layer for connection.

httpi//wwwi9.ipd|.inpit.go.jp/PA1/resuIt/detail/main/wAAAk6aOQoDA... 2010-07-19
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(11)Pub|ication number : 2005-197748

(43)Date of publication of application :21.07.2005

(51)Int.Cl. H01L 29/78
H01L 21/23
H01L 21/336
H01L 21/£3233
H01L 27/092
H01L 29/423
H01L 29/49

I _ . .__ , .___._.. . .._. .. V-"

(21)App|ication number : 2005-001988 (71)Applicant : INTERNATL BUSINESS MACH
CORP (IBM)

(22)Date of filing : 07.01.2005 (72)Inventor : KU VICTOR
STEEGEN AN

WANN HSING-JEN C

(30)Priority

Priority number :2004 707757 Priority date :09.01.2004 Priority country : US

(54) FET GATE STRUCTURE EQUIPPED WITH METAL GATE ELECTRODE AND SILICIDE
CONTACTS

(57)Abstract:

PROBLEM TO BE SOLVED: To provide a method of

producing one metal replacement gate or two metal
replacement gate for a semiconductor device.
SOLUTION: This structure contains sllicide contacts

with a gate region. A part of a substrate is exposed, by

removing a dummy gate structure and a sacrificial gate

dielectric, and a gate dielectric is formed on the exposed

part. A metal layer is formed so as to cover the gate
dielectric and dielectric materials. This metal layer, if it

is convenient, can be made of a blanket metal layer

covering a device wafer. Next, a silicon layer is formed
so as to cover the metal layer. This layer can be also

made of a blanket layer. Next, the top face of the
dielectric materials is exposed, by performing flatting or

etch back process. Other parts of the metal layer and

the silicon layer remain in a gate region 11, and there is

provided a front surface, having the same plane as the
top face of the dielectric materials. Next, there are
formed the silicide contacts, which are in contact with

the metal layer in the gate region 11.

httpi//www19.ipdl.inpit.go.jp/PA1/resuIt/detail/main/wAAArUaivpDA41... 2010-07-19
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(54) SEMICONDUCTOR DEVICE. AND ITS MANUFACTURING METHOD

(57)Abstract:

PROBLEM TO BE SOLVED: To prevent galvanic
corrosion in CMP an electrode metal layer for improving

reliability by coating first and second gate electrode

material layers with the electrode metal layer

constituting a gate electrode. _
SOLUTION: A semiconductor device 1 with a dual gate ‘Ifig magma

structure having the gate electrode provided In grooves ‘,=‘,-,§7§§?;.:_§}§§§’:“
has the first gate electrode material layer 25 of a p-type .l ‘v ‘ figfjjimwn :2
MOS transistor, the second gate electrode material layer = ‘ 4‘ 'f-"“*!'.

27 of an n-type MOS transistor and the electrode metal A ’
layer 29 formed in the first groove 22 via a gate

insulating film 24. The first gate electrode material layer =

25 and the second gate electrode material layer 27 are ‘ ‘4 ;i;#‘_::wM£73!V5;‘_fl¥
coated with the electrode metal layer 29 in the first :-3!:mv93;2is:1su.:»sr5':-;2:2xi:

groove 22. The second gate electrode material layer 27

of the n-type MOS transistor 3 and the electrode metal
layer 29 are formed in the second groove 23 via the gate
insulation film 24, and the second gate electrode

material layer 27 is coated with the electrode metal
layer 29 in the second groove 23.

J P Vflfifil
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(57) Abstract:

PURPOSE: A semiconductor device and a method

for fabricating the same are provided to prevent }galvanic corrosion, thereby obtaining a gate _

structure having high reliability and improving
performance of a transistor. CONSTITUTION? A first
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(27) of a second conductive MOS translstor(3), and

an electrode metal layer(29) are formed in a first
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711015 XEW1 121011 *H7:5;12.1b<1, 7110112. 1&0 —‘aL.1§1% £21102} 1 31% 5101531 11315101, ~E1é 71101E91 7111101?
%‘1‘:*3’— 9“

1-5, 71101E Xd%91 ‘3~l§:1”1“% nMOS E%l?‘1i‘-E191 DMOS 15.%H7‘1
01E 711%” 9401491, pM0s E€B11¢E191 71015 $13121 Q11

7,d°1 %71%%1 7fi°1E1.
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01 57115 555171 11611115, nMOS 5211155101 711015 115111 was 5111155101 71015 735011 111111 712191 55
71155 5111115 01% 5% 71101571 711515131151; 015 501, n1v1os 551715515 711o15 735215 H51, 55111555 7,1

71 111151 <:1171%5— 1215 55 7155 715115, pMos 55115531 711015 1150115 p51 5516151501 7111 11-1112} 5
514-5 115 55 7155 710375151. 5» 5 5111 551,2 115)

°131°11, %?11 715011 111% 01% 731%. 711015 313% E 553171155191 ‘?§"§ “J55 5 6a 11111 3 W111 171111; 111% %7§
‘.’:1‘?1;E~‘5:% 73?=:01“‘1 ‘$1111 71115 77491131.

111,5 6a011 51111111101 1101. 515151171 71571 55101 011121 715011 2111,7151(110)121011 021135 %71 14_<3-1;“—1(111)011
5% 711015 121121591 54112, 11315 02112151151.12171%711 1.é_0d‘1(111)5, 0115 551;, 1151 15151512125 021135101 3111.

r1555, 5 6b011 51151 11101 501. 12171 5(112, 113)—°1 1155 551115 12171 %7& 152-1:‘111<111)01 11711551 711015 75
<2=_‘1<121)11 pMOS 5111155101 55 711015 715%(122)5 512112151. 12171 711015 11?1;E1(121)%, 0115 551, % nm01

57115 011215151, 12171 55 711015 7115%<122)—::- 10 nm~4O nm 121591 DMOS 55 711015 71155 531215171. 551, 5
6:» L111 5 51011 715<11) 5501 5115 11515151,

51555, 5 6c011 57151 11191 ago], 4,171 51% 711015 7115%(122) 12191 1d7'11E’1:(71I£1 12191 1d11111'1:)011 51115545 5551
5 a1111¢50—1(123)5 0211211121121. 0

5%-55, 5 6d011 51151 B101 1101, 55251151 715011 0111, nMOS 55111551 02111 0215 12191 12171 111115551023)
011 711515(124)5 031177151. 01 5%. DMOS 55111551 01121 05101 1210115 11 1155"1(123)01 5111501 9151-.

D555, 5 55011 51151 11101 1.101, 12171 a1111¢501(123)=,a:— 011711 111555 1101, 51012-7115 111115101 11711-155
VIOS 5111155101 02111 021510111101 pMOs 5511155191 55 711015 115%(122)5 110111155 0111215151: 01 75:1.
VIOS 55111551 021121 °3 510115 DMOS 551158191 55 711015 715%(122)01 51711151.

5, +171 42411191 715011 01711, 12,171 z1171¢551(123)5 7117115151. 01 7,-1371, 5 6f°11 51151 11101 1101, 121408 51111
E1-<1 55- 711015 715%(122) 01 1w:%11011L151-.

9.5, 5 6g01] 57111 11101 11-01, 12171 5% 711015 7115%(122)1215 3111115, 12171 %c112, 113M 11155 51111
5 12171 %7J-1,d_03E1(111)01 11.711155 5111-1171 11111 n1v1os 5211155101 51-5 711015 715%(125)5 51215151. 01 5%
711015 715%(125)5, 0115 55, 10 nm~40 nm01 577115 nMOS -5%. 711015 7155 0311551.

555, 5 611011 5111.1 11101 4101, 12171 5(112, 113)91 111515 551115 12171 nMOS 5111155101 5% 711015 715
%<125) 121011 5151 51% 7115%(126)5 1211215151.

51555, 5 6101 51151 11101 1101, 510-111 7171111 <21.v1(0111, CMP5131. 01121 51)<>11 31111, 12171 %z175<2101<111)12101 01
01011 115 55 715%(125), nMOS 551155191 51% 711015 7115%(125), 51 DMOS 51111155191 55 711015 715%

<122)5 711711101, 5<112)01 11111-011 711015 1,4.5‘?1<121)121011 5% 711015 715%<122, 125), 1;-1 115 5-5 715%(125)

01 u1151s1—5 55 711015(131)71 021135151, 511 13)01 1155 711015 1.1,0a01(121) 121011 DMOS 5111156101 5% 711015
715%(125) 5‘ 1&5 5% 715%(126)01 11515101 515 5%. 711015(132)71021121=151. 0191 72101 1101, 557110155 5
51115 01% 711015 11571 021135151.

51% 01 01373211 51%. 715531 31111

235 55 z115%—,nMos 557155191 55 711015 7115%,pMos 5111155191 5% 711015 715%, 51 711015 1503111

91 4 %591 7155 °d111(CMP)5171 1111111, 4 %5r01 E1 0351 71501 7151116115 -55, 1:151 15fl5<sio2))5 55-515
% 5 %501 71501 551115 51351 5571 2131, ?1;U1711(%€151)91 711591 5101571551. 551, 5‘-111515 0341155,

719191 1211151 *1 5711 1e1:%01112Z1%5191 21:51 1115 7101 51%—5 0L112-1117171 015F1.551,511'11 3 %%01 5% 71
5%01 CMP 11011 555 55, 01% 555 110101 11111715 9161 5111115 511111 11-1101 51111171 115, 01115 %501
1-1 51511515 11511171 7710151.
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7113155, E- *11"3‘€—, $15. 73‘? 711i—‘:.%% ?1111§ 1111 i§1%1~E 5%.“-%—91 5.‘ ’ , %~€11~‘fl °.1111X11°11 91?} @113 71%

31711 3131, ‘.'11117~1°11 111115. 551% 1141 7171711 $%£1‘1/‘1, 71%‘ $813571 'V 71%‘1711 1&1 {£171 £1131.

1»1‘§91 fi1’e'1

7s171%i>w1%1% 1:113 6171 ~%1%11,% 131591 ‘A e1*11‘éB11<=~111t1.5.121;,11E7117&.171E,71vL1 72,191 711°:1:111~<>11 7315111. 7111 E 111011

711012: 715.1% 571% 7111E7_11‘3 MOS .r=;a171éE191, $171 93.111611 737353. 7112 ‘~51 111011 711015 71:75-:— 71711117122171
75171 7111 E%i%171%~ <E1E7d%fl 7112 E71113 MOS E.21171¢1”=% ‘Q 71111011 %17112‘>;1t1/5171 1115711 70171011711, 72171 7111

E 1101115, 7110115. 7.1911 11°11, 75171 z111:a711§ MOS E11_171¢E1a 7111 71101: 71%‘ 7113571, 72171 7112 127113 MOS E
.11.171¢E1fl 7112 7110115. 7.1% 713571, 71% €45-%°1 7%1*é511,*z171z111 711 °1E 751-:1 713% 1%: $0171 712 71°13 1151 711
35% 72171 11%‘ 13155011 91311 751717111 1:? 1115 3115511, 72171 7112 E: 11101115,, 21012 E11131 72,1011/21717112 E7113

MOS .E_'%11$1éE1 91 7112 711015 71% 71191531., 71% -E.*—5.%<>1 $3511, 72171 7112 711015 71% 711&%% 72,171 71% %+*.%

°11 9161175171 7112 ~§ 111$ E1%'«:1_B1.

°1 191.‘E711$17<1'E, 711 E638 MOS E?.1_171¢E1fl 711°1E715é*§Q~‘E 7111 55’?-°11$1, $15.‘ "F=‘+’7%~°11 91311711 7111 711 <11
713% 3% 7112 711°1E $151‘ 711$-‘:%°1 3115511, 7112 Jr:7511"§ MOS E%H$1iE191 711 °1E71‘ §1/‘§flT‘:‘
i=%~°11911‘711/117112 711°1E $15.‘ 711fi%°171%Q°1 9114. 13133:, $15‘ —5.*%—§— 7111-1‘? 5% 7112 59°11 ‘#7155 Q1111‘

111, E1?1°11 b:%E1—E %%% 735.‘ €55? ‘E 711°1E ’§°&1‘31’°1 51°1,$=1111‘=1 114 ‘>1 ‘#1517171 71171 %1% $l°1131.Ex":1'.71,1€r
$1 $15 '{:‘€.‘*%1¥191 51113 7111 ~34 1111?“ 3% 7112 $33 11111411 $15.‘ %$%% 3c1"3’31E Zfl°1 71"o:§1‘5‘3‘.°171 1111v‘}<>11, 5.311%
°:1111711%: °1%?>11?'1*1 .fl7s1“a1E?1 ‘?E111171%‘% ~8~°1'<’?1‘/11 ‘E1 ‘F 3131.

1 1111191 1:145: 9/11c11°I1 1115.131, 11571 71715:, 717:1 72.191 $4_?1“—’1°11 731311; 7111 3 1111111 711°1E 715:2; * 11:11 11 A

% MOS Ee171¢E1=>1, 7171 71211311011 131.31% 7112 5;? 111011 7110115. 715% $17161 71331172171 71111371‘ 71
$1 7112 57,133 MOS ::;1171¢E1%— %?J. 71-1011 ‘§‘7111?_1131/2171 1115711 7e1"1°11/“ , 75171 7111 E »11°111:—, 7110115. £21111

—e:1<:1, 2517] x111 E1163 MOS E.fl71?:E1-‘4 7111 71101: 71%‘ 711E%~a71, 75171 7112 $7173 MOS E1’<1$1iE191 7112 71101 ,_
at z11§.%a71, $15.1 ~'.1é.‘—%~°1 631331, 7s1o1:=_ 721717111 711013: 71% 711§.%~.% 21717112 71101: 717. 71171550119161 %71
7111 % 111$ 7151351; 7:171 7112 % 11101113, 7110115. 7é<1'1:111"e1°11/21717112 E7383 MOS Efl71¢E191 712 71°15 $15 711

3571, 715.1 5501 1131513131., 72171 7112 711 °1:=: 71% 711:-‘1%~.% 75171 7151 %5%~°11 21811 $171 7112 % 111$ v1~2+;1v11.

°1 1{1E711’J7‘<1‘~.:: 7111 .1E$1‘“33 MOS E¢1$1¢1‘=131 711°1E71fé*§flE 7111~§°11$1,7112 711°1E $15.‘ 711f~’»%°11 91511/‘1 7111

7110115; $15.‘ 711§':‘E?"°1 3153101 511131. 151355, $15‘ T'3‘§.*~5‘~§: 7111 % 5-1 7112 §°11 ‘a"71E5.‘ fi171§11~% 1111, §£1.E1.°11 h:%‘»‘1

.3, $15.‘ 55.7%, 7112 711°1.E_ $15 711E%,‘§~l 711°1E 7£1‘11‘11°1°1$1,%-€11 71€91 11111711011 L:%E13: *E‘é?%91 %15r
E13115 $:1£:%C1. @7151 $31, 7311151 -‘?-’—‘1 °1 ‘#5315171 °1%131. E55}, $1” 35?‘? El 7112 711°1E $15‘ 711§i%91 °J1111E

71 1%: 111-“.1 3% 7112 53- 111-“.‘~°11 $15.‘ %é?%% §1*§‘5“1*‘_‘i, %‘E11-°»1 ‘?1111$11% °1%-31‘?1:/11 Ji$1‘§1E‘21 €111-71%‘—% 13101571711
‘P Silt .

