UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/942,763 08/28/2012 8252675 5649-2985 2294
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 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 Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

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;

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.
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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.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Biocks 1 through S should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed lo the currenl correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specilying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certilicale cannol be used for any other accompanying
apers. Each additional paper, such as an assignment or formal drawing, must

ﬁave its own certificate of mailing or transmission.

20792 7590 06/22/2012
MYERS BIGEL SIBLEY & SAJOVEC Certificate of Mailing or Transmission
PO 374 I hereby certify that this Fee(s) Transmittal is being deposited with the United
BOX 37428 S(ljz(xites (zjstal Lﬁrviﬁe \\lligl squiScé%lllgpglsElggeggr first lt;lass mm'lbiLn an cnvelnqe
addressed to the Mail Sto address above, or being facsimile
RALEIGH, NC 27627 transmitted to the USPTO (571) 273-288S, on the date indicated below.
iDepositor's e
iSignatae)
(Distey
APPLICATION NO. FILING DATE FIRS'T NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/942,763 11/09/2010 Jongwon Lee 5049-2985 2204
TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 09/24/2012
l EXAMINER l ART UNIT I CLASS-SUBCLASS ]
BROWN, VALERIEN 2897 438-592000
1. Change of correspondence address or indication of "I'ee Address” (37 2. Tor printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys IMYERS BIGEL SIBLEY
[ Change of corres ndence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2 & SAJOVEC, P.A.
(1) "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed. -

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

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

Samsung Electronics Co., Ltd. Republic of Korea

. . . . . L R~ . . . R
Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity J Government

da. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issuc Fee (d A check is enclosed.
@ Publication FFee (No small enlity discount permitted) W] Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies & The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
. overpayment, to Deposit Account Number 0 - 02 2 O(enclose an extra copy of this form).

5. Change in Entity Status (from status indicaled abgv:)
Ha. Applicant claims SMALL ENTIHY statusgSe 37 CFR 1.27. o, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if requfired) 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  / (ﬁv / Date _July 24, 2012

Typed or printed name Granﬁ" ﬁ . Scott Registration No. 36, 925
7

This collection of information is reguirgd by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is tned by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complele, including gathering, prepacing, and
submitling the completed apptication form (16 the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require Lo complete
this form and/or sx:iggeslicms for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMIERCE
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Electronic Patent Application Fee Transmittal

Application Number:

12942763

Filing Date:

09-Nov-2010

Title of Invention:

METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY

GATE ELECTRODES

First Named Inventor/Applicant Name:

Jongwon Lee

Filer:

Grant J. Scott/Gwen Bailey

Attorney Docket Number: 5649-2985
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Suz-;'g(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1740 1740
Publ. Fee- early, voluntary, or normal 1504 1 300 300
NVIDIA Corp.
Exhibit 1002

Page 003




Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2040
NVIDIA Corp.
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Electronic Acknowledgement Receipt

EFS ID: 13321396
Application Number: 12942763
International Application Number:
Confirmation Number: 2294

Title of Invention:

METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY

GATE ELECTRODES

First Named Inventor/Applicant Name:

Jongwon Lee

Customer Number:

20792

Filer:

Grant J. Scott/Gwen Bailey

Filer Authorized By:

Grant J. Scott

Attorney Docket Number: 5649-2985
Receipt Date: 24-JUL-2012
Filing Date: 09-NOV-2010
Time Stamp: 10:32:18

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $2040
RAM confirmation Number 10996
Deposit Account 500220
Authorized User
File Listing:
Document o . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

NVIDIA Corp.
Exhibit 1002
Page 005




155658
1 Issue Fee Payment (PTO-85B) 5649-2985_FeesTransmittal.pdf no 1
671d15ac886a87f243b9f9e57¢702bc513¢|
Warnings:
Information:
32380
2 Fee Worksheet (SB06) fee-info.pdf no 2
9e9ecd7¢186117b4ba873376afe36¢76460)
eedde
Warnings:

Information:

Total Files Size (in bytes):i 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

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/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 DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

20792 7590 06/22/2012 I EXAMINER |
MYERS BIGEL SIBLEY & SAJOVEC BROWN, VALERIE N
PO BOX 37428

I ART UNIT PAPER NUMBER |

RALEIGH, NC 27627

2897

DATE MAILED: 06/22/2012

APPLICATION NO. FILING DATE FIRST NAMED 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 ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1740 $300 $0 $2040 09/24/2012
THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

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

A. If the status is the same, pay the 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
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f 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.

II. 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.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (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

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

20792 7590 06/22/2012
MYERS BIGEL SIBLEY & SAJOVEC Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
PO BOX 37428 States 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 facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED 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
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 09/24/2012
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
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
CFR 1.363). ol - 1
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. ; . . 2
(2) the name of a single firm (having as a member a
[ "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies [ The 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)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e 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 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
submutting 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 toage Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, AIexand%'ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/942,763 11/09/2010 Jongwon Lee 5649-2985 2294
20792 7590 06/22/2012 I EXAMINER |
MYERS BIGEL SIBLEY & SAJOVEC BROWN, VALERIE N
PO BOX 37428
RALEIGH, NC 27627 [ axrowm PAPERNUMBER |

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 O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

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

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

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

Page 3of 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.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

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

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

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.

NVIDIA Corp.
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Application No. Applicant(s)

. . 12/942,763 LEE ET AL.
NOtlce Of AIIOWabIIIty Examiner Art Unit
VALERIE N. BROWN 2897

-- The MAILING DATE 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. [X] This communication is responsive to 02/28/12.

2. [] 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. X The allowed claim(s) is/are 1-5 and 21-30.
4. [[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[J Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [] Cetrtified copies of the priority documents have been received in Application No.
3. [ 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. [] 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. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ 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 front (not the back) of
each sheet. Replacement sheei(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [] 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. [J Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance
of Biological Material
9. [ Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120612
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Application/Control Number: 12/942,763 Page 2
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REASONS FOR ALLOWANCE

1. 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
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
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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.
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Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 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. Toledo/
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, Valerie N

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 layer on the buffer gate electrode layer, said

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

materials gate-insulatinglayer,

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;

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 019




Inre: LEE et al.

Serial No.: 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
first-and 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 saic-filling-a-space-is-followed-by-a-step-of

N - alalkda¥aWa Ilfaalaa a) ' O-QXNHAOSA aYalailaValla a¥a aala ar-on-he
’ y wAw waw > " v

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

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

hafnium oxide the
materials.

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

electrode and-the-dummy-fillerlayer comprises polysilicon.

5. (Currently amended) The method of Claim 1, wherein the said-ferming-a
+gate-electrode-on-the-gate-insulating-layeris-preceded-by-forminga buffer gate
electrode comprises cemprising titanium nitride or tantalum nitride en-the-gate-insulating
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 Yeh et al. and U.S.
7,871,915 to Lim 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 Yeh 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, Lim 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, Lim 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 Lim 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 Yeh et al. nor Lim 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 sybmitted,

Grapt 4. it ,
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

| 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.

Mgy Bl

Gwen Bailey U

#1126912
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2.0 Certified copies of the priority documents have been received in Application No. ___
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DETAILED ACTION

Claim Rejections - 35 USC § 102

1. 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 122(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, 2, and 6 are rejected under 35 U.S.C. 102(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 (110)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 (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 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 7-15) 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
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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 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. 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(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 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 114 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 pattern 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 form a second trench. 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.

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 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,
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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-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
01/13/12

/HA TRAN T NGUYEN/

Supervisory Patent Examiner, Art Unit 2829
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application not more than three months prior to the filing of the information disclosure
statement; or

] 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; or

[J(2 The fee setforth in §1.17(p);
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Inre: Lee et al.

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

[ 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
both of the following:

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

[] 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; or

[ 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; and

] (2 The fee setforthin §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(b).

[] 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; or

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.

Respectfully) submitted,

Customer Number 20792

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

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

| 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 December 28, 2011.

(}MM//{& R. c%ﬁ/(jg{)g

Name: Gwen R. Bailey
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Complete if Known
Application Number 12/942,763
INFORMATION DISCLOSURE Filing Date November 9, 2010
STATEMENT BY APPLICANT First Named Inventor Jongwon Lee
‘ Art Unit 2829
(use as many sheets as necessary) Examiner Name Valerie N. Brown
| Sheet [ C1 [ of [ C1 Attorney Docket Number 5649-2985
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No. Number-Kind Code (Fknown) MM-DD-YYYY Applicant of Cited Document Relevan; Passages or Relevant
igures Appear
1.1 US- 8,039,381 B2 10-18-2011 Yeh et al.
FOREIGN PATENT DOCUMENTS
Examiner | Cite No. Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines,
Initials* MM-DD-YYYY Applicant of Cited Document | Where Relevant Passages or
Relevant Figures Appear
Country Code, Number, Kind Code (if T
known)
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, T
Initials* No. serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.
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Electronic Patent Application Fee Transmittal