0 111% 47111011 11:11.54:-1;,111_1_L.:z‘11‘/2,171-‘4 711: 1.111%, 71121 ‘E191 7121311011 121413 111% .1101 71015 715.1% 7171
' 1:1 31

1

$1113 MOS E11171:E191, /2171 710371011 611311. 711 % 111011 7110115. 751- % $171 zdgafl /2171 7111 E$1o71
$11391 7112 E11113 MOS Efl$1¢E1% %% 71151011 W3 111:1. $0171 11«..1111—e~, 1315711 7121 7112: 11,111 01111, $171 711

111 1;‘ 75.171 7112 % 111011 711015 7.12-1:1111% 6§*3*61% %173s1+,*o1717111 13- 111011, 75171 71101.? $11,121 751011/a1717111 E

°11’§171 7l1°1E $d,?'1‘51 El “B171 7111 711°1E $151‘ 7115585 ’§1°11,‘3~l ’a1717112 E 111°11’e171 711°1l5. ’§fl‘11 51°11, 7112 711°1E

15.‘ 711~T7+L%~% 1’1§"331r‘: %‘$£171,’2}71 7111 5% 9 “B171 7112 E91 11 7115.‘?-F_1‘1E 1115.‘--5—°11E1 €=71131E-51‘ $171 7112 711 °1E

‘ 21715 E %7§i’1.’a1717111 % 5‘! ‘$171 7112 $131735‘ %“—.“—%% 1111%%1.‘E% 11151011/21717111? 111°11’:»_1
71 7111 $15.‘ 713% 511 $171 7112 $15‘ 711§‘L%—% @171 $15‘. %4$%‘£i T151711 @171 7112 E 111°11 @171 7112 71°15 $15
711E‘23‘% $171 $15.‘ %‘%%‘2‘3i 1“115r%1~E %‘$1 111, @171 $;‘%'1:‘“—1 @191 °o“11‘.’1 $171 $15.‘ T3‘%%% 711713101, @171 7111 S 111
011 $171 7111 715.‘ 713% ‘% ‘B171 7112 $15‘ 711 %=% 715'5”1rE- ’}1E11i /2171 $15.‘ ‘—-.’t%-.‘i- ‘£1711/>171 7112 E 111°11 $171

7112 711°1I=i 735." 711i%:2: 715515: $13115 #171 $15 %~5*$%*% ‘a‘7.:L°—i’>*1 ’2171 7111 5% 111°11 7111 E$15§ MOS .*5_’~7<1$1?:

5191 711 °1 15. $151‘% 5§"é313‘—, ’S*71 7112 E 1—11°11 712 E$1% MOS E%%1$1¢E191 71°15 $15.‘r% 53/313117: %‘7é-% £§1§1E1.

°1 ‘£5711 72171? 711?’: “W11 °11$1E. $111 E1111 MOS 1531171311315 711 °1E71 “‘§*c1‘E1-‘:— 7111?;-‘°11/11%, $15.‘ %‘€‘r%°11 91311
$1 7111 711°1E 715.‘ 711%’? El 7112 711015 715.‘ 71132?-% 31153131. 7112 E$113§ MOS E:§11713:E191 711011571 “§"éQ‘.—’: 711

2 §°11$1‘r‘, $15‘ T3‘~—."‘-—’;=°11 91311711 7112 7110133 $15‘ 711.§%% 57151371131. $151331, $15‘ T3‘i“%~% 7111 % 7112 %°11 ‘.171

._6_
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5% ‘f1“1§ll:% 111011, 1115011 1:%F1E ’ - - ' 1 33.131. @313 311, 7,=_W1‘=1 1'1-’—‘1~E— 51737171

015171. E71, 12171 78.7% 7137-’—.7%‘i1-91 ‘E11 ’ ’ * °~ ‘$117133, 757711 71591 91131711
2% °1%~’5‘1E’i/~1 3i1é‘?4_E‘?l ‘$1171 71-E’—°1 %°1 1

11- 517391 715 /5171011011 71571, 115711 71191 15 111719, 7151 /191 71212710117715; 71115 11011 711015 71%:%~ 7171

7% 7111 57171 MOS 5717157191, /2171 74.2-1:‘71011 717,151 711 5 711011 711015 71%% 717171 715571 /2171 7111 5717171
5 75717191 7112 57171 MOS 571715715 757% 7171011 7717171./21711115711721‘ 91 7117- 7.111%. /2171 7111 5 11 ‘:1

/2171 7112 5 711011 711015 7§°:17—1=E.r 7.171715 737171, /2171 7111727.; 111011, /2171 71101 " 01% /2101, /171 7111 57171 M08
5717157191 7111 711015 71% 711555 /171 7111 1791 711%7571L11l7%011 717171,. 717171, /171 7111 5 711011 /2171 711

915 75171171 ‘$1 /21717111711915 71% 715% /21011, 5‘ /21717112 % 1101/5171 710 5 $1191 /2101, 7112 711015 71% 715%
5 7173715 77171, /171 71115 ‘:1 /2171 7112 5-5 7171715% 71% %7;~.i:— 717171 57171, /2171 571.71 /191 0301271

/17171% %7:—%- 5‘ /21717112 711015 71% 711575 711717101./217171115 1110117111 1° 5 71% 715%, 7112 711015 71

% 715%, 2-1 71% %—:~%55 01771715 7111 57171 MOS 57171¢7191 711015 71 5 717.1715,/a1717112 5 10117112
711015 71% 715% ‘:1 71% 517525 011701715 7112 57171 M08 5717157191 1015 71%% 7171715 73-71% 571
7171.

>4

111*
1r111

57.111E111:11
o1 1315711717121 7115 7171011715, 7111 57171 MOS 5a1171¢7191 711015717171715 71115011715, 7112 711015 71% 71

5%-011 77171 7111 711015 71% 71157575 7171-7155, 71% 77% 7111 5 ‘:1 7112 5711 ‘,1715% 0371715 71011, 571711

55715 555 71% %7—%, 7112 711015 71% 715%, 711015 7177101 571. 17155, 77111 <2-1717171155715 %
77% 757+ #5715 715555, 571% 171% 51717171 01571. 71% 577% 112 7112 711015 71% 7157-91 7171

5 7111 7 111-1 A 7112 5 1111011 71% % 737% 7173715 7101 7177171 71115011, 771 71591 01717115 01=2—717171 57151
501 51717155 910171711 71171 7 9171.

0%/~1°11>

E 191 71171751 71741 ‘I:1‘?1:_E% 7I€L7771E’1,1":+ ‘iféfl 1.15711 7971191 ‘Q £71 @7154 7111 911% °1E11 71711? 7701?:

731 $7?‘ °“‘°“ 12°1°5 X11EX1' ' MOSE§H7<¢E(2) ?<1lE7.‘l333’—1*‘E

7391 7112 57173(n71) MOS 5.7171¢71(3)717%71H101, 715711 ‘/171(1)»5 171715 3171. 7171 7151(11) 71011 7.17171 71
71(21)011—:—, 7111 7;:(22)01 71717131, o1 7111 ~:7(22)111011 127,1 MOS 57117157/1(2>91 711015 71%(31)0 717.171 .
717171 7§‘.*1‘71(21)°11-if 7112 :,7<23)o1 7.171715, 01 7112 5<23)111011 n71 MOS 57171571 (31% 7110 5 71%<32)01 71 1%

/2171 711 5921110115, 71015 712-1:'11(24) /21011, 7111 57171 MOS 5717157191 7111 711015 71% 71575125171, 7112 5
7171 M08 517157191 7112 711015 71% 7115%(27)71, 71% %7:—%(29>01 71717101, 711015 71%(31)—% 171715 2111.

7,171 711 71:15 71:7 21157425) 74 7112 711015 71% 7115712715 71% %%’77;~<29)011 9171 7111 73122) 1101171 71%-E101
3171.

@171 7112 7:123) 11101115, 711015 “é°,“1‘11(24) /2101], 71% E7173 MOS E71_17<1¢E1 9] 7112 711915 73%‘ 7115'n%(27)3’1, 711:3 T3‘
7%‘-%-(29101 51315101, 711015 7fl"§*(32)% ‘"r”‘é713’— 91151. 4171 712 71°15 7,1731" 711§~5B7(27)% 751%" 71:“?-’$7(29)°11 91 ‘H 71 2
§(23)111°117‘1 $517301 91131.

/2171 7111 711015 71% 7115%(25)~E—, 011% 5171, 7.1%(Ta), 71E‘fi‘(Hf), E151(Ti), ‘%1¢711(W), %7—7111‘7(Ru), %% 01% %91

517 5715771 7151515 717,155 717171 1 9111. 72171 7112 711015 11% 7115%<271%,n7;1 MOS 5e171¢7191 711015
71% 7115571 °1%E1E 51% 7159151, 71-5 571, E171(Ti), 7151a‘r(Hf), 7151(Ta), 51::71(W), %71117_r(Ru), %% 1% 71
-7125 7:17.175 7 3171. 7171 71 %17.~%«<29)~,%, 0115 5:71, 71¢711(W), 715<Ta), 7171(Ti), 75 1591 71%, 55 015
77% 27- 0171257171 71717101 117175 7177155 737351 7 2171.

p71 MOS 52171571 91710117191 7171 711015 71%(31)91 °1%0117191 7171 7171-(11)<>115 71721 °391(41>°1 71713101 9171.

117:1 Mos 571717.71 91710117191 /2171 711015 7d%(32>91 °1%°1171$1 /171 7171(11)011—‘:~ 7171 °171(42)01 73717101

9171. p71 MOS 57171571 91910117191 /2171 711015 71%(31)91 °1%0117191 /2171 717&(11)0115 7171 °1°71(41)571
5 ,717117.5.5a11<L1 03 %<43)01 73717101 1171. 571, 7171 °1°I1<41)-E‘ ./:5-5711051 °3%(43)5715 711015 71%(31> %9

5 <2-171715% 7.1713101 9171. n73 MOS 5717157101171 /2171 711015 71%(32)91 °.1%01171-91 /2171 71Ie1(11)o115 71

71 0,1<21(42):1.715 717115:-571173 °z191(44)01 71717101 2171. 57:1, 7171 7 91(42)»e— 5::-57111 °c191(44)y_1:15 71101

_7._



NVIDIA Corp. 
Exhibit 1002 

Page 254

%711%%1 10-20013-0129959

E 1d"§‘(32) %.°_i ‘€'1:“c1‘5’1E% €%1’§1fl°1 91131. ’2171 i3:'E1511?l °§‘i1(43, 44) EE‘1:011~‘E €431/‘1°1E‘11(45, 46)°1 ?"3*391

°1. Z-11>-E11111 °c1°-’1(43, 441% 7<17~1??1fl31i 511131. °1 f——_1E1/~1°15“%‘(45, 46)% 7111, °4311E*1, 51‘%_1E ’.J,111*1'°1EE 73%
"é51°1 9151*.

1171 1115111 7e17‘<1<1)011*1%, p03 MOS E<1_111.éE1(2)01 711015 11%(31>01 83131: 1111 %(22)011*1, 11% %é.*~?2%(29)011

91211111 x111 71101.: 11% z11i%(25) 1;‘ 7112 7110115. 11% x11E%(27)01 fi1%1=11,n03 MOS E1J11éE1(3)01 31015 11%
(32)01 $1/11511: 2112 lé?(23)011/\1—E, 11% %%%-(29)011 91611/11 2112 711015 11% 713%-(27)01 E1%5101 91%. 13133,

11% %%%(29)% 71111 %(22) ‘:3 1112 —?3—‘(23)011 ‘r:171E% %‘1:111§‘1=°.: 1111011, 1113011 1r.§E1% %~%% 11% %%%-(29) E 711
0115. 13.03‘11<24)0171 11135011, 111% 111 01 11113 6171 01?/1% 1%: 9101 3111. 11% %é:—%(29)11121 031-1% 1111 121
(22) 11111 31 1112 %(23)111-1011 11% %%-%(29)vE;~ 6313 612:1, 1111101 <3_111711% 01311 311313.511 01111 713% 0101 61
711 813. 3111.

111E111, 1 1111301 03. 11.11 75311191 1115211 11i1(1)7111-111131 114% 11 0 1 71~‘s~;1 %*3—% 11
.1 2171 1111-51011, 1111/1301 1% 711015 11171 030111, _17=;w1a:1—:1 131301 0

19113 01111 11.12311 7212101 7111 131301 04. 1311 15312101 7111 <=11—:;-, 5 2a 11111.‘: 211011 51111 31}. %>3 111211;E%% 11%

6101 01311 7171111 1101t1. E11, 711111111011 633%. 1111114 0301,1403 E%E11¢T=1%91 ii-2 11 030-1, 311111 03% %

91 5711}; 111313101 g1v1. 013101 111-‘?-A1*6;,1~::4 E 3a 1171 5 311% -1116101 131111.

.%i~:w‘°1 5345175 R111 1."?(22)% §’21?3’13’—. 71112 EXd“‘.§(°131n‘3.§9.E/‘1 71111111) MOS E%11X1éE191 711012 789101

E 1112 %(23)% 33451 $1131. /1171 11115$}(22) X112 %(23)%, %’e}fl 3151113151 71€51 °11"a1 71€(‘=11{E—1_-‘ %E"1;, E31

1 '1 1 91511 3§"3?}1?1. £311, @171 “é?'1:‘11(21)%, 41% E6, 411% f=_‘1‘»1%J*‘?1.‘1i 5§*‘§‘I‘_11?1~. E1}, “$71 K11 3921, 71112
/\ 23 , 3-l 71¥l(ll)°11§"é51T‘:-‘_E_i31‘/‘1fiE191 $71721 °E1@1,Zti‘—'E€11‘fl °é'1§91f‘§"é°11?11?>'11*1*E E 321 11111.‘? 3h% 731-7t01

%_’r~’=.:-T3151.

10
1.2%, 1371 7111 1212213 11115: =11 /2171 2112 —§(23)-01 111111021 111161»: 1171 13ei1%1<21)/3011 711015 11<a111<24)=.<;~ 03

101. 01 71101: 110101(24>~3—, 31% 2111., 11:1 13.316102), 13301 1151 t—1a1—E(sioN). 731% §1_1Ia1'131% 81E~3*3E1~711

(HfSiON), 11i161:I.1a—(H£o2), 1131 0_1%«U11~(A12o3) 13-01 71.1% 03*31'.% 0171 3111: 017111, 71101.? 1.3.:-1:113», 011%

15.14.51 11:1 1311111219.: 1313611, :1 % —‘T‘—1711.%., 011% F511;, 2 nmi 111%.

:){u

1
«I1

11
13
1r

min.2
1111

3211, 75171 21°15 1432-1931(24) 31111011 1171 7111 MOS 22411115101 7111 7101?. 11% 711E‘%(:25)% 11313 11%. 12171
7111 71°15 11% 711§1%(25)%, 011%: -3,, F£r‘i;1(Ta). ’5?1E1?(Hf), 1f«‘.r‘?:(Ta), E11:1}(Ti), E3¢111(W), %«E111a‘r(Ru), %~% 01%
%01 %# %%i111':1 1311515 $1112.11 0131311 1 3101. 017111 11111311, 2111 711015 11% x11§.%(251% —%E1113<Ru)2

E 3§*j §1,11, :1. ‘31’ -‘?—7711*‘.:, 10 nm~4O nm°11 *3‘/‘é §HJ71~.

:1 -11, 11111 1171 X111 %(22) 1112 :{;.£<23)01 111—‘1—<>11111. 01¢EL%(26) ' 11121. 01 ”1fiEL%(26)%, 011% €12-1:, 1111 3.34

(22) 21 2112 %(23)% v111%181E%, 13711 11101 31111 15112; 031311 A ~ CMP) %% °115‘1"—11(etchback) %01

C1%2&, E 2b011 £1111 11101 1101, p83 MOS §.1111.éE101 711 01.15.71 *c‘3*3E1% 1111 13122) 11111-01 111¢3L%=(26)% 1371
.1, 11% Mos _1:e111¢E1-01 71101571 031335 7112 %(23) 11111011 313 E1 are 1=1éEL%(26)% 71 11151. 21.11, 5 2b
1111 E 210111 7111(11)—‘11:—% E111; 41%1‘.:1t1.

V1%£§, E 20°11 EJ~1?I>} 15191 £01, 4171 “1¢EL%(26)~% °115é1 "1¢ii’-2'11 °1%?‘51°1, 91‘9‘1(011‘—§- ‘EL; ”’s_1)°11 911311 “SE1
3119.3 1111 7110153; 75151‘ 211$-L%(25)% 011’"éJ‘?=& . 0 @311 71111 %(22) 11131011 W1éEL%(26>°1 311375101 °,3_l"E 1111 711 °1E

76151 X11E%(25)91 1'1--E°1 ‘E1717§1‘31. °1 73%, ‘E17111 111 71°15 79.51 711.1-%(25)°1 $171 2111 «$022191 ‘/1H‘—‘?‘liF1E X111
~§(22) 1113?‘? 1 ° EE 0115é1—'dF1.

1:1~.%g§, E 23011 E71111 11101 1101, 1171 111~:3%(26)(E11-1; 2c 11% 711711111. 01 x1171011—E 1171 %1111% 01% -
RIE1. 01 7311,1111 %(22) 1110115 1111 711015 13% 111E%(25)01 2111~‘%(22)91 711%l‘i—£t1_‘-E 1111 %(22)111l?-%01 '
1, 7112 %(23) 11131011-E 7110115. 1;10&111(24)01 k.%131.E1.
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%.o.§, E .2601] 521?} 11191 7101, 12171 7111 EH22) 111011 12171 7110110. 7:-1<a01<24> ‘E 0171 7111 711013? 11% 711E%(25>
’a1°11,‘%l @171 X112 ~§(23) 111011 @171 711013: ?§1@‘11(24) @1011, Z12 711015 €15? Z11E%(27)~% 5%/211271131. 01 1112 711015 1191

711§%(27)~E~, 1101 Mos ::1:<1¢E1 01 71012 71% z1.a:71 01-221»: %% 7130101, 01:: 052, E1‘%(Ti),31E%r(Hf),

1501,-‘%(Ta), Eéaww). %-t11-1:r(1<u), %% 175% i1%2_1 031.3111 01- 9101. 017111 7112 711013 75% 71_%?‘;~(27>%, 011% %

21,, s1—.v:1a—2 0102-7101, o1~:« %*?1:, 10 nm~40 “H11 01 -$711: 0171 1101.

a, E 21011 E71211 B191 z;o1, 79171 7111 :.:.€(22) ‘,1; 7112 %(23)% 111%‘—§~ 01116122 u1::EL%-(28)7%, 011% €93, 711
01% 1171113011 121110101 0.1410_1t1.

U 2g°11—‘E/111:1 H191 7a’°1, fl“1(0117?:% F-511, CMP) 3% °11i1‘fl1 %fl 7‘<1fl°11 91?‘511*1,’f—Z_1°L1“%1(2l)’a}91 °c1°1?l "1fifl

8)“ 11171’51°1, E154 2111 §(22) El 3112 %(23)91 11111111 E11 @171 ”1¢i%(28)7% ‘1’:1Z_1‘:1-

u1%.0_§, E 211011 5710171 B191 1301, $171 “15EEi%(28)% 011721 01fi:1iv‘=*1 °1%%101, °1°%“<011% ~32-1:, %*1)011 9101 5%
3133 7112 711011: 41% 7113%(27)% 011710.101. 01 E71, 7111 %(22) 11111011 w1::3.%(28)011 91011 §1%E101 91% -‘-"1—~5’:91

"F112711‘01"“":z1%‘“211fi%~?‘”<27>21 x12 2‘<7) 111-1-1T<>11' u1¢a%<2s>011 0131 :1-0.-5101 210: —1—1:a ‘£12 71101: 71% 210%
(27101 0171710. 01 7110, 117171 712 71°12 71% 210%-<27>o1 7171 711 $2212-1 712 seam 71 71170202 111

7.572%, E 21011 501111 11101 £101, 1171 11 »*.Ei%(28)(E“.'1; 2h 09: 71 0101. 01 711710110: 1171 020112 01%? 1- 91

H: 01 4010,7111 %(22)111011~:: 7111 7101i 711% 711E%~<25) 5-1 7112 711015 71% 711E%(27)01 7111 %(22)21 711—?l"1~EE1E
7111 %(22) r11%%011 0511-011, 7112 ~?*;i(23) L11%011~t« 7112 7110112. 71% 711§i%—(27)01 7112 %(23)% 711%11—iD1E 7112 %
(23)111%~%011 010131.101.

%£i, 5 21°11 E70111 11191 7E1°1, @171 1111 3022), R112 %(23)—°/1 1111?-4% "11%31E% 1171 %é_°.'1:‘-“1(21) @191 @171 711 °1E
Z‘=i1E"1:‘11(24) *o1°11 111% 'ia‘%%(29)-.3: *5‘ ‘11?Z’l‘U1. °1 751%‘ x—':‘%‘%~(29)-.%, 011% E715, E§¢E1_1(W), E_1‘%(Ta), E1‘%(Ti), 5.1% :1

%'‘I‘=1%‘,EEE °1r‘%: %91 2% °1’51£i—‘?—E1 %‘i9-11517”: “—‘1%‘%£§ §1"3"%1 ‘F 91131. C1714 °.%1_‘v'11E*‘1,Eé<':E.1_1(\’V)% °1%‘§l1
if01. :1 £71, /2171 7111 :,i0(22)111011A1 0171 7111 7110110. 76151 71§£%—<25) 3-1 1171 7112 711015 71% 711%%(27)% /2171 _

%%%(29).°_i fi1%011, 12171 7112 3:9(23) 111011711 12171 7112 7110113. 71% 71E%(27)~% 12171 71% %—i=%(29)2.i s71%7::1
E1.

1‘/1—°—£i, E 21:01 E/~12} 11191 151°], @111 71 ’7.E~(°11.%‘§‘; E6, CMP)°11 91311/~1 “$71 7351‘ '?:"—.‘“~’"2‘r(29)% @131 Z11715‘1°1, 11:1‘/<1
@171 P111 7:422) ‘Q 2112 592319 111541113} $131‘ T3‘4%%(29)-Sr ‘a"7J131. 0191 713,01 5101, 71111 %(22)91 ‘11—‘?~°11, 71015 749'‘:
EH24) 11011 7111 711015 73% 711E%~(25), 7112 711015 721% 711i%<27), 211 11% %%%(29>9.i 01%0171E 1201 M03 E

1171 515191 711015 75i%(31)01 121113-11,7112 0S(23)91 \11%°11, 711011? 7a«a:%<24> /1011 7112 71101E 71% 711.%%<27) 5'1
11% %%%~<29)_0_: <=1%01z1% n03 MOS 52117 ¢E 91 711015 %1%(32)01 0311512101.

73171 x132 01110117115, 70171 u1.»:a%(26, 281% 01171 01:;%_§71 0108-8101 7111 7110133. 71% 7113%<25) 1;: 7112 711015 71
% 711::%<27)01 01171011, %’:l1, 2 %¢ §11‘:1=‘:':~:3r. 01171 §10—1%711E7\1 01%0101 $011011 4 21:1. 5261 0101108-711% A1
271% 01171 11141011. 519101 01171011 %011 012.1 12%. 13101. 01 71%, %¢711 0117.1 71é% 01-8421 —’F 9101.

E11, 12171 71% %%%(29)91 71%%, (MP 111011011.-EE101 01173011 71.75101 7517111211011 01171111011 91611 016% 7,15 71—:-%
E1. 01 751%,%¢7-11 011711 71¢% 01—‘3-2-1 % 9101.

/2171 11112711 71712 1a 01111011115 7111 E7$§<p0‘3) MOS 5111715491 71101571 %1*3§1E 7111%<22)011 21% ~%%%

(291011 0101111 7111 >1101E 711% 711s%%(25) B1 7112 711015 11% 711i%<27>~§— I1%011, 7112 E1101 MOS Ea1_171tE1—°1 711

0157101033»: 7112 5%(23)011 7.1% %%%(29)011 9101111 7112 711015 11% 711i%(27)% :1‘1%01t1.:a1E%, 21% %»~%—
(29)% 7111 —E(22) 13% 7112 %(23)011 ‘F171lE% 9101§1% 011011, £1?1:011 L:%E1—:- %-£7-3 751% %%~%(29) 3-1 711015 749119‘
(24101 $1.11. 1010111. @1101 -*1~01€.— 131116171 01 @101. I31, 71% %%%(29)0_101 91:01: 2111 >é%(22)111%~ 31 7112 %(23)

11111011 11% %-’%%(29)% 01133133 $1191 ‘E01><11% 01%31°1 27172221 91:01 7172101 0810101711 ‘€73-1181:}.

213133, Z=_1“1H 1”-41% 7<17:1 3.1% ‘1o17~1?'31‘?1:*1 ?'1:"1‘c'?1% 7;1°1 71%?"511?<11,4‘lfl*é°1 §'£-—8- 711 °1E ’r":% @% -“F 3171 1111

E7011, $523; "‘§’2}/\17‘=_1 ? 213, E%11?<1£E1 41%-91 '5£H}% E11113 -’F 31151.
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03 MOS E%E7‘1¢|’>‘191 ¢7_«.,:,,a11?l 0301,n0a MOS :‘?1171:E191 id:-57110.1

°§‘%* %91 €§*§ ”o“§~91 %1E11% 3; 321 111113 3h°11E*1$_1 X11}. ’é‘Er‘?4_E°1l91?‘511*1’§“3‘§lF1-.

E 38°11 31:-"1§l’ H191" €”°1, 511} *EE1v°3| %"‘§ 71%% °]‘§‘5}°1, 41% %‘E‘3, STl(Sha11ow Trench Isolation) 71"E% °1%31'

o1,71ngr(11).01 E91: ‘ii 9101, pMOS E'\*fl7<1¢E191 0341 03°£101~nMos E€H>‘1£E191 0303 01191-% 11$ —.‘ira101%-. ¢71—Efl
°§@1(12)% 0,103 0&1.

‘ihiriiy E 3b°11 E/‘F11 B191 7:?°1, ’&71 71~Y‘lr(1l) E93011 711°1.“~i 7.%‘E‘11(13)% “‘€l*‘é 5113}. °1 711013: €°d‘%*(13)%, 011%

%‘E1,§£E:1 $3} 713% °1%31°=1,<‘l§1 “E35-‘€133. 5 nm91 F:-77113 ">3/‘é§l. ‘F R151. ‘?1%£Li, 71] 01E “é*¥":‘11(13)’e}°1]
C1”1(dummy) 711°1E—E ‘%‘*é3171 -‘?1%J, 011%} 3.1413, %1‘4’%—_1E1~i'~‘31% "§‘1151'-"1,EE§* 14$} §1'fl%;“11.'3; “‘.§*§6&1’/1.%71 %fi

/.‘—J.E1—i’7‘11=°: 100 nm91 Fr771lE/2171 €51 T213-f"‘% 50 nm91 3T‘*’?11§. "‘é"a‘?'JE‘r. 1 5?, ~‘Z“%~‘4 ?4iLL?11T4 71% E4 RIE 71
3% °1%*31°1/2171 7.4.331 ’é?»'1~i“11 E]: % /£1745-‘3r% 3111i-ifl5’1"1 E1111 711°1E(14, 15)% ’5‘21"§ 5331.

23,12 3c011 13711711 11191 1.101, 1% F521;, p03 MOS 1E_%fl71¢1-:1 °s‘°=1%, 011% 35711:, a1171¢§§ 01¢as11, 01% %'=

1&3: 01 %~31—0=1, n03 MOS 52171501 010101111 21 /2171 E101 711°1E(15)91 °o1%—91 22171 71I11(11)011 E171 °3%‘(42)%
111:1. : i, 72171 01¢a% 7117103 3?, n03 MOS :2.w71¢E1 01 01%, 011% 0:713, 3171.45; 01¢?-'11, 01%. %‘»%1 71

01%6101, 1301 M08 E?:E7‘1»’5E1 °3‘11011*191 121711101 71101E<14)91 °J-3-01 @171 710&(11)011 717$ °§‘£1(41>% 0.103
—. :1 1'1, 01¢3—§ 7117171101. /2171 01721 03 °—1(41, 421% 01: %% “J71 034161015 351.

F35W1)‘0%113$1 IL[11100?.\11110
u1—,%2§_ 1; 3:101 E/‘WI 11191 £01, 011% ~‘—:4:1, 1:03 MOS _En1Hx1::E1 03 01%, 011% €53, 71715:: u1¢a611, 01%
$01 713% 0148-0101, mi?! 1103 :w1¢E1 03010110191 /2171 1:101 71101.E.(15)01 ° 5.01 /2171 715&(11)°11 #171 321721 ‘€91
(42)3L1?‘rE @1711 ¢¢-E71101 °51fi(44)v°E— 03*é=‘i_1E1. P311, iti-E71111 ‘:1 @1(44>%, 01751 °3‘11(42)01 é::~Ea110_1 °s;“fi(44)

11015 B101 7110113415) 73.03 0-1:7a181E% @111 0.101. 2 i, @171 015.7% 7117171 0'70, n03 MOS :fl71¢E1 0&1 91%, 011%:

%R'1;, a11X1::5§, u1¢a311, 01% $11 71%:% 01036101, 13% M08 E~“&l7<13:E1 ‘>5 @1011*1$4 @171 E101 71101E(14)91 %1‘-%
21 4171 71¥1(11)o11 4171 @1721 %%(41)arflr:=_ @711 ¢¢-2 12:1 °é°%‘(43)% 021*§‘0&E1. *2:-E81101 °3‘%1(43)%,

101 0:1 ‘M41101 é:.*.w.'=—a11‘fl Cs‘ 01(43>11E1E E101 71101E(14)%-2: 03_7e181E% @011 0301. :L $, "1é.a§- 7117121101. 72171
_+A.7:-571111 °3<l1(43, 441% 01: %% 1371 030361015 E01.

%.°_i. /2171 ¢¢~E»1 <21 °3 Q (43, 44) 3115011 %=la1*101E.0—1(45, 46)—§~ @011 01:1. 01 §.a1*101EE1(45, 46)%, %*c191
¢4.r“1A101E 3:111:01 0171111 0303221 #71211, 0171711, 9421191 @112 §a1A101E3: 030101101.

E11572: ,5 3e°1] 521 is} 11121 401, 4171 c101 711°1E(14, 15)iE1E $0711 Eéi 27123152, /2171 71I£1(11) /21011 ;é.?:‘.I£I_
(21)% f§’§§‘}‘4'. °1 €flq'(21)%. 41% %‘?3,, 5151751 %“74(chemical vapor deposition;CVD) 7]§v§— 01%—t'i}0:1, 9&5} Q
351% 91 300 nm 735% 577/113 53% 7'.‘}‘31-.

L‘1%.°_i, E 3f°11 .‘£J<]§} 131911501, 1% 4:76, CMP 71 :37 °1-%%1°1, @171 7§‘?1:‘1H21) 3"iE’1% *"fi‘?l§]r’5}—T‘—, @171 F131 711
°1E(14, 15) ’}}—‘?794 ?J_§1’§E1—i’=“ % l>:%7\] 7] 71] ‘E151.

r1—%£i 31 3g011 511% 01917401, 15171 7:171 @171 5-7103 03717427 711717:
»8—?:1v1. 5%, E101 71101.E.(14,15)(Era1; 31 7;1z;)~°1 §W4.fli" 2, 011: E23, $80.1 01:: 011>'&(reactive ion

etching;R1E) 71~i:% 01—8~610=1 A1710_1fl—. 01 £71, 7a01:*11(21)011 7111 %(22) ‘:4 7112 %(23)01 0303301.