Application Number: 12942763

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

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz-;'s(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
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Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Miscellaneous:
Request for continued examination 1801 1 930 930
Total in USD ($) 930
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Electronic Acknowledgement Receipt

EFS ID: 11720465
Application Number: 12942763
International Application Number:
Confirmation Number: 2294

Title of Invention:

METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY

GATE ELECTRODES

First Named Inventor/Applicant Name:

Jongwon Lee

Customer Number:

20792

Filer:

Grant J. Scott/Gwen Bailey

Filer Authorized By:

Grant J. Scott

Attorney Docket Number: 5649-2985
Receipt Date: 28-DEC-2011
Filing Date: 09-NOV-2010
Time Stamp: 15:50:05

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $930
RAM confirmation Number 2113
Deposit Account 500220
Authorized User
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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160277
Request for Continued Examination 5649-2985_RCE_Transmittal.
1 no 1
(RCE) pdf
1f5d6ec93032e0a0ee56047¢57810a16264,
Warnings:
This is nota USPTO supplied RCE SB30 form.
Information:
303608
2 5649-2985_IDS.pdf yes 3
6e486052fd8be3e90b8d6fbff3d55b5eled
8c2d
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 3
Warnings:
Information:
30753
3 Fee Worksheet (SB06) fee-info.pdf no 2
3eec8aa%90a258860b2b93f37db14a13c90f!
Ob4d
Warnings:
Information:
Total Files Size (in bytes):i 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

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/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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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. 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.

* 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 For” IN THIS SPACE is less than 20, enter “20”.
*** 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 number found in the appropriate box in column 1.

Legal Instrument Examiner:

/AJAY R. DAVID/

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Dodket Number |~ Filing Date
Substitute for Form PTO-875 12/942,763 11/09/2010 | [ To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY [] ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
[] searcH Fee
| ___(37CFR1.1609 () or (m) N/A N/A N/A N/A
D EXAMINATION FEE
(37 OFR 1.16(o), (p), or () N/A N/A N/A N/A
T e | X - o EEE
INDEPENDENT CLAIMS ] N ~ ~
(37 CFR 1.16(h)) minus 3 = X$ = Xs$ =
If the specification and drawings exceed 100
m sheets of paper, the application size fee due
ASF;PCL’_lgﬁUSN SIZE FEE is $250 ($125 for small entity) for each
( 18(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= 12/28/2011 AFTER PREVIOUSLY EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
E AMENDMENT PAID FOR
s ;I'?;?\ (37 CFR <19 Minus | = 20 -0 X$ = OR | x $60= 0
3 .
4 E BE minus | 3 -0 xs < OR § X sesor 0
<§( l:l Application Size Fee (37 CFR 1.16(s))
p—
D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TTOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE (8) | Feg (g RATE ($) FEE (9)
— AMENDMENT PAID FOR
E If’e‘g‘j (37 CFR . Minus | - Xs = orR | xs =
= e - Minus | = - Xs = or [xs =
E I:l Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

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 1.14. 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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

20792 7590 09/28/2011 I EXAMINER |
MYERS BIGEL SIBLEY & SAJOVEC BROWN, VALERIE N
PO BOX 37428

I ART UNIT PAPER NUMBER |

RALEIGH, NC 27627

2829

DATE MAILED: 09/28/2011

APPLICATION NO. FILING DATE FIRST NAMED 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 ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1740 $300 $0 $2040 12/28/2011
THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

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

A. If the status is the same, pay the 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
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f 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.

II. 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.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (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

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

20792 7590 09/28/2011
MYERS BIGEL SIBLEY & SAJOVEC Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
PO BOX 37428 States 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 facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED 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
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 12/28/2011
| EXAMINER | ART UNIT | crasssuscrass |
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
CFR 1.363). ol - 1
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. ; . . 2
(2) the name of a single firm (having as a member a
[ "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies [ The 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)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e 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 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
submutting 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 toage Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, AIexand%'ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/942,763 11/09/2010 Jongwon Lee 5649-2985 2294
20792 7590 09/28/2011 I EXAMINER |
MYERS BIGEL SIBLEY & SAJOVEC BROWN, VALERIE N
PO BOX 37428
RALEIGH, NC 27627 [ axrowm PAPERNUMBER |

2829

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 O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

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

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

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

Page 3of 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.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

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

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

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.