151. ‘>1 X1171 7H3":‘°:, ?l*.l°11 91?} °115é}% °1B

t1€.—2;, E 311011 E11011 0191 £01, /2171 7111 —:%(22) ‘%l 7112 %:—(23)01 012111011 0éM3&101 511‘: 711013? ?4_‘?‘:‘11(13)(E 3b

717)»; 71171717101. 01 71171 71~%—3— “$01711 0117:<1%—% 01%§1r1. 01 E71, %4_03E1(21)o11 p03 MOS 2:171:51 91 71015.71 03
'51 71? 7111 $22101 n03 MOS :a1171¢E1e1 71101571 0303517: 7112 %(23)01 030391 ‘I101.

V‘r%£§, % E%_‘r“3~‘4 ‘flhiill ’2}5<1~91 ’e}71 $9] fiéfllfl 1112 °11%, E 491 7H‘°=F7i1 $41 ?‘_r?=1Ev§: 7§‘J*§"0’}°1 ’}—:_1%‘?&C1.

1; 40119101 11191 1401. 71134111011-:=, ¢71~E~fl °3‘E1(12)01101%11*1:% 131011: *o1F11i,7111 E7d'0;1<p0é>1v1os 52171

¢E1<5>01 711112710171»: 013730391 7112 E7d=%1(n0‘z1>Mos E%1111¢E1(6)71 03015101. 1115711 %171(1)—§ $41611 <21

01. @171 71:.r1(11) 121011 02103101 7~,=i/<.=1_1?1(21)<>11~:0 7111 %<22)01 0303911, 01 711 —’31(22) 11101 p03 MOS E€17<1éE1(2)91 711
01?. 7d€1(31)01 0é*éfl01 2101. 50.01 72171 75152-1;‘11<21)011~‘s 2112 %<23)01 0303511, 01 7112 $123) 111011 n01 MOS 50171
¢E1(3)01 711015 7d%*(32)01 0;1*éfl01 3101.
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7371 7111 %(22)111=>11%, 71101: 730J.“—1(24) 73711, 7111 57173 MOS 57171771-11 7111 7110117. 71% 711%%(25)71, 7112 E.
71% M08 5717127191 7112 71101.7. 7.3% 711%%(27)71, 73% %%%<29)01 73737101, 7171 7110117. 73%(31)% %73711

2171. 72171 7111 711015 73% 711%%(25)% 7112 711015 71% 711%%<27>011 %711 7111 %(22) 11101171 91%9101 3171.

@171 7112 $123) 1H°11w“r, 71l°L‘—i %l‘?‘i‘17r(24) 4101], 7112 E7133 MOS Ei'&13<1.’.“.E191 7112 71] 01E 7&5.‘ 7H§’:%-(27)J”1, 7515.‘ E‘
%?%(29)°1 ?‘%3”3fl°1, 711°1E 3i5f(32)% fi"‘é313’— 91111.

7171 7111 71101: 71% 711%.%(25>%, 711% %7-1, %%<Ta), 71%13<H1), E1%(Ti), %¢111(w),%E11%<Ru),%% 01% %91

%% %%:%E1 91% 7113792 %73 7% 4 3171. 7371 7112 7110117. 71% 711.%%<27>%, n73 MOS %1171¢1:1% 7110119.

73% 717%/71 01~8—E1% %% 711710171, 711% %d, 1-1%(T1), 31:‘E1%(Hf), 7_1%<Ta), 737211011), %—E11%(Ru), J%91
‘%%2% 7‘373% 4 3171. ’371 71% %%%—(29)%, 711% %%, E3¢711(W), %1%1(Ta), E1%1(Ti), %-3 :1%91 11%, EE% 01
% %91 2% 01712.13?-E1 7d%71% 7-1%71.0.% 71737-:1 17 3171.

2-271173 MOS 57171771 039101171 7371 711012 7d%(31)91 °3%91 7171 7171(11>o11% 9171 03%(41)01 73739101 9171.
5271, n73 MOS Ea1171¢E1 °391<>1171~% 7171 7110115. 71%(32>91 °3%91 7171 71%-<11)011% -79171 °3%(42)01 73735101 93

121.1273 Mos %%71.7:E1 939101171 72171 7110137. 7d%(31)91 °3%91 7171 71%(11)011% 7171 °391<41)11.711=. 31711 7.
2271101 03 %<43)01 73737101 31121. $71. 9171 03 91(41)% ¢¢-E71103 °3%(43)%t11=. 711011-: 73%(31)%9.; 017171

5% 73737101 2171. EE71n73 MOS E7171¢E1 °3 %0117191 7371 7110117. 7d%(32>91 °1%~°1 7171 71%(11)=>11% 71721 93 %
(42):-1:11; 2.171 :‘.:z:-E31101 cg %(44)o1 73731101 g1:1.3e71, 9171 93‘-7—1(42)% 5,7,-571101 03%(44)at1E 71101: 73%

(32)-%£:7. *2-‘17e1E11E% 73739101 3171. 7171 ¢¢-E71101 0391(43, 44> %%<11% %917101:=.%(45, 46)01 %73%01, 47¢-

511% 0391(43, 44)% 71717371713. 9171. 01 %~'17101E‘%<45, 461%, %a11%71 5.11.7. %E17101F.% 73735101 9171.

72171 71711% 715711 7e171(4)o1171%, p73 MOS E71J7<1¢E1(2)91 711°1E 7.<1%(31)01 5.373171% 7111 %(22)01171, 7112 711015
71% 711.%%(27)°11 9171171 7111 711015 7.1% 711.%%(25)01 71%%t1. .71-113%, 71% %%%(29)% 2111 %(22> all 7112 %

(23)<>11 1,1715% %»:1711% 711011, 1175011 :%1?1% %%%— 71% %%%(29o, 7112 711011: 71% 711%%<27), 21 71101: 71%
'71(24)01 7371. 01917101, 23711 71%:-1715 9171 71011 %%011 ::%71% %%%91 %% ¢7171%E1P.i, %111% 117101 131

7.17171 0191-3; 7%: 71012171. SE73, 71% %%%(29) ‘;-2 7112 7110119. 71% 711%%(27)91 71-1.71% 7111 %(22)111% 3% 712

%(2s) 11111011 73% %%%(29)% 7373 71% 7301 71‘—a=71 11.770171 H11%011, %—111S1 %71711% 01%~7:~1 3.731126 0111 71%
% %0171711 711 3171.

11113171, % EQESL91 11.1.1171] ’3771(4)%3, Z=lr“1‘% $4173.? 717% ~33 “J71 01%/71 9,9171%. 31°} 71%? ? :% %<‘.’fl $1171 141%‘:
01], ’d%1"3°1 115% 71°11? -T*ZE71‘§°171.T'., E?&17<1éE1 *‘3%91 ’#~% E353 4: ‘R151.71

71%.0.s:, %— 117391 112711 717191 711% 11% 7371 1171 73719 7112 711%, E 53 11171 1:. 5c°11 271% 71% 371 11111:.
%% 7177171 5717171.

1; 521711 P171751 7191 7101, 7371 7111 01191 7171717137101, 0171-01 ;%%711¢% 73 %71. %, 717a1(11)71011 737373 730371
(21>o11, 2111 5717317171 p732%71 71711711) MOS E7171¢E191 71101E 7d%01 7373713 7111%<22)% 7373711, 7112 E
7d73(0171n%2%71 7171171) MOS E7171¢131—°3 71101E 7d%01 7373I1% 7112 %(23)% 7173 7171. 73171 7111%<22) 3-1 711

2 %(23>~&-, %7391 %.7.:La1171 71%7101173 71%<711% % E7101 01173)011 %711 73737171. 7171 7303_71(21>%, 711
% %r.=1_, 7171 7.171%%2% 73737191.

71-%9.-7., 7371 7111 %(22)91 111:-1 1% 7371 7112 %(23)% 111%% %7171% 7171 7303‘%(21) 7.1011 7171: 73%71(24)% 73
73 7371. 91 71101:: 7303%(24)%, 711% %71, 7171 7171 %(si02), 71717171 ”%1?1~E’—(SiON), 71.75% .%7.171% 71%1a%1=1 711

01E(H[SiON), 7_17171%.%(H1o2), 7171 ‘%%'—U1%(A1203) %91 717:7. 7373 71 #71 72171: 017171 7110117. 73<371(24)%,

711% %3, %71 7171 %-%%912% 7373711, :1 71 %711% 2 nmélfé. 7171.

112%., 7111 %(22)91 11173011 7171 711015 730:1_*~'1(24)71011 7371 711 57173 M08 1211715391 7111 7101.7. 73% 711%.
%(25>% 7373711714. 01 7319, 7111 711015 73% 711%%(25)% 7111 %(22)91 711%—‘1%71E 111—‘1—%011 73739171. 7371 7111 711
011% 71% 711i=‘.%(25>%, 711% %%1, %%<Ta), 712:-%(H1). %%r(Ta>, E3:‘.~Efl(VV), %711%(Ru), %% 01% %91 %—’F %%
%%E1 717-1.51% %1%.0.:%. 7’373% -1 91%. 017171»: %e11:~7.71,7111 711015. 71% 711.7'.%<25)% %711%(Ru)%2% 737371
AL, 1 ‘11 Er7f1]1—‘:- 10 nm~4O nm°1] 7272‘, §l1E1.
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0199.3, 12171 x11 %(22) 111011 13171 71101.1: %1°L1“1(24> 1%; 12171 x111 711015 11% 211.%%(25) /51011, :11 /2171 2113 $231111
011 15171 711012 210-1:121(24) @1011, x112 211015 21% x11L1%(27)% 113111 131101. 01 1112 71101: 11% 211§.%(27)~::-, n1‘»;1 MOS E

2111158191 71015. 11% 21391 010151»: %% x11E011=11, 011% $411, E1E_1(T1), 51'E‘Er(Hf), E1‘%(Ta), 1%1¢1<w>, $111
*1(Ru), %—::~ :%-‘4 11131.2; 1’%*é%1 4? 511%. 0=171*1~:~, o11.~§—%1,=1,e11sr.1a~% 010316101, 10 nm~40 nm91 111 “'=r7i11E 113231

any o1 2131, 23,171 x111 %(22)111011x1,/2171 x111 211015 41% X111”-a'L%(25>% X1011; 2171 X112 71 01.1%. 21% 211E%—(27)011 01
1111 11'1%E101 3111.

‘31~%5L?., 5 5b°11 E*1?’& 11191 ¥a1°1, $171 1111 %(22) E12 1112 53-1(23)~91 1111"%% 111111
(21) @1011 $171 7110115. %j‘%‘1:“%’(24), 1112 711°1E 735.‘ 7<11E—L%(27) %91 31°11 £51‘

(29)%—, 011% %‘?'1;. “é5:1afl(W), ‘f:‘r‘:%(Ta), 131‘?:1(Ti), 451% :l:’3;91 ‘STZL, BEE °1§
Bi 3§*§‘’é1 5? ‘3l51.°‘171"1*‘”-: ‘?:1_€11i’~1.‘%§.fiE11(W)% °1%§RE1.

D1%.<>__:, 1; 5c011 E11111 11191 £101, °s1.U171€(011% 1;.-131, CMP)°11 s4a11»11 12,171 11% %%%(29)% 91111211‘/-]810=1, 5,171

7111 1;1(22) 5% X112 %(23)91 1111011111 %1% %%%(29)—% 1171 E1. 01912101 6101, x111%(22)91 11111-011, 711015 110111
(24) 11011 1111 7110112. z1% 211§%<25), 2112 711015 11% x11;%%(27), 1;‘ 71% %%%-(291.03 01%=01X1% pfié MOS E11

7<1¢E1~°4 711015 7d%(31>01 1111,1311, 12 43423101 11111011, 711015 %101111<24> 11011 x112 71101.1: x1% 2113%<27), 21%
%%%—<29).<L%: 01%°1X1~E n03 MOS 5112155101 1015 x1%<32>01 11111512101.

4,171 1315211 4}-2121 z11& 12,1111 011/115, 2111 E1»: 2111 %(22)0111, 2112 71101
E 31% :<11%%—(27)011 P111111 2111 711015 11% 21:=z%(25)% 11‘1%§1t1. 13123, 11% 731% 121.91% x111~E(22) 1;‘ 2112 %

<23)o11 1171 5% 01u1§1l€.: 1111011, E91011 ::%E1% %1;—-% 6% %%%(29), x12 711015 751% 211.11-’;%<27), 1;-1 711015 14.01%

(24101 €1_1*1.111E1*1, é1111% -”r%€— %?11 71 ’%E1i131~E 111116171 0111711 »:»1;v1». E13, 11% %%~%(29) 111 x12 71101.1: 751% 211
.a%—(27>01 ‘fl“1?—_ z111%(22)1111?~ ,1 2112 ~“§(23> 11111011 >s1% %%%—(29) 1;: x112 71101: 21% z1:%(27>a« @1161»: 71

01 71%1‘s171 “115'.‘°11, %—a1121 0'1111:<11% 01116101 1721131511 051.111 711101 %0181711 *1?-:-1;F1t1. E61, 0:101 A101 hé -E %

%7H 21-112171 1: °1><1E%, 2112 711015 2.1% z111%%<27)a*1 11% %%-~‘:=(29>~§:0 *.1F1%1P.iJ>1, @1111 1fi~*+% X111 %
1112161—— 2101 0121113 % 1111.

9 111112 21111 01:61 an 1as11~=;—.04 111-11181211 2111:2101 1: 01h1'1. 11 1111110 11015 2:119 3111121011 0 ~
015-131, 1913i j§‘1L%‘°r1-91 ‘§$191 %701 111011 4.‘-31% @111.

131% 13 Zi°1 71%? -?*§%

111101 1115211 112191 111 *1 71%% 1117<11‘11?1:*1 ?1:111%B1—:- 7&0

E, /HE141 01 :‘—:;=—e~ 71101 1 ‘ 1 ' ‘F 11.1, E61 1%_{11><1¢E1 *3
‘.5E;1,%1111A11::%_ ‘

11171 E 3h‘€ 2111 —§(trench), 2112 241% MOS E117<1¢E1fl Zcé-E31191 °§°£1,n?'% 1\/[OS E1“&X1::E1sq
%91 33“ 1111191 %1€11% 1/11311111 x11& 421% E1E1£%°1F1.
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E 45 E: ‘@1591 113211 7e17‘<1—°1 ‘Q Q11 331911-°~1 X112 41% b1E1LJ_1 711E131 71% E12-1;E°1E1.

E 5a 11111 E 50% -33 ‘#51 °11/11 111511 72171191 X11& ‘$111191 ‘Q 45%] 333121 2112 011% »1E1‘31_ X1101. €73 E1ta_E%°1E1.

5 6a 11111 E 6i% %‘«a11 71-2011 *1 1112211 755191 2115. 111111 91 %1e11§: UrE1k11 11153 €43 ErDdE%°1t1.

<~*r&EE1:1'?—§*3,‘§>

1: 1311.311 72*/‘<1

212111 E%i63(p*-3) MOS 521*/<1:E1

3: 2112 1E7fi"‘3(n%) MOS E%11_7<1¢E1

21: 7§.9i‘11

22: an 2

23: 2112 E

24: 7110115. '¢9;<d‘?1

25: 2111 711015 11% ><11§>1%~

27: 2112 7110115. 73% z11§%—

29: 31%‘ %—’a‘%

E‘?3
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(57) Abstract:

PURPOSE: A dual metal gate CMOS devices and

method for making the same are provided to achieve

an efficient, reliable dual metal gate CMOS device.
CONSTITUTIONZ A method of fabricating a dual

metal gate CMOS includes preparing a silicon

substrate(10) to form device areas wherein each

device area includes an n—we|l(14) and a p—wel|(16),

forming a gate oxide in a gate region and depositing

a p|ace—ho|der gate in each of the n-well and p—
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drain region in each of the n-well and p-well,

removing the place-holder gate and gate oxide, depositing a high—k dielectric in the gate region,
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%%§31 10—O529202

(19)t11%E1%~‘:161 7§(KR)

(12) %%~‘%.’—61~ELa(B1)

(51) ., Int. C17 (45) %L1<a7<1 2o05».=_111%179J_
Ho1L 27/092 (11) %%E'i3E‘_ 10-0529202

<24) %—%°gx1 2o05va11%1o<.4_

(21) %-‘flfli 10-2002-0016175 (65) '§‘7H‘$ii 10-2002-0075732

(22) %="LJ.‘3—-l7<} 2OO2‘E1_03%25‘.4. (48) %L7H‘§7<} 2OO2kilO%3:O5°é

(30) “C|"‘}1‘ifl‘1r‘7J’ O9/817,834 2OO1ki1_O3%27‘?4_ “13(US)

(73) 5731374 /“FE 711‘?/~17171°1*1I
%1.% _'-‘M1771-?— 9J~}771*1 °1B11L:1F 11710177115 22% 221

(72) ‘£13311 U1°&%:—

U]%98683$J’§ Ed-’.EH£%'—u1x1—‘.°—.»:o1 ¢§24a1_71211 01 18311

fiififl

u1=‘+9850721*J I-d?‘r711u1~¢::.»&211¢:2411171'><1E2526

°11111¢t11°1H1EE1*§

U1%970o79.a11 E31411 B1 E/\1'?«:>i%°41éE179tfl7}%i£11°1i:7574

#111 E21

U1 %986o7$1’z1*a%711v1_1_$11¢E:§:3_:2216

(74) P119191 %?‘51‘i1‘L1:T'_fl°1‘/1

11431 I

(54) °1%— %‘$ 71°15 CMOS 7M1 3-! : x1134. ‘=J*%.fl

, 11-11 all p—% 717-191 711°1E °3‘11°11711°1E *_1§1%% 6341 1.7 ‘
711015 ,2 711013: 4515-; z1171%1% 21211; 71101: <21 ‘£1o111—k w°r1d~%$4 T°rXd ‘1—':~ .

x1 1 %$% %i17‘51E E1711; n—%1, ‘% p—% Z174-91 7110115. 013011 211 2 a'a‘é.~% %a31% 2171' ~

2% 217113 % ‘ ?—;1°J.%13'— %é.*—§181l:_— 371% 32151172131. #2 1341391 °1%— %é 711015 CMOS -‘:— PMOS é%1><1¢1a1
9 NMOS _E;¢1x1¢E1§ s.:v;1§1v1. NMOS ow, 211°1:=:% .1-1-11 %75i% 511, 14: %Xd=& Z1011 r‘§Ag2:a; 11] 1 ~51? Z1 2-; 111 1
%¢— 21°11 6s1*Jr:r} 211 2 %4-.4 71101523 3£?1€:1t1. PMOS <>11A1, 711015‘: 3.-1; 1C1"5i% Z1 5% 31-1: %7d=?s 21°11 *.i*é?‘a1 211 2
€144» 711°1E—§= E§1§1E1.

:1} E

E
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J£9'1:91 7JE1t’L1~ @113

E. 1 111115 7 % % @1391 “1.3°11 111% °1% 13*? 711015 CMOS 711711-°1 121/131 1&711% L1E1LJ1 E111.

* E11154 %‘—11iHi—<>11 1111 113:2] /34%‘ 1

10: %*11°1fi1 11 :<‘}§1§ °3‘31

12 : CMOS 14 : n—%11

16 2 p—% 18, 20: 7110112. »:1@r%%=

22, 24 : 2121 711015 26, so : $91.5

28, 32 2 511% 36 : *_b1%%

38: "1-k'19r?i%91 2110115. 1"r>ai11 40 : £§a117< fir:

M:fl1%$M:fl2%—

*lal*”§~‘¥1 ’e,U11?§‘_1 été

MOS §11z1¢E1 1,1210 211%. 11111011 471361 £211, HD1 $2112 .<.z::;«: 01% :31 711°1E CMOS 7921 ‘2 1 211%
1101113 =1

°1% 34?‘ 71°15 CMOS 7J5<1l‘1: rlnternational Technology Roadmap for Semiconductorsg 1999 ‘:1 l.‘_1°1] 711 ’\131°1
R1.7‘1'L’, °1 71_13§%€— °131§1 7215‘1‘§ /‘<113‘—31E °1“1§1' ‘E7815 -71"1'3171LJr‘/111°J51’7‘1 9%9J“1. °1% 'T3”é?- 711°1E CMOS 721711
5‘ 311535171 -?*1"i1’ 711§»"1 T1'31‘31 -3% 7171131311 3111 9&5}.

6,1821 CMOS 75121; NMOS 91 PMOS Ev‘éH7‘1£E1 1.=.—“r91 711015 11913: %a1/:J.€1»:+% A1%61U1, 01 73% NMOS E111

X1¢E1°11 r11611*1‘e N+ 1:1-a1»ga~:'—~—.% A1%%1~%: 111121;, PMOS 011 111 ‘11*1~:~ 13+ e1:E1¢4fi-v§=:~ A1%%_1t1. %«=1eE1::J1 171212

$1. 711°1E —€-13 112113 $1611, %-fl¢4,a1~E'»2: %£.<1.% v11%11?1£iM1 5111- A4314? 3141 :—%Z1¢;1 CMOS 72,1215 211%? 7&2
E 71:11:41 RIF}.

1121, 11c 712111 9»: 233% 1121 ‘ — 1, 11131111 712% s1 111311.-4 %°°1o11 :11a~=1 $215 as at
é 711.21% o1«g~—a-1; 7,1o1u1. $111211 ,, ~ ~ 1 71 E, 311121 %~:% NMOS _E:<1l7<1¢E191 11+ ~::3e'1¢4

a1%o111<+A1s1711 71%a1u1, E 6142 v1 ~ x1:E1° P+ %a¢;.a%o1111A1s1711 71-241:1.

131:1 01 °1—“T~1x12%1‘e 7193. 31211

°1% %é 711015 CMOS 91 x1132 3,1111%, ééxflil 711&~.% »§111%1—o1,n—% (n—we11)E~l p-%% 7171 E11315 ¢x1 ‘>3 91%
f§"§ 31.57 ‘.3711; n—% “,1! p-% 117-194 7110115. °é 91.011 7110115. %‘13"3r=E'% €341 31511 721?} 711°1E(p1ace-holder gate) '3 %‘3r
31% E1711; °1%:% ‘11—%131'°‘1 n-*’;l_(we11)“%l Irfl 7-17~1°11fi‘——‘?—¢ °“1°—’1 E13 53119 °c‘1‘-”1% f§*§5 E 137111 7113} 711°1—E— 3% 711

._2...
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%§ET31 lO—O529202

o]§_
L331.4:"I.3.El

4:115} ~% Z117'1?‘?1.‘~. E1711; 711°1E °1"51°113’—*k-Pr

3513113 E1711§ §:E§1‘E1T?1.

1% *9§91°1%— 731% 7110113. CMOS 5117401 711015 °§€1,¢£:‘. °3‘11 %‘ 51191 °c1@1%%%~:< PMOS l’=;%fl7‘1?i

5{:1(cuD),°1 1-k 116% 713011 "?§*‘é% X11 1 fié? 713 ‘%l °1111 1 %é.‘~ i’i°11€§/‘éfl X11 2 %—’—."- 711°1l*-1% £11511; PMOS 91
711°1E‘i,1-k~?rZ5i% 2'11 E-l 0131--kw°T%<i% 71;1°11 33%-“:1. 2112 *E-‘-’—? 711°1E%- S’£§1'5‘1“‘1, °1717~1Z11l %‘$% “-11% 91 ‘>13

€91 %:1*’i.“aE‘3—§l'1‘E1 <‘i‘i1511, X11 2 T3L$~3- ‘?—._1-Er“11‘?r, 113311‘? %fi 31111121, L131? ‘%%r', @3311 '31? El H1L1%91 €14‘:-$1
£i¥E1 @3831.

E 11.113391 %Z1—3 3:21-11 011 113121 1 21% 01% %% 71101121 CMOS 7e1i1% X1142-31% 710111.

5 ‘£111 91 151% %Z1% 711011: °3 3°11 %?1€E'1~:'—% A1%€1X1 91% CMOS 7e1>'<1§— ><11%¥~?'51-E a1°1t1.

°1‘?—._1“é91 39131 %7-‘1~.% 1% %1“é‘91 57721011 711111 111% 013115 $1511 211%E1‘€ 33°14. °1%1,~% ‘%_1“5‘91 H1%7$'(_1 *4/11 011%
5.131% %1Z:i<1°1 -iéfi 7~1/11131 441335.151.

‘£1391 ?‘S ‘‘-x‘ 31%

1% 11_1%1—3= 01% T3‘-2 711o1.E; CMOS *1i1‘—:— %J7—‘1%1~:~ %1é 514 % 1313391 11121 011 111111 931:5 CMOS 7z1i1~§ x11%1'?QH31. E

1011 #3115, % 1391121 CMOS 7117111: -6.1 %1a1»E $11°1I1(10)*.1<>11 fi§*J'<:1C1. $110131 (10)% *L1i1% ‘M (111011 91311
1i~§61°1 <31 7&9-1% z11%‘%1i, i><1°§%1% 1‘é*é%1U1,1 3:‘ 610% 12 3; 1111311111151. PMOS E<1_17<1éE1% n—%11. (14) E4

NMOS 1:;w><1¢E1% 11-51% (16) % €3*é%1—:= 3:14 42-X301 3?é§1E1. °1%; <3‘3§:«, PMOS Q 73%, 91 5x1o13 mi” 111X1

5x1o14 cm‘? Q 1111 2-; so keV 11x1 200 keV q <>11L1z1 am <3 <>1~s.—a— %°11s1:11,NMos 21 73%, <21 5x1o13 cm-2

111><1 5111014 cm” 91 @311 Q 20 keV 11x1 100 keV Q °11L1X1 %1’1#. %3~¢ °1%% %%‘361°=1 E‘§*s1§—._1 ~T— RN: 111711 1191
% :+.x3%_1D1. PMOS E1a1X1¢B1 ‘:1 NMOS _E:zB7<1¢E1% 711015 A1§1%~’.;‘= (18, 20) -3- §*L1:‘11°11 91611 2121 51141 2:14. 7451

’.%_‘1"H%7: (S13N4), é %EV‘JTi1;E’-% PECVD(p1asma-enhanced chemical Vapor deposition) 011 91511 91 150 nm 111%] 500

nm /11°19] -‘:‘—7»‘11§ 357313101, "E1131" 7110112, 37 54% 711011231 51%: 51% 8&1? ‘E1131. PMOS El NMOS O1 2121 >'<1§_1 711°1E

(22, 241% 63*; €11E1. °1:E:% §£§:q¢:.a11§1,‘:—l 71101: 1,161; 120101111 011721 o1%21E1—:,z4_:1§ $% %E1*§E1~?_’~91 01
"Mi %B1—Z:v1 °11>e1o11 91311 83*; 6&1. 01 01179 ~31-73 %<L1, 711011: ’1‘l'§1§=9.: -‘=‘r—E—a2i °11%1E171Ur 9&>d%1 x1171% -1 am.
01 €§1%%% 711°1E $1%L°11 E11121 t11i11 "7F‘E§ (replacement cast) 2% 35%} 15151-

PMOS 1;‘ NMOS .1:-"=ro11 _»_g¢.91 «:AE:”?_] 13111-11% 6g»g€:1c1. 01:: 3113171 2111 1:1 111111€~, 91 M015 cm‘? 121

5x1o15 C1112 94 5%‘ 3-1 30 keV L11x1 50 keV 21 011L121 -541: n——°;=11o11 BF2 o1£——% EH11 8101 PMOS % ¢5z¢ (26) 511

511111 (28) ~% x11§L-51:1, 21 1111015 cm_2 LHX1 5x1o15 cm’? 21 @111 E11 30 keV 1121 so keV .91 <>11L1x1 5:411: p—@o11

H1: °1%% #916101 NMOS gt ¢9_¢ (30) ‘=21 1=.a11‘L1 <32) % x11%Lf1t1. »L1§1%% %«71'31==1 0111111 011 71111 1, +1§1—E':~%
%Z}%}Cr1 /:_1§}% :31] 01/11 (spacer) *3? 3.351 $1131.

u1%g3: 2 % >;g1aes1E-1;, *_1§1%5§ (36) 721- CVD E %«*—1§1t1. H1%W%;1 —‘f«r211.:., E 1 01111 %Z1f:1 $151 ¢1a1€~% 117211
91 W1 1.5 11111 2 H11°1C1. 1171 132% 351 ¢alE1—E191 £13-101111 %><1%1—:- CMP %%1°11 911111 %1fi1A1v:1E1.°1 CMP {#10115
%E‘% ’c1_E1"Efl “$3131 (slurry) 71”1’%"’515‘1"51'.

5- :»;s,12ss1r1=1, ’:1§1=3:91 71 $1 71012 (22, 24) 13% 71101121 &§1% (18, 20) —§~ x11716_1E1. HfO2 11 Zr02 21%,

1°15 T"r’L11'11 (38) *3 9‘ 3 nm ‘117‘1 8 nm "1°193| "1‘—7711§ %3151'‘’1, 9;“ 500 °C 11111 800 DC ‘%1~‘1’1—‘4 *x°:E°11

*191 O 1117‘1 60 -Er %?l‘ °1‘é%3 E 72‘131.n-"i=l(14)‘%‘ D‘% (16) 742191 711°11E. °§‘31°11*9r*éi*11’{§% 5§"§31‘—C“ 33%

S’3‘§‘}‘§’l’, %‘i’1131 3'F=."“%731'7<11'4 (post deposition treatment) % 5F'3§§1"4'. % ‘9—1‘%'°11 9173} “@1191 -51‘-'5'? @7117‘? 1137171 %‘91
514$ 511%‘? ‘F 911131.
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$573561 10—o529202

711 1 ~,% 9;,

711712 551% 711 1 %é (42) % %z1%1—:- 7101:1711 1 2% 111711 111% 235 o1a11?&°1t1. 01 £1 E

21 71161.12 03 9191 %"~$:%— 71191721 %$—& o11%17:1v1. 1 E1% £§:11X1<:"=;% X117131‘$1.NMOS Q 1-1:
*é=a 711 1 97$ 7.3% £?:1'E71E, 5 5 01 E71211 ?&% QEE1.

X11 2 %4~i~%, E 4 % 7'é1}—31‘d. ~?11°1fi 7.'~l7“11°11 711 1 £14? (42) % %Z1§1 131%, $11°151 2% PMOS °3‘?1~% £§.f7'117‘1¢lE.

(40) ‘>11 9511 ?11E1‘21§_1F1. 1 51%, %$%, 31-1: ~1°r1d%91 711°1E ° 7.<i7<11E °117E1?'f111 ‘3%:‘=. °117I<iEi‘—_ 7;1E‘1’~‘12§

41 °11”é1?_1E1. °11‘—1§_1 °11%iE %91 ‘51L171H2O2 °1‘31. 711 1 %/3911/K191 71711717131, E 5 ‘>11 E*1"& :u‘ES-S @711 3171.

$3, %1%, £131 13% ‘Q H1111? w:L.<z.%»“rE1 413121 01111711 %%E %1 4 511161. 1 161%, CMP fa 01
71314 1:. 5 01157161 7-25% <§%~m11,¢=171*1PMOS 91 1-1; 116% 7;! 13-A NMOS 94 711 1 151%. 73011
?§*3%1.t1.