NVIDIA Corp.
Exhibit 1002
Page 056



Application No. Applicant(s)
. . 12/942,763 LEE ET AL.
NOtlce Of AIIOWabIIIty Examiner Art Unit
VALERIE N. BROWN 2829

-- The MAILING DATE 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. [X] This communication is responsive to 09/09/11.

2. [] 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. X The allowed claim(s) is/are 1-20.

4. [[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[J Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [] Cetrtified copies of the priority documents have been received in Application No.
3. [ 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. [J 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. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ 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 front (not the back) of
each sheet. Replacement sheei(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [] 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. [J Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ Other .
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REASONS FOR ALLOWANCE

1. 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 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, 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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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
09/22/11

/HA TRAN T NGUYEN/
Supervisory Patent Examiner, Art Unit 2829
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Attorney Docket No. 5649-2985 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre: LEE et al. Confirmation No.: 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 11, 2011 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 the 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. (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 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. (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.

S. (Original) 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. (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 gate electrode.

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/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 regions,
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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 dummvy 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 laver to form the first metal pattern at the lower portion of the first trench, using

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

10.  (Canceled)

11. (Currently amended) The method of Claim 489, wherein the dummy gate

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

12, (Original) The method of Claim 11, wherein the dummy gate electrode and

the dummy filler layer are formed of polysilicon.

13. (Original) 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, (Original) 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.
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15, (Original) 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. (Currently amended) The method of Claim 489, further comprising:

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

17.  (Currently amended) The method of Claim 1089, 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 489, 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 +89, 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, 2011. In response to the Official Action, Claims 9, 11 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, Lim et al. (US
7,871,915) .

Claims 1-8 are Patentable Over Lim et al.

Applicants respectfully request reconsideration of the rejections of Claims 1-8 because
the subject matter of these claims is not disclose or suggested by Lim et al., as asserted by the
Official Action. In particular, Applicants respectfully submit that nowhere does Lim et al.

disclose or suggest, among other things, a step of “removing an upper portion of the first metal
£g g g p

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

independent Claims 1 and 8.

As.asserted 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 of Lim 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-metal
layer 246 of Lim 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 of Lim 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 by Lim 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 11-20 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 filler 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 recessing an upper portion of a covering metal layer.
Accordingly, Applicants submit that amended Claim 9 is patentable over Lim et al. and Claims

11-20 are patentable for at least the reasons that Claim 9 is patentable.

USPTO Customer No. 20792
Myers Bigel Sibley & Sajovec
Post Office Box 37428
Raleigh, North Carolina 27627
Telephone: 919/854-1400

. 919/854-1401

CERTIFICATION OF TRANSMISSION

is being transmitted via the Office electronic filing system in accordance with § 1.6(a)(4)
op September 9, 2011,

Kirsten Carlos
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U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE

Under the paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)

v FY 2009 5649-2985
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).)
Application Number 12/942,763 Filed November 9, 2010

For  METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE et al.

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):

Fee Small Entity Fee
One month (37 CFR 1.17(a)(1)) $130 $65 $.130
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Applicant claims small entity status. See 37 CFR 1.27.
A check in the amount of the fee is enclosed.
Paymeni by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

HOOOO

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 50-0220 .

WARNING: Information on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

| am the D applicant/inventor.

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 36,925

D attorney o nt under 37 CFR 1.34.
egisjration humber if acting under 37 CFR 1.34
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/ U'Gig/nature Date

Grant J. Sco 919-854-1400
174
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NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below.

Totalof 1 forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 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, 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.
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DETAILED ACTION

Claim Rejections - 35 USC § 102

1. 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 122(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 11-20); 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 106); 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. 1 block 114 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

1. 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.

2. Claims 2-4, 8, and 10-18 are rejected under 35 U.S.C. 103(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
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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(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. 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 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 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 8:00am-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-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 Brown/
Examiner, Art Unit 2829
05/07/11

/Ha T. Nguyen/

Supervisory Patent Examiner, Art Unit 2829
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8. US- 6,696,345 02-24-2004 Chau et al.
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22. US- 6,974,764 12-13-2005 Brask et al.
23. US- 6,998,686 02-14-2006 Chau et al.
24. US- 7,022,559 04-04-2006 Barnak et al.
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27. US- 7,060,568 06-13-2006 Metz et al.
28. US- 7,064,066 06-20-2006 Metz et al.
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48. Us- 7,176,075 02-13-2007 Chau et al.
49, uUs- 7,176,090 02-13-2007 Brask et al.
50. Us- 7,180,109 02-20-2007 Chau et al.
51. uUs- 7,183,184 02-27-2007 Doczy et al.
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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 incorporated 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 gaté 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
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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 illustrate 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-sectional views illustrating a method for manufacturing
a MOS transistor according to a first embodiment of the inventive concept; and
[0009] FIGS. 18 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-sectional 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 14 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 10. 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 concentration of about 1x10" ea/cm® ~ 1x10'® ea/ cm®. 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 1x10"* ea/ cm® ~ 1x10'® ea/ cm®. 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-k 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. |

[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 1x10"* ea/em® ~ 1x10'° ea/em®. 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 1x10" ea/cm® ~ 1x10'® ea/cm®. 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 1x10'® ea/ecm® ~ 1x10"7 ea/
cm’. 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 1x10'° ea/ cm® ~ 1x10'7 ea/ cm®. 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.

[0023] 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 insulating 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.

[0027] 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 a.nd 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 layer‘38 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
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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 the
contact hole.

[0034] FIGS. 18 through 37 are cross-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/cm?® ~ 1x10'® ea/cm?®. 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 1x10'?
ea/cm’ ~ 1x10' ea/cm®. 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.
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[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 hafniumrkoxide, 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 ~50A. 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 1x10" ea/em® ~ 1x10'® ea/
cm’. 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 1x10" ea/cm® ~ 1x10'® ea/cm®. 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 be formed by a self-alignment method. The self-alignment method may comprise

NVIDIA Corp.
Exhibit 1002
Page 164



Attorney Docket No. 5649-2985

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 1x10'® ca/em® ~ 1x10'7 ea/ecm®. 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 1x10'° ea/em® ~ 1x10'7 ea/ecm®. 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 pefformed 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
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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 A.

[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
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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 may be 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 ‘
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
formed 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 maximum extent allowed by law, the scope of the inventive concept is to be
determined 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.
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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.

7. The method of Claim 5, wherein the first metal layer comprises titanium

nitride.

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
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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 (ransistor, 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.

11. 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

" 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 a 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.
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

As a below named inventaor, [ 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 CONDUCTIVITY GATE ELECTRODES, the specitication
of which

is attached hereto

OR
[] was filed on as United States Application No. or PCT
International Application Number and was amended on ______ (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.E.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. § 119(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 breeder's rights certificate(s), or any PCT international application having a
filing date before that of the application on which priority is claimed.

10-2009-0121108 Korea 12/08/2009 ~ B ves (O No
Number Country MM/DD/YYYY Filed Priority Claimed

[J Yes [l No

Number Country MM/DD/YYYY Filed Priority Claimed

[ Yes [ No

Number Country MM/DD/YYYY Filed Priority Claimed
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DECLARATION AND POWER OF ATTORNEY —~ CONTINUED

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional
application(s) listed below.

None

Application Number(s) Filing Date (MM/DD/YYYY)
.ottt o i SO RO |
e e S

Application Number(s) Filing Date (MM/DD/YYY Y)

I hereby claim the benefit under 35 U.S.C. § 120 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. Filing Dale Status

Patented/Pending/Abandoned

e e e eSS T |

Application No. Filing Date Status
Patented/Pending/Abandoned

I hereby declare that all statements made herein of my own knowledge are true and thal all
statements made on information and belief are believed 10 be true; and further Lhat 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, 1 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

I hereby authorize the above-named attorneys to accept and follow instructions from my Korean
or Uniled 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 above-named attorneys and myself. In the event of a change in the persons from whom
instructions may be taken, I will notify the above-named attorneys.

Send correspondence to: Customer No, 20792
Grant J. Scotl
Myers Bigel Sibley & Sajovec, P.A.
P. 0. 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: Jongwon Lee
~
Inventor's .
Signature: %M Date: /0// 7 /3’0 /9
Residence: 401-1003, Solbit Maeul Gyeongnam Anusvill Apt.