01% as 71101: CMOS % £>_3r/136171 $17171 11671 7331 ~%,
79, 41315445) (3 2;-21-zs1U1. Fax. (48, 50, 52 3% 54) 5- 1’;

°1"c1, °1%%$ 7110115; CMOS 72171 5% 1 1115- “c1‘§~?: 711/\1%13";\E1. %?‘?J-?—1°11*1 Xéflfl % @7391 ‘$331 ‘11°11"1 °1°11 111
T’; 19173 3-4 -1733 °1 711373131.

@5191 2171

332 2131011 rt1§.?1., %~¢~2i %E1<—‘__1?4—§~% r117«11=:212i1><1,y_c1*L1fl%-J —*r 211 §=.E:r31<d CMOS 712% 71113173: 4 3161.

(57) 7217191 ‘M1

75‘??? 1.

a) 723% 71¥_‘r—% —i%H1?'31°1, 117101 n—~il1 3% p-fl% £§131E L’1B1°1¢ °3 91% *’§/‘.§%1—:— 121711;

b) 711015 °a 91 °11 711°1E *_1§1%é:~ 83% 611, 72171 n—% 1;‘ p-Q 7~17—1°11 711:1; 711 01.1%: %~7161t— KM:

c) °1%% —Z1"C1’:131°'1.’b1”711’1-Q 2% p-% 7171°11¢2¢ ‘£191 3% EH16 °.§‘£1% 7-"§*é%1% E1711:

d) 72171 71% 711°1E “Q 5171 711°1E *J§1%% x1171'6‘1% 21711;

e) 4171 7101B °1‘£1°113L-kw“r7di11% 4?‘

f) /1171 p-€91 @171 7110113. $51011 X11 1 %~ét-:3: %7131‘~:— E1711:

g) 72171 n~%i1 "*1 p—~%4J. 717191 #171 711015 °é‘»’1°11 211 2 %=?~% %7’—‘161—:~ ‘$1711; “Q

h) @171 a) 11171 g) ‘?:1711°11 91311 §% €‘.%% 7.4.3611 %€~§161~E 21711727 7171 31131,

6171 71321 711°1§.% % ' 31%: $171 b) E1711E -7'<1%1711E% 91 150 nm 11171 500 mu 91 -‘:r”11i %iZ131%:- ‘$171173 3351311,

7171 71%71s:§— %~z171~: 72171 9711: Si3N4 7- 22171: 11711 :1 E7171; 74 2 27513: 515- o1-73 72% 71°15 CMOS

9 711% ‘1771.

71§:11'fJ' 2.
41711
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71% :1“? 3.
51111

>‘§€‘€& 4.

211 1 31°11 2l°1*1,

@171 (1) E1711 %i°11, *L1§1%4% =‘:~Z181—:- 371% 111 §£1‘a131U1,

@171 /L1§1%%—91 ~‘:r7711‘:‘ 43171 71% 711012 $71191 Q‘ 1.5 #171 2.0 H11‘fl 23% ~57e1£i 61% °1%€=+:.’* 711 °1E CMOS 91
711% 1101113.

7'§%“‘%} 5.

711 151011 3101/11,

72171 31-k T"r7dz11~:~ %Z131—E 15171 e) v>L1211%,

HfO2 %‘ Zrog E fiL*éE1%: 211ia?:2§1‘+E1 112113 1-1: 711:T=L—§~ %Z1'61~: €r711~:' 9E§}%1‘: 7i 3 5782: 31% 01% ~31
41> 711015 CMOS 94 x13. Hm.

5§:r“‘& 6.

x11 1 31011 310111,

12171 1-1: 7132 %Z1’E71~E #171 e) 1&711%,

91 3 run 11171 8 nm Q -“H7113 1-14 213% %Z161:— E17113‘ 1—~ — 792$ 81% 01% "E1? 7110]: CMOS 21
711% ‘$111.

"§:r‘?‘a1 7.

711 1 31°11 51101711,

#171 711 1 %%% %7#'31%_~ 7871 f) ‘?:1711‘v:,

/5171 p-Q91 711015 °3‘i1% 3i11E1‘a‘813l, 12171 711 1 %=1*--% %7%1“6131_, /1171 711 1 %¢—% fi11E1‘é3131, $171 711 1 r3‘$% /L
W12: 011 721611;‘ 21711% £11311: 71% 573 9.5 31%: 01% ~:%~’$ 7110113. CMOS 91 211111 H121.

7‘§-“R11 8.

711 1 61011 9,1014,

72171 211 1 —;%fi% «$52161»: /$71 1) E17115

/2171 W101i 0391 11711011 @171 711 1 r';%54 %% $1811, @171 W101: °21%:—% fi11E1‘é31°1 /2171 p~~‘£91 711013 ‘*3 ‘I1

<>11 211 1 %%~é:— 11% 51715 1.171% Egg}: 71% 57112: 61% 01%» %.”$ 711 0]: CMOS 2} 7113’: ram.
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7'51 $121 9.

2:11 1 @011 210171,

75171 x11 1 %~1t% 7:-212's1‘:~ /2171 1) 217115

‘£13? 3% °1fl1‘?‘r.‘1i -"r"‘351E T":‘%i‘2E—‘?'*E1 331% F-‘$3 €331? E17113 £”‘I%1'5‘1‘.i 3 57833; 81% 01% €41“
711 01E CMOS 91 11135 ”c1“‘%1.

711:1‘? 10.

711 1 71°11 %1°17‘1,

“E171 711 2 TEL5?-:% %3151%E “E171 g) E17115‘.

‘:u_1%"~“1%, 7<1§5i§=‘r, %:fl1iEJ, L1£%, 3%, 7.‘=_1§1 E11? H1LH§*.‘l.1 -T"‘éfl~E 1:2“-5*Ti‘.°.§3“rE1 ’:i‘%‘?1_ %4T~~%
% ‘E1711% £?151E %l% §r7a‘9.§ -51% ‘>1? i%€$ 711°1E CMOS 91 711% ‘M21.

7‘§?*‘%1 11.

a) @3153 713.1% —i‘~t'1?'?1°1.Z1Z1°1n—% ‘£1 D-%JJ:3— E€7151~‘E \’»1B1°1¢ ‘Z31 91% ?‘§*351r‘:— E1711:

b) 211015 0321011 71°15 A_1§1%—,% 5§*3‘8131,Si3N4 2121 213% 91150 nm 1171 500 nm 91 FH211: %2'181~:~ 2171113 2?.

?=181—:—, 72171 mg 3% 134% 7-17-1011 717% 711°1E% %31%1.“~, 21711:

c) °1~&% -‘r°1131°1 7371 n—%1. ‘% p—~‘:J.1 7—171°11 5:31

d) 91 225 nm L171 1000 nm 21 ~‘%7211a ¢1§1%%—~% %~71%1% 21711:

6:) 72,171 71% 7110119. “*1 72171 21101.1: 7J§1%% 21171*s1.:_ 21711;

£1 72171 71 ‘’1E 31 ‘I1 «>11 1-1: +°r7d211% 757161: 21711:

g) ‘-11% 3% °1E11‘§r.°_§ $711 3112 €'é?‘E‘—9-_1‘F1“E:1 7EF—."Fd 711 1 E?-% @171 p-Q91 711°1E °3‘§1°11 4’§3151%: E1711;

h) @171 n~% E‘ p-Q 7-17-1511 73171 711°1E °3‘51°11 %1—‘?4711f, 113211, %B1P_E11, L131? %1%, ’—.fl§1 21% ‘3-1 F'1‘1~'€r.°_§
L?"/‘J 51¢: %—i‘-i‘.<?.i1"%E1 413% 711 2 T?-i."*-.‘al~ %-7151*: E1711; 2%

1) $171 a) 11111 h) 91 ‘?_r711i €53: 31%.-E 1103311 %‘5—T~fl51-E E1711%% -TLH1 31% 53% ~‘—§T7é}£‘Li 31% 01% 1::1'éT‘ 711°1E
CMOS 91 1115. ‘?1'“£1.

;—§:1L%J' 12.

7111151011 S’,1°1*1,

#171 1"k T"r7$i711% %’31’31-E 12171 f) ‘$217115
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HfO2 1;‘ Z102 E W39 z11En:L9..1~‘%E1 *d%“%1_ :1 k 213: ’:?%‘'61: 21711“ §‘5e‘131: 721% ‘E7512: 31% 01% fié

711011: CMOS 91 211& 11,1111.

%?§13

X11 11%c1<>11 al°1*1,

/5171 1-1: —."r‘+iz'11% %—3131E /2,171 1) 13711:“:

9}‘ 3 nm LHX] 8 nm 9] -C1-77I]§ 3’.-k 7<HE% %731L3}E ‘Q7413 SE‘? ‘ ~ - ' 5,“ 7110].‘? CMOS 9}
X1125 “OWE.

’§?%1 14.

211 11111011 31°1*1,

/5171 X11 1 %5:—% ~Z1%1~E #171 g) E17115

“$71 D~%€191 ’:}71 71l°1E °391—% 341E1‘é3}3’—, 1171 ‘/111 1 Tj"éT"% %315}-11, $17] 111 1 %—5?-% E1‘d311, ‘J71 111 1 %—’—.t
£3-1 ’.~15—‘.‘7fi.°.i 01]/‘2}‘5}‘E 1374143‘ §E§13}r‘3 % ~—E¢’8£i 61% ‘>1? €47“ 71] °1E CMOS Q 1113': ‘ii —.

21111 6;1o1191°1*1,

1171 211 1 %~:~% %Z1r‘s1l;~ 4171 g) 13711:,

22171 14H1°1¢ °§‘-*1 >.<1%11<>11 /2171 211 1 %f~.91 %% %&%11, @171 1’4H1°1¢ °§fi~% fi11E1Lé*61°=1 @171 p-124191 /5171 71°15

°s1‘11°11><111 ‘:1? K1 2 ‘J71: 3711: £11131: 711:2-24.2: 61: °1% %~’:~ 711"1E CMOS 94 211%. ‘M1.

5§:1”‘J 16.
61211

7"§-"FE? 17.
’i1‘111

EEH
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N‘ 3

L4.

\\\\\':
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‘a/
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i
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so
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KPA XML E-/\-I THIOIII 1 /2

KOREAN INTELLECTUAL PROPERTY OFFICE

KOREAN PATENT ABSTRACTS

(n1u1nii§§?:'i“a"°” 1020050073541 A
(43)Date of publication of application:
14.07.2005

(21)App|ication number: 1020050000362 (71)App|icantI INTERNATIONAL

(22)Date of filing: 04.01.2005 BUSWESS ""ACH"“ES
' > ‘ CORPORATION

(30)Priorlty. 09.01.2004 1 (72)|m/emor. KU VICTORSTEEGEN AN
WANN HSING JEN C.

<51>Int- CI H01 L 21/335

(54) FET GATE STRUCTURE WITH METAL GATE ELECTRODE AND SILICIDE CONTACT CAPABLE OF
FABRICATING SINGLE-METAL OR DUAL METAL REPLACEMENT GATE STRUCTURE

(57) Abstract:

PURPOSE: A method is provided for fabricating a

single-meta| or dual metal replacement gate
structure for a semiconductor device.

CONSTITUTION: A method for fabricating a

semiconductor device having a gate structure on a

substrate comprises the steps of: removing material
in a gate region of the device to expose a portion of

the substrate: forming a gate dielectric on the

exposed portion of the substrate; forming a metal

layer overlying the gate dielectric and the dielectric
material; forming a silicon layer overlying the metal

layer; removing a first portion of the metal layer and a first portion of the silicon layer, so that the top
surface of the dielectric material is exposed and a second portion of the metal layer and a second portion

of the silicon layer remain in the gate region and have surfaces coplanar with the top surface; and forming
a silicide contact in the gate region, in contact with the second portion of the metal layer.

copyright KIPO 2006

Legal Status

Date of request for an examination (20050809)
Notification date of refusal decision (OOOOOOOO)

Final disposal of an application (registration)
Date of final disposal of an application (20060727)
Patent registration number (1006130680000)
Date of registration (20060808)

Number of opposition against the grant of a patent ( )
Date of opposition against the grant of a patent (OOOOOOOO)

httpi//l<pa.l<ipris.or. kr/XML/20050000O362AO/kpa.xml 2010-07-19
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Number of trial against decision to refuse ( )

Date of requesting trial against decision to refuse ( )
Date of extinction of right ( )

http://kpa. kipris.or.kr/XML/2005000O0862A0/kpa.><mI 201 O—O7—1 9
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%%§T51 10-0613068

uwmqaaéaamm

U$%%%fi%i®D

(51) . Int. Cl. (45) %L3L?J_x1 2006‘v.=lO8%16‘.J_

H011, 2]/3’35(2006.01) (11) l=cr%‘i1.§ 10-0613068

(24) %*%‘°:12} 2006‘dO8%O8%

(21) %%111i: l0—2005-0000362 (65) %,1711131_: 10-20013-0073541

(22) %%1€4_X1 2005va01%04‘4 (43) %L711?4,;n1 2005»307%14<24_

(30) w"—éifi—’f~7e1 10/707,757 20046019310994 U1%‘(Us)

(73) $11611 °L1E1111/1151. H1X1t11¢ "1115 3.12611 0125.
121% 10504 w‘?%~?~ 01-$31 1‘+37‘<15 :5

(72) 22.11521 #94151

111?; v“r€—.Z‘r 10598, &iE1% 61°12’: HIM 51?: 2529

¢E17d1,°J

U11 iL11F17'fl% 06902, éfiilé-*1E, °1fi1E 2438, "1‘*?“i‘— 334.5 °11H1w”T
150

$£r,‘51’%J—1Jl’~1.
13151 w‘?*3r~"r 10512, 71%, 131911 *1? $1155 1179

/51°81-‘?‘
€r311‘*J

(54) U11‘-74.: 711°1E Xd_€.‘i7+ @431/11°15 %.1fl~% ;1—:- F E T 71015 :r"§.% 5% 1 2115. 111113

3-91

‘$LEi11éE11—§- $1511 694 U113 EEE °1% U11? 5117111 711°1E -7&7-:%:2: X11351? "o1‘?3°1 X11°o1fl“1, @171 €’&vEr% 71 01.‘

91°11 €31/‘1°1E {E"3% E‘E1?lF1. 71¥‘_‘r~91 ‘4l‘i—%:% 1:’?/‘17171 91311 C114 711°1E :r‘§E% Q §1"31 711°1E +°r%ii11 ’
1 :1 31°11 711°1E~?r1di11715§"é¥lF1.711°1_E: +°rZ.ii1191w"T2<ii11=S‘/T9,-é’.: Eff B11132} %°1“%*‘511<‘4_131.°1’r‘-1117.1 511% 5?
-‘?11°15i1vE- E13: =F%‘"§Z\‘ 171% %°1 1*;1711% -T-%151.’z1’71V11‘.%_‘* %% ‘£153 ’é‘fl%J- %°1 €§"51fl3i,°1% SE33} :‘é-“Z3

-§=$lE‘r. @171 7110115. °391111°11 32% @171 W11%%T1 %35~.’a1‘E11°119,ll:~ ¢J_v’i1/11°15 E’~E“«°1 "§*§%1?1.

t11¥_£

E180

’>‘1"L1°1
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E13561 10~o613o68

@7101: E“=1.33‘?_1§1A%‘“é, 01111131 -371 a1x11¢

B31114

E12121 7L1‘i1"3.1v’:i“§

113 1A—t— n+ 91 p+ Ea1¢=lii1E °§%1% %%E 7d?'§Z1<a CMOS K1171 ‘ 101E 132%-‘fl “§‘?‘1;EE 711?r“=1£i E71161 7i°1E1.

E 1BE E 1Afl 711°1E °39'121 11:1 H1111 E1?1;E°1t1.