Bansong-dong, Hwaseong-si
Gyeonggi-do, Republic of Korea

Citizenship: Republic of Korea

Mailing Address: Intellectual Property Team, Samsung Semiconductor
Samsung Electronics Co., Ltd.
San #16, Banwol-Dong, Hwasung -City
Gyeonggi-do, Republic of Karea, #445-701
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Full name of second inventor:

Inventor's
Signature:

ga”/xypm

Boun Yoon

Date: /f«#; Ot Fole

Residence:

Citizenship:

Mailing Address:

ST 0INIgIB3144

119-902, Banpo Raemian Apt.
Banpo 2-dong, Seocho-gu
Seoul, Republic of Korea

Republic of Korea
Intellectual Property Team, Samsung Semiconductor
Samsung Electronics Co., Ltd.

San #16, Banwol-Dong, Hwasung -City
Gyeonggi-do, Republic of Korea, #445-701
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Full name of third inventor: SangYeob Han
Inventor's 5 ;/ ’
Signature: C2M*E MA/{W Date: @/ (9] »019
[
Residence: 602-601, Ggum Maeul Hyundai Apt.

Pyeongchon-dong, Dongan-gu, Anyang-si,
Gyeonggi-do, Republic of Korea

Citizenship: Republic of Korea
Mailing Address: Intellectual Property Team, Samsung Semiconductor
Samsung Electronics Co., Ltd.

San #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 fourth inventor: Chae Lyoung Kim
Inventor's %
Signature: f? Ry Date: (0/(9 ) D 0(0

S ~7
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., Ltd.
San #16, Banwol-Dong, Hwasung -City
Gyeonggi-do, Republic of Korea, #445-701
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Attorney Docket No. 5649-2985 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre: Lee etal

Application No.: To Be Assigned

Filing Date: Concurrently Herewith

For METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE
ELECTRODES

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

listed foreign patent document and/or non-patent literature. A copy of any listed U.S. patent and/or

of any
u.S.

patent application publication is not provided herewith in accordance with 37 C.F.R. § 1.98(a)(2)(ii).

Xl In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed:
X (1) within three months of the filing date of a national application other than a cont

prosecution application under §1.53(d);

inued

[](2) within three months of the date of entry of the national stage as set forth in §1.491 in an

international application;
] 3) before the mailing of a first Office Action on the merits; or

] (4) before the mailing of a first Office Action after the filing of a request for continued

examination under §1.114.

[] In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed
period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under
notice of allowance under §1.311, or an action that otherwise closes prosecution in the application,
accompanied by one of the following:

] (1) The statement specified under 37 CFR 1.97(e), as follows:
[T] Each item of information contained in the information disclosure statem

after the
§1.113,a

and is

ent 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 disciosure

statement; or

] 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 in
disclosure statement; or
[1(2) The fee set forth in §1.17(p);

formation
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Inre: Lee etal.

Application No.: To Be Assigned
Filing Date: Concurrently Herewith
Page 2 of 2

] 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
both of the following:

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

[] 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; or

] 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; and

[ (@) 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(b).

[] 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; or

X 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.

Respéctfully s
Grant .
Regigfration No. 36,925

Att

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

| hereby certify that this correspondence is being transmitted via the Office electronic filing system in
accgrdance with 37 CFR §,1.6(a)(4) to the U.S. Patent and Trademark Office on November 9, 2010.

il K

Name: CandiL. Riggs | /(/
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Complete if Known

Application Number

INFORMATION DISCLOSURE Filing Date
STATEMENT BY APPLICANT First Named Inventor Jongwoo Lee
Art Unit
(use as many sheets as necessary) Examiner Name
Sheet | A1 [ of [ A1 Attorney Docket Number 5649-2985
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No. NumberKind Gode (i known) MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Figures Appear
1 US- 6,673,134 B2 06-03-2003 Ma et al.
2 US- 7,056,794 B2 06-06-2006 Ku et al.
3 US- 7,153,734 B2 12-26-2006 Brask et al.
4 uUs- 7,157,378 B2 01-02-2007 Brask et al.
5 US- 7,390,709 B2 06-24-2008 Doczy et al.
6 US-  2006/0278934 A1 12-14-2006 Nagahama
US-
Us-
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines,
Initials* No. Gotntry Gode, Number, Kind Gode (f MM-DD-YYYY Applicant of Cited Document | Where Relevant Passages
known) ! ! or Relevant Figures Appear | T
7 JP 2002-329794 11-15-2002 Sharp Corp. T
8 JP 2005-197748 07-21-2005 | International Business T
Machines Corporation
9 JP 2006-351580 12-28-2006 Sony Corp. T
10 KR 1020060129959 A 12-18-2006 Sony Corp. T
11 KR 1020020075732 A 10-05-2002 Sharp Corporation T
12 KR 1020050073541 A 07-14-2005 International Business T
Machines Corporation
NON PATENT LITERATURE DOCUMENTS
Examiner | Cite Include name of the author (in CAPITAL LETTERS), titie of the article (when appropriate), title of the item (book, magazine, journal,
Initials* No. serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published T
13 Steigerwald, Joseph M., "Chemical Mechanical Polish: The Enabling Technology," 2008
IEEE, pp. 37-40
Examiner Date
Signature . Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.
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Searching PAJ HIOIXI 1/ 1
PATENT ABSTRACTS OF JAPAN
(11)Publication number : 2002-329794
(43)Date of publication of application : 15.11.2002
BG1DInt.Cl. HO1L 21/8238
HO1L 21/28
HO1L 27/092
HO1L 29/43
(21)Application 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)Abstract:
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 s s 7
an n—well 14 and a p—well 16 in each device region, a T ) - 5 5.
process for forming a gate oxide and depositing a dummy \ ' 2y 4 g

' 4o, %?'6’%? %&Wﬁ %

gate in each n—well, p—well, a process for forming a fe

source region and a drain region in each n—well, p—well

by ion implantation, a process for removing dummy gates '
and a gate oxide, a process for depositing a high k
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.

http://www19.ipdl.inpit.go.jp/PA1/result/detail/main/wAAAK6aOQoDA... 2010-07-

19
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(19) BAERK#T (JP)

WABFRBEFEAE®W

ADSRHERANR S

45882002 —329794
(P2002—329794A)

3)/PAE  ERR144E11H15H (2002.11.15)

(51)Int.C17 AR FI F-a-b(B%)
HO1L 21/8238 HO1L 21/28 301R 4M104
21/28 301 27/08 321D b5F048
27/092 29/62 G
29/43
EHFER KRR #REOKLT OL (& 7 B
1) HEEE #2002~ 75150( P2002 —75150) (7T1) A 000005049
vy —THAatt
(22) e IEpK144E 3 A 18 H (2002. 3. 18) KIRFEA R I BF K BT 22822 5
(1)REIF YoVar <
GDEEERRES 09/817, 834 FAULARE Tk 08683,
(32)#%:H WRR134F 3 H27H (2001. 3. 27) No—N—, IAL— 24F4—IA
@)EHERE  KE (US) F DxA 18311
(1)RWE 3> F/
FAUKHERE U 98607,
FARA, IXFTYa— UFs—I
145 Y—o)N 252
(74)fRELA 100078282
St (LA HEK
BHEICE
G4 [(HHAOHRK] T T NAZ Y =K CMOSTFNA ABIUEOMEHE
7 [349) (IBIEA) bU0S NNOS 2
[3EE] KUY aviky— FEBCRLRL, B 48

I OEHEEDH 2 CMO S FN A A %R T 5,
(RRFB]  Fa7Ia 25— CMO SZRGEY
BHEG, VY A EREFELT, £hThAiny =
W14k kUp U=l 1 6%ELTINA AERELKY
B2TREE. ¥ MEBCS - PR EEEL. nY =
W LU Y2 VOB NBhIERY — FZHET LT
B, AFVEFEALT, nY =L p U= lOX
h&hicy — A LU F L A CEERRY 5T
&, BiY - b LUy - FRUMLERES 2 THE,
7 MR K AR 3 8 BMHEY A TREL, DU
DT — FERICE 1 DA 2V 4 22 HET HTIRE
nY B LU p Y 2 WDZhZhOY— FMEBIKHE 2
OARVA AZHET HIHRE, ERIBCL-TES
hAME2IGL, SREROBRRE TS TIEL2EE
ER
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N0 100044707, //

" >;;“\\ G NN \u\,\\y/)
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(HFFamsR O ]
(3RE1) Fa7hARVF—1FCMOSEEET
BHEETHHT,
a) VVarEREFELC, €hehdPny bl

LU DY 2 VBEGL TN AFEBERN S 5L &,
b) &— MEE S — FEHMEMEERL, #n vl
BEUHp = VOThZBhICERY — P 2HETS T
02N

c) AFUEFEALT, #FEnvabBLU¥D U=
D&Y B LU F LA UEBEBRT 5
TFEE,

d) BEERS—FsLURY - FRMERETSLT
e

e) Y- MIRCEHKREELMETITESE,
£) oY= IOT — FMEBRICE 1 O A OV EREHE
THIREL,

g) FnvalBLU¥Ep Y= LOThThOHES —
FEEIRICHE 2 DA RV EHEET 2 T E .