E 1CE E 11191 7110115. °&1%‘91 71$ 1116.1 ‘?_1‘?‘1j.E°1‘31.

E ZA91 E 213—:« E éJ_r's‘fl X11 17271101141 181% -E71713 t11i11 7101?. E23 1Qr7—11°11*191 A11: %1f21I171E “.1601 2171011 r11E1
E1=dE°1E1.

E SA91 E 3335: E ‘%1‘§9»1 711 1/1%/K1 011011 E %7J7111 1411711 711°1E E3191 51 73521?! E17191 /111$ “$30171 71$ ‘%15.1 7171
011 E11E1 ":1‘?1E°1F1.

E 4A91 E 43% E @1891 711 1%“ 011011 “1E %Z_17»E E11711 711°1E %‘“.§~‘31 E1 1.3171191 *11§. ”o1%13'1 71$ ‘$151 7171
011 111511 E1E*1_E°1V1.

E SA91 E 5,33: E ‘@3191 711 1/E*1°11°11 151E %7L17»11 111711 711 °1E E13 °11*1 =7‘-71751 ‘$1 E171191 /111$ “(@1311 71i “J?!” 71
Z1011 E11211 E1E*1,E°1V1.

E 6—‘.’~E1 E 9»: E E1591 z112aA1<=11°11vt1E 01% v»11E1 E11i11711°1E %X;1o11*191 E17=11E% E71613. 91t1.

E 1OA91 E 1OBE E EH5-‘4 z112é*1¢11°11 WE 01%‘: 111% t11i11 711°1E %7..1°11*1=fl E1 6813 E71191 7111150111.

E 11A 91E 11B 1: E E1‘§91 711 2/$1/‘1°11°11 31E ‘>1? 171% 111711 711°1E %‘7‘§°11?~1-°»1 131 733113 ‘$171191 111% “o1i§‘?1 71E

‘S151 7~17~1°11 311% ‘I:1EE°1“/1.

E 12A91 E 12BE E E11591 71112/E/\1°11°11D'-1E 01% u111:2_r I11i11711°1E %%7§°11/1191 E711-1% E171121 711% B13131 71:1
“.151 Z17~1°11 t11E1 1a«aEo1v1.

E 13% E ‘EEEQ1 711 2E"‘1°11°11 111E °1% 911% E11711 711 °1E %13°11/‘191 51 7513218 ‘%.1711% E71311 SL151.

E 14AflA E 14BE E ‘?—=1"§91 711 2/E1/~1 01°11 W13: 01% 111%‘ 111711 711 °1E %7§°11’~191 131 115213 ‘$171191 /111i “o1“%13’1 7131
111?} 71-71°11 C1113} ‘{:1‘?'1;E°1‘31.

E 15% E ‘EEQ1 X11 2’é*1°11°11 I51»? 01% U11"ir E11i11 711 °1E “EL °11"1 91 =”}717~‘1‘fl E17115? E/‘1 3131 522131.

E 16A91 E 165E E ‘@991 211 2&4,/\1<=11°11 FEIAE 01% v11E1 H1211 71015 E73 °11*1~‘4 51E ‘$171191 7113 115111713 111%
117-1011 E1153 E1121;E°1t1.

E 17A91 E 17BE E ‘%‘’391 211 2%/‘1°11°11 WE ‘>1? 131121 1311711 71°15 %‘7‘3°11*191 ”;F71'751‘?l E17191 1113‘; “o1€E13171i
H.111‘ 7—1Z1°11 E11§_1 1?/_1flE°1F1.

E 18A—”r1':1 E 18CE E 17Ae1E 171321 t.£r711<>11 1212121 V11‘?l.‘1E7\1 01% v11E1 E11211 711°1E —':3~7z1 o11A1.c4 $712103 E171121 71
E %6§=°11 E1161 E1E1Eo1t1.
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%%E—%1 10-061.’-€068

’% 01 $115: 71% “E 1 -‘E0154 3§?1171€

751% 1471011 74% %%1‘L1°1 10/707,759 "111%=‘~ ¢v11°1*1%% £71615 FET 74317101: 7110112.
“o1‘11(Meth0d of forming FET silicide gate structures incorporating inner spacers)" °11 3131 9 7,1

._.__

7}1°1

CMOS £:7<1'%°1 711*’='?7—"1_CLi £131 131 31% 7‘1‘)FE

513 71215113 ‘R1171’. °131\€’: 711°1E 1?’-‘3_7.i%9*1 %1"»1"a1fl*3-(P01ysi1icon) 711°1E :17'?3%~‘7?"—1"1"E1° '

€3,751 33i31(po1y depletion effecfii 7‘17é1%)7% 1311-‘1’— %-71-713151.

*o171 %a 7511 33.31% 511.’§1"‘17137- 777% $1.-‘?r% 711°151’1C‘W1 /‘1'%‘3‘3'1, ”1E1"‘1 IILEEE 113151 CMOS fit
o%% §1’é51 '31~E131"1%?1_‘31. "11? 711°1E% 73533133. E1U1(dummy)%€1’é1_E1%‘} 711°1E71€§"c‘1Fd 31‘-

x1]7-]% 1113101 1711‘? 711 1l7;715g1/‘JHE 412$ "E11711 711°1E(replaCexnent gate)" %L7§°11 91311 §"§ E131‘. ‘E171 V11E:} 711°1

E-1-E 11+ 31 p+ 71101.12 93 ‘E1 E-‘r°11 §17z1"*§ -’F ‘,?,l.°J31 %7l'7;3 ‘3—l§:1"1‘~(midgap work function) *3 $1115 ?1_“?=_1 U11 Q13: 391%
‘F 511191. 1’«11C{131_°.i, 73,17] E11711 711°1E% n+ 3*} 13+ %E1’§31-3: 711°1E.% Z1Z1'°11 91311 °1ZL1°11 7§"r’r519x§1‘?’i '§‘7_1‘—11°11"1 *1
E 131% %1%:1"1:~§ QT? '7“71191‘=’11 7% 35.1? "1: 31131.

3% flea @1371, E1(Lee) 91 71E1%%91 W1-7* —E—2‘>‘1%711Hd: 2003/0119292 " 01% 21.715? 121% 711013 CMOS n1u1o1
£5591 7.21 751 (Integration of dual workfunction metal gate CMOS devices)“ °11/~1~‘E U11‘?/a} 711015-E '5§"§ 8171 $15.71 E11711

711°1E *3"7‘<1——‘=:—1%§% §.=.‘5‘fl’C-.135‘ 711°1E715E1"3% 317- 7117/'1Q3— 1/171 711”o1¥1_ E*%fl7'<1% ‘#7131, $3 "11 %°1’B171Efl
7‘1°11§’51¥l 3'? 711% 711°1E-E ‘fl%:°111171w‘1511 3¥§1‘f:1§1’51E €773 ~ 3, {%;1“§31—T‘— 3151. °1E1‘5L1 73?.‘ 7% -7? 7171E"1:°11/‘1 711
3/2191 %':711% 71171 21 ‘F 321131. 5171131, (70 nm £3.51 31-3‘ “11‘‘?‘ §1% 711% 7.4.°1°11 E11%?'711‘Z‘) V1151" §35‘—iE1 711°1E 77-7-:-E€—

u11E_m1on ma gag u_1:;:»z1 (331171; 21141717} 121% 11% age %%1 “1(high-aspect—ratio) E are 5e11i1% %;r%t1. €711

E, 711% -?1‘%§1 %‘7‘3 (7flE§7—1£i §1?317$1 -71 711311 flV’1:5‘@(chemica1—mechanical polishing, CMP)) % "11%91 ~T‘~7711°11 31
°1(1E13’—, °1°11 31131’ 1711331 711°1EQ %°1°11 9u1°1"1)%11"31"3:% °1=71§1 5? ‘R115 171%‘ °1§—‘1E(dishing effect)°11 °3€f} ‘$271
71 11131.

“11‘§'r 7110113; 75.51% ° 311 ’éi'1/*1-012% E’-E1(si1icided contact) % 711131315 51 EE'<§’_1 H1%Z151“4'. “1‘31"1. ?7_1’713 1311711 711

°1—E— 3'-3 °1%' "119 13117111711°1E31i—?°11511311§711751%'71*‘E513’— 711357116‘ I}, Q?/1’*1°1—— ilflé“ $315 111%’ 711°13:: CMOS
¢X171%s.2‘v1t1.

E '17 51131 ‘£571 Z-“-71% 91721 E94. 711% SE1? °1%~ U11? E11711 711°1E :1"EE%% 711335115: “.1

_« »% 7l1°1E °51°—1°l1 §i‘»1’\1°1E E’-91% £fé1?'.‘_1L‘1.

‘§‘“§9| 51%? $1 11%

é"{'13% 711111011 7110115. :n1'§_%% 7171. ‘#15711 ./1:7<1§: 7115-717‘? “o”1§% 711‘3‘§1'.°—5l’“1 7&1???‘ §—9/‘$73: ?3‘11€§}‘:1. ‘$13191

13°11 V1391, ’2171 “J"1a3% 5171-91 71511491 ?:1l?~*E% i%7‘171 71-131311 711°1E “$191011 313 %74%%" 71171 "31E‘_17‘1

7l1°1l=; —_r’-2.3% 3-1 311*! 7110135,. 7°r%1_7v11(sacrificial gate dielectric}? 7~1171?'51‘.31 *1) 7\131$1131. 71101 E -?r7.‘17111T: 1&1
~ 1-*.%% 1"?-~E°11 @1331, 1711?} %% ’e171711°1E T°r7L171191 4171 7°T7éi7‘11%7§% E?1%71131 8§"§3"31.°1€1?} U11‘?

:5 1731711 51:71 ~‘?11°1fi§ 511% %%Z3(bla11ket)U11E.} %°1*‘§_ 4“ 31131. 911% %31 ’éT‘/15* % 1jrv‘3“%°1 711715112‘ T3?l'§1

°117‘1‘fl1(etchback) %"‘c1°1 ‘i“33Q°1"1, ‘?r%_1_711 EQQ1 3’21'$1E’1_°1 lt§fl 31, "11? %-V1 "E117/15$ "3591 V13 -‘71~:‘vfl:5—.5t% 711
°1E °:191L11°11‘1’a1°15’sl9—E"1}‘1"r’r7fl7‘11%7.J_91 i‘1"c1~?1 §§.‘?1:3’-1 %‘4%“."1i’b1~91 33% §l‘711%‘31. 1131511 "1/"1,711°1E °§"31‘11Q
V11‘? %-''’—1 §3%“'51—‘-I-5 ’§=_1.T"/1"1°1E *3-‘31°1 3:1/‘3¥1_‘q‘.

E °5‘11°11%%°1° TLL‘ —“mE—%° $47 5'-~‘?~ 2£:161E —?aL€~ %=.‘.a1A1°1£% ‘M6171-Ce s11§.a1*1—°1*%
1 1 ‘—1i11%7.J.91 31’&w°1 £1?1:—%i§7~ 1 1 $1111 Tc1E1§5r%1 %<‘r5’!1‘I%l3§'J>11 5.s13~‘.‘°1_,F1.
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17113 E%l7'<1~§T ?‘§"§31E 31.0.3 51.°1’.4_ -*1‘ £1311 3- H1E1% 715391 L—_%¥1. "1"-E-°1‘11.V11%1 %% 33

91 71T”i1(sidewa11)§E‘?1:°11 U11‘%—% %*‘a131~E K'_1‘a°11.711°1E w"r7£1_2‘11% '%*§‘ ‘?:1’1 Efli191 H121
’53"§?'?1~t— ?‘r711% E~‘«J‘/'<1—‘§‘ %7L1'5‘1711%1?1./E?/1—?:‘*°1 Q91/~1°1Ei 131; LE 7

E >"11$17‘1—1, 111% 711°1EE %‘31 E“5.w"1°11%°1513'— E"%l1i1fl H1‘31°11 9,135 711°1E ~r°r7.fl7111~€ =

%‘?1;°11 11131311, -?-71151 911% %°1 711°1E °s1°—”1°11?‘§*éE1EE °1%= B11‘.%_1711°1E fi1E%°1 ?"§"§%1?1-.°1 ‘$111.1

‘#191 7fl‘?_13*|11?—-.‘ir.‘?fn¥E1 %ié.1°1 K11’/1%1‘_—“F 711°1E °1‘31—‘1 ~‘%‘31_F11¥~€;2§%3‘~1'31 %?J.°1 ><11713°1, 7131.1 3%
1.\_E /5171 711P_r~‘fl lzéfl 3%-E—°11 711°1E w°r7éii1171"é/‘c13.E1.131.111 1111113 %31X11 lflflii %°1 7110112 w"rXd>‘<11%

5137- ‘:13? Y§‘%§1%131. K11 1U11'§‘%° ‘Q-‘F-E<°1 ‘$13133 °1 111%} %*1°1E %°1 211 1711‘? 53731 211 271% 4%

.111 21111? %3'—1 7<112’%-31-3 %°1§§*éH3i 1&3-1: T*§‘i1§1 =r1‘_Wx711°1E "§‘33111°11/11,111 1711'?! 7334 1112911‘? %91
~‘7‘~—.‘i~311 E-“r ’§§%13 ’e}E11f’—. /§w'i1*1°1E —.'?’:%°1?'é*é%1T1.

mmmmzfi
79.: ‘£115 71 349.1315‘ 57% f%1"3'31'3i, ’é\‘i1"1‘°1E E§"3 111% %% :1. $1011 %31313L, /5-1?/1/K1015 :51

1 "3*?l‘?1-./§1‘1*1'°1E %‘7‘§€— 111 13-1 1112/%1E1;E %*-5:91 7313- 1"?~—E°11 31% $1.31?-71 Z113’£1E1;E 33791
% 51 “11‘%_1‘ %91 1711‘%:% £951? "11‘%1 ’é31"1°1E% 'E§*é $1131. +°r7é1_i11 %7§91 31’21-‘1"1‘?‘1:*°a7 1:?/‘171

°1 717311351. “11F1ir31 911% 31'*1'°1E’E 711 °1E “S191-‘li1"i'1‘=1 3177373133 ?<1171% ‘F 511-1 V1314 1111‘? %
7121"}? *r‘1‘71‘ii11 %’3-91 c‘11”a1$1 §§E"1;°11 1311511 E1*‘11¢(recess) %1_‘3r. 7<11 3"‘a1E1€’~ %a°: @171 \’i1*11’—"-% %

Z3513?-1 "5171 ’é1E1"1°1E~‘-:- 3191 ?3.'°1 3111155‘ "E?‘3i517115dV1.

M111
.t~.L:19.131110_°.

1% ‘$113391 EE 4% %‘¥1_°11 31313: 713111011 711 °1_E. ~':‘Z:€:% El‘-L; 1115111 5:117} 21143351. @171 5271191 711°1E :r‘§%:°: )3}
71 @1333 ‘%1‘?§°11 T1711“/1 ‘f:1‘3€ 911% SEE °1? 1711‘? 1117111 711°1Ei 7-111 X11i% 5? 91131.

~.‘:'— Q1391 /§*1°11—‘:‘ 1117117110115. %’~ «1 ?:,.l"1“‘E7.c’_§ /a%1% 7d°L1t11,1i1U1 %B1<:lm"1~E- 711015 @9101 715&’a1°11 21111111111. é

¢91 :2e1<a °3<—‘1°1=‘é*é¥1.—*? 7117153151. E 1A1%E1 3110*: E1111 711015 ?-&%91 711s1E<dt11, °1% 3931 111111111111 *—;1".1P»1
E 3- 2175191 %4.*1°11fl °1u1~. E 1A~: ?&%(10)91 5§‘?1;E‘L1E11,p+ ~‘é-a1é4.x7/1»:-'~ 711°1Em) 91 n+ %a1¢4_a1€'— 711
WEmD%£§fi1fl4£mAWEN%flfl%m+%p+%9%E%%flWfifl?i%%$%Mifl%flH@%
75151:? %1z1_%v1. 24.51% %(13) 3-1 HDP %A1°1E(14) 71 711°1E °1‘3$1i =:%Z1E1i 13136151 01/11 711013 °3%1<11,12>°1

k%flflW(%%%Q@N%%Wfi%wHfl%%%a%flfl%fl%%NE%flum%m%G1@Emm%4q5
flfifl%flfiflJE1B%fiflfiflE%fiuLmwWWHn%§%fl%flflE%NNE%ua%fl%%%a%a

<>=1%1 31% x11f=111*<*-:1 E1E'1;E°1“—1. E 1c% E1711 %71é4_a1—:i 71101391 11 ét.-3°11 215 1J§1€-(13131 HDP %A1°1E(14)%
PL°1¥:‘:— 71.2%} 51%-1;:o11:1—.

#171 13111 711°1E5’1 51 ‘.11 71°11? *9-1/\1°1E71 71117153. $2 1311'%1 %(H1%’i1 Q ‘$11-’F% 211%‘? 131%‘ % 211 -“rW11i)°1 1 €31

‘§*§31%: E§1_17’41°11 ?§Z15fl—1, 6171 $*3.*%1_1>‘<1E $335111 131% %fl@fl-E’—31‘r 151% EQEF} %%_i i11~°%176l1?1.%~“»1’é—_1E1\3_L.‘% U11
“;1711°1E°11 ¥":‘é‘1-% 111~B“’5171—?1??:1 /§,E1*1°1E§ ?1;~§1% -’F ‘R1111.

%flW%flNE?$§%4m4§%%m:%&fi%%¢%&%&%w%flflEE%n+qp+mME%a%%
-?1%*1i 4% <a€é1¢% @112 01% H1113 711013271 % v’? am.

111 l’é’~1°11 5 9% 1311‘?-:1 1111i11 711°1E(Sing1e—meta1 replacement gate)

3% ’‘a1’‘1 °11°11"1{‘, 131“1 %31*.=l1"q'EL 711 °1E 1"‘v7t§"(1‘1,12):§‘°1 %‘§§‘1‘ %""§°11"1 X1171-‘3=11,5§§1"§(l3) ‘$4 3r7‘1°1E(l4) °11
T11§1’ ’ciF31‘§*% X15 35‘ $155151‘ %‘7§°1*1%% ‘F 311:1. °1 7-S‘7é1T°r 5:171 31% %’*1°1—‘3 %"(15)—% 1:§7‘171—T’— °131 EE?'{1 *1

71351‘. T‘131"‘1, E%1,17‘1(2O)‘:: 7r£1§’%91 %*~'1(13a, 13b)31' 131‘31°11 715£1(1)~°~1 h:%E 1'17-‘.}.°¢§ 7317711 "52’1’§%131./‘11§’-::v‘:": 711°1

E ‘?r3i*11(25)71lw:%-‘d 71 3&1-‘.’*1 ‘>11 ‘35Z1:E}‘“§ °1V1 ‘.3351 "21"c1 53“".§(thermal growth process) °11 91311 §»1*§%V1'. 35721‘ 131%
%(conf0rIna1 layer of metal, 26) O1 E"<1_15<191 §‘§'»‘1§:T3~1 7110113. —r°1’—%i71'11(25)§ ‘§1.2“‘1*1 '§_T‘%7,3 —’:E‘~£f’—./x1 %31'§1f1-. $1: 71
'3v‘i7°191 "~."\‘§3fi_ 7171?: 1'%°11711 °1‘<'51151“1E‘31fl‘ 71%’-"1, @171 %(261~fl ‘YTA-771191 §s1"‘§(c0Inposition)-1°: B.“¢1fl5C: ‘3i7?J"F~§‘ X11{’>*‘5‘1

13% ’fiE—’1~'§.131. E ZA91 E ZBE V119 %(26)°1 71531351. 313 '~1LE=‘:é"91 /‘113’: “o1'7'f}311' 71$ “Jig” 7—1Z1”°11 511?} td’E'1;E°1‘31'.

5% 517<1‘3.=1:°.- 131-€7‘E1’TJ_(po1yCrystal1ine) BEE 111%1Z*=l(amorphous) @131 $91 573331 %(31)°1 €171 Efl5<1(20)% 7?11%‘{}
$1" %v‘%§_1 -Cu-7/11$ $171 %(26) $13 %31%1.1?1. @171 %(31)91 1113? §a‘*é~8- 3175191 Eflfl X11%L€1E§~ éiF%'51~EE11,

011% %‘%'1:, %€1”4E1 51-31 “17‘§%J. ’2«“1€~°»1 3C§§1°1 “1%1Z1‘5;1 ~73“¥i %"é% %¥EF1-‘EZi°1 ‘§15’1Z:iE1. /2171 %(31i126)% H1
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%1Z131711:‘=_ CMP 011 91311 5§E1§1E151 ‘F1315 ’e171 %*1°1E °c1@1(14)% EH1 L:%51fl E*“<1.15<1 ~’Ef‘/31 %¥J.91 31¢}-‘?1 E1:
(3121)% 172131 %‘?J_T3‘?1;’a1°11 9171 01711-8131. 1 E31 -757: -3: E 3A(/1*11§“o1% 9.131;) 91 E 3B(71§”o1%* ‘?1_P1;) °11 ~‘x:-"151

°1 SL151.

°13I‘=°11 $1?-1*1°1E—§—’ ‘%1*é3171°11 31%? V11‘%51 %“’§%l %(41)°1 %-*—1¥‘1_F1(E 4A,4B). °1 ‘*11‘3a1x% Co, Ta, W, M0 BET‘:

(111"e131?'51711%)Ni°1 % $ 21131. °13F°11 ’§fl*1°1—E %17£1°1 ’é’*1E13'—(7<1‘/111?} *1-301% %"?>‘11 71€v‘i*°1=°11*1 %‘X13°19l51*), F51
F/1*1 $171 E%i171 %7.‘i %7§% /§r’«1*1°1E(51)E 191153r«?~1.1?1/2171 $55091 $1,311 3’b1$1E‘l—;-"7 F171 E%7~17171%’1011 EE\"»1%
073E131 %7E1 01 §?'%1%F1(E 5A Q E 5B 7113:). 1513101 “$171 131131 71°15 :r‘5E%w‘_’— Q-‘£1/‘1°1E —§E1°1 21% E1911 111% 711

°1.“-4°11 51311 311711-Y:113‘r(E lC91 3?: 5B% H1341).

3% '_5L7.1~"c 7-1 %91 "1i7¢1% ‘£1332 SW1 %.°.E,?., W131’/"1 ??;517171%°1?‘} 333$ %71% 31°11?-.

7112 @2901] : 01% U11‘f<._1 E11711 71l°1_E_(Dua1—mcta1replacement gate)

re +4.71 01011715, 72171 1:101 p+ all n+ %.-F1éM»E~ 71101:==€*E%01 711%012E 21171311, 01-: %=i4¢=1v1»i’— ?E%01 01¢
0.s101z171E1:<1 % 71% ‘§§1?;5._11?1._‘.:. 6% 4171 p+ t1u1 71101§.(11)01 u1¢5e1IM171 n+ H01 7110112412) 2-; 0.1.011 7%}
:1. 25171 §17‘§ 711015 %—A101::_(15)—<4 X17101 12171 “M301 21171 3101 ??u%% E71611 3101. E13171 7113(1) 0 ‘2J.Pr~E

01 EEH01 9,101. -E0217; 71015‘ T°r2d21 %~(75)01 4171 :5: @1511, %01a1 011%} %<76)01 201011 %i1au1(E7).

E33 5171?:-1% 111€7e17é(po1ycrysta11ine) BEE “17e1§(amorph0us) ’.%~’1~€"—91 ~‘§_T%3l %(81)°1 4171 %—(76) 91$ %/$1331.

X11 17471010111101 £1°1, 4171 %(81)91 ‘§1"é% flzfifl EQ71 %%i~% 7<11%‘€71E% 7}iE‘1%1F1/2171 ?i%—% E1131 711°1E
(11)-E E171 l:**17171%°-1011 3§E‘r§1F1i1, 11131711 %~%i%7§l(81)91 3’b1%1 E"1:(81a)31 %%15% 191321011 91711331. T§E1fl %7é1%
011% E431 %€1/1117174 é=l?1~E’—~‘i1 CMP 91 751% ‘T:‘r?=_1 ‘(:17-111110117~1’§0J13EE11,%a’§E1% 711°1E(11) 31 EE"1;91 %7%7717<1

72171 1*11‘?—;1 %(76)91 CMP % 7114-?‘-‘51E'1:*1 ¢—._1?’%‘% 4‘ 91512 11% *%1‘%12EE, 3’3E1§1%L7c1°1 % 137113 ¢=l3J1E1EE11, C1173‘ 1:"

E, %fl’é‘E13Z— 711°1:(11)§ 1531 31: W11‘?! %(76)91 27377171 3.31/11173/Q 7%?/1%}91CMP% 311, 0139011 ‘£71191 011%}
71171 %7.1% $537115}. 73 1351-2173 °13?’— FL?-i%~E— E 8011 1315191111.

@171 :r‘E%% 72171 13131 13+ %x‘4’.>lB1:'7.1 711°1E(11)91 7117-173: 31%?-’1E% “1!:7J%E1/E171 E1171 p+ %E1’§E1~E’- 71°15
(ll)? ‘é‘°1Rl—‘& 5113 71013 =3-7\1°1E(15) 91 11217711 X1171-E151. @171 31% *3:/’\1°1E*?: 7117101:-%%1, @171 1111 E191 §‘—’1

(76s)% E1121? ’2}71 711°1l=1 w'°r75i711 %(75)91 C‘4l1j"’E’°1 EE?I>‘_1 71171551121. E 9% /2171 "1fi:17171171QZs1 @171 ?_1711%%

717Jn‘1—91 -?ZE%-2? E71513. %lEt11, 111%} %*i1(76s)°1 l:%§1°1 %l%:€_’- $91 01101 @131.
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Electronic Patent Application Fee Transmittal

Methods of Forming CMOS Transistors with High Conductivity Gate
Title of Invention: Electrodes

First Named Inventor/Applicant Name: Jongwon Lee

Filer: Grant J. Scott/Candi Riggs

Attorney Docket Number: 5649-2985

Filed as Large Entity

Utility under 35 USC 11 1 (a) Filing Fees

Sub-Total in

USD($)

Claims:

Description Fee Code Quantity

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Sub-Total in

Description USD($)

Post-AIIowance-and-Post-Issuance:

Extension-of-Time:

Miscellaneous:

Total in USD ($)
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Electronic Acknowledgement Receipt

8802913

Confirmation Number:

Methods of Forming CMOS Transistors with High Conductivity Gate
Title of Invention: Electrodes

First Named Inventor/Applicant Name: Jongwon Lee

Customer Number: 20792

Filer Authorized By: GrantJ. Scott

Attorney Docket Number: 5649-2985

Time Stamp: 17:29:20

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

PaymentType Deposit Account

Payment was successfully received in RAM $1090

Deposit Account 500220

Authorizeduser —
The Director ofthe USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Document Document Description File Size(Bytes)/ Multi Pages
Number Message Digest Part [.zip (ifapp|.)

145195

a71d61f987‘)25-1712873S14cd533438360c
03201

Transmittal of New Application Transmitta|.pdf

Warnings:

Document Description

Specification

762580
Drawings—on|y black and white line

drawings 7§47§§naafi8d7r11h§3176a§r1e§re73d6if
6d83a

382843

Oath or Declaration filed Dec|aration.pdf 1d5dd23L1d5lJL890744de99ei‘Z468uJ4d07
(389

Information:

315939

9fdded90db8900a4d00e1ca0637adb06:1 I

Multipart Description/PDF files in .zip description

Document Description

Transmittal Letter

Information Disclosure Statement (IDS) Filed (SB/O8)

Warnings:

Information:
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928939

Foreign Reference JP2002329794.pdf

Information:

1427763

Foreign Reference JP2005197748.pdf 0LLL4d7d719dur:9i64dLdIJL|349ed i750L,IL10
I)6b7-I

Information:

2410610

Foreign Reference JP2006351580.pdf 7db1f2de66527963af0853e88fc8b7e534(2
e76a

Warnings:

Information:

1858288

f9d55fc047cfD39bb2D23784n8S9fcc4bf117
9cI

Warnings:

Information:

732035

Foreign Reference KR1020060129959.pdf

Foreign Reference KR1020020075732.pdf ee49e0I379aZ8d79045ff6ac0c7f4(redb5a5
1469

Information:

1527323

Foreign Reference KR1020050073541.pdf 9(eCfl99b(9239 I 0 I96(3aa96afae36305S X‘
Ib8

863219

NPL Documents Steigerwa|d.pdf 083(c78a4725d3De30S9Sab0Zb16c019426
431 Id

Information:

Fee Worksheet (PTO-875) fee-info.pdf e9ae02a4343ffa3ae949ca256a7fa701515e

Warnings:

Information:

Total Files Size (in bytes) 13462157
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTOIS B/06 (12-04)
Date: 11/09/10 Approved for use through 7/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 1 2/942 763

APPLICATION AS FILED — PART I 10907559
(Column 1) (Column 2) SMALL ENTITY SMALL ENTITY

NUMBER FILED NUMBER EXTRA RATE (5)
BASIC FEE

N/A
(37 CFR 1.16(a). (b), or (c)) "A
SEARCH FEE N/A(37 CFR 1-1600. (I). W (m)) N/A

N/A

FEE (5) RATE (3)
N/A

FEE (5)

N/A

EXAMINATION FEE N/A(37 CFR 1.16(o). (D). or (q))
TOTAL CLAIMS
(37 CFR1.16(i))

N/A

INDEPENDENT CLAIMS
(37 CFR 1.16(h))

It the specification and drawings exceed 100
APPLICATION SIZE sheets 01 paper, the application size tee due is
FEE $270 ($135 tor small entity) for each additional

50 sheets or fraction thereof. See

(37 CFR Has» 35 U.S.C. 41(a)(1)(G) and 37 CFR

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.l6(j))

“ If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED — PART II OTHER THAN
(Column 1) (Column 2) (Column 3) sMAL|_ ENTITY SMALL ENTITY

CLAIMS HIGHEST
REMAINING NUMBER PRESENT

AFTER PREVIOUSLY ' EXTRA RATE (3)
AMENDMENT PAID FOR

Total
(37 CFR 1.16(I))
Independent
(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.160))

RATE (3)

I 
Minus X

<
I-
2
Lu
E
D
Z
In
E
<

O 21ADD'T FEE

(Column 1)
CLAIMS HIGHEST

REMAINING NUMBER

AFTER PREVIOUSLY RATE (S) RATE (5)AMENDMENT PAID FOR I I
Total

j
Independent
(37 CFR 1.16(h))
Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.l6(j))

AMENDMENTB |X
-I >I"

ADD'T FEE

' If the entry in column 1 is less than the entry in column 2, write '0' in column 3.
" If the ‘Highest Number Previously Paid FOI’ IN THIS SPACE is less than 20, enter '20‘.
"' If the ‘Highest Number Previously Paid Fof IN THIS SPACE is less than 3, enter "3'.

The ‘Highest Number Previously Paid For’ (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of infonnation is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete.
including gathering, preparing, and submitting the completed application fom-I to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form andlor suggestions for reducing this burden. should be sent-to the Chief Information Officer. U.S. Paten'
and Trademark Office. U.S. Department of Commerce, PO. Box 1450, Alexandria. VA 22313-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.