h) #I#a) ~g) K-> TEBhLEEEMG
U, BREOERZTIATERELZEET S, Aik
[fk1E2) piEtEMRY — P 2HETA2TED) &,
B 21 50 nm~5 0 0 n mOMOE S CHERE
THRTEEZEET D, FRE ] KIEBOHE.
(#RkE3 ] wiggEdy - F2HEETAIHED) &
Si,N,ZE3 2 TIEEEET 5, $5KE2 CEBO
Fik,

(3:RTE4 ] BiEMET 3T d) ORfEMLE2
WEITATHEZILEEL, TRLMBOESE, BT
EEHRY — FOEIOHN1. bfE~2. 0fEOMTH
%, FRIE 2 I ERBOHE,

[36°RTED ] BiECHE kAPEMEHET 2T e) & H
fO,3LVZ 1O, oMM HBIRINSHK
HRIZHERT A TREE2EET 5, §RkE ] Ko
e

[3RkME6 ] WEE kMR EHEET 2T e) W N
3nm~8 nmOEDEIKE kBl LHET 2 THE%
TET S, FRE 1 KERORE,

[8:k187) WiEsE 1O 2 NVEHETZITET)
W, BiE p Y = VORTEY — FMESE SN E—2 T,
FHEIOAZVERREL, 1O 0V ENE -
JU, FEIOAZNVEBRNC Ly FUUTETEE
WET S, B KRBORE,

(8KE8 ) BiRESB 1OAXNEHERETLTIES)
W, RS F N A ARISAECEE 1 O 4 2IVOBEHE
U, BFNA A\ IEENE—2 0 J LT, §idEEp U=l
DRFGERY — FEHAE 1 DA 2k » TERBETTER
AET 5, #RE 1 CREORE.

[3:RHQ) PBiESB1OAXNEMRETLZTES)
W, T9FFBIUL VDI ANBI B A RIVEINDR
RINBAVEHET S TRE2EET S, EELIK

@
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BEDTT .
(f5RE10] WIS 20OX 2V EHET 2 THEe)
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ARNVEHBIRIRI N2 A VAR T 5 T2 08T
%, FRIE 1 KEROAE.

(55kEH1 1) Fa?ARIVF—FCMOS %L
THHETH-T,

a) VUarEREFELC, ThZhMbn Y2l
LY e VBEEL TN, AFIRERT 2 THEL.
b) ¥ MEEICS - FEMEEERL, 91500
m~50 0 nmDOMOEIS i, N, BERMEIEHEES
ATHEEZMET S, EnU=lBLUHEd T = LDENH
BhicB#y ~ P RHETITEE,

c) AFURFEALUT, nYbBLU#p U=l
DENZTHhIY =~ A I LU F L A JHEIBETERT 5
THELE,

d) #225nm~1000nmOBOEICEILY
BEHET ATIESE,

e) FEWS - FRLUHYS - M EBRETS T
e,

) B - MEBCHRBEEEHET S LEL.
g) TIOFFRBIPALIVIADBIREAZVEDPE
BIRINBE 1 OA 2IVEED U 2 LOFES — MBS
HEES B LHRL

h) 7II=vA Vibazvis ®BYITFL, =F
T RUDA ELRYIABIUNT VY LANBLES
ARVEPHIBIRINBH 20 20 n U= Vs &
VEip W = VDZhBhOFY — HMERcCHET 218
&,

i) #Ifa) ~h) KL TELNDIHREEMIE
U, 2BEHROESREZ T2 TELETET S, HEk
(fkm12) wiEdmkibleidEidsTET) K,
Hf O, %LU Z r O, B 2MEENE BRI NhEE
kiRl EHET 2 TE2EET 5, HR0E 1 1 RO
Fitke

(FEkm13) wrEtEmkMElE2iEEs2THET) .
#13 nm~8 nmDMDFEIICH kiThl2HEEY 2 THE
BAETS, FHRKE 1 1 KEROHH.

(sRE1 4] BESB1OAXVEERET 5 TiEe)
W, BiEtp Y = VOFER Y — FEIRAE AN -2 T,
1O VEHEL, BHE1OAXNVENT-Z
U, FH1OAZVERIRMIC L y 70 VT 5TH%
WET S, FREL 1 CERBOAE,

(BRE15] WIS 104 VEHET ST )
W BRSNS A AR 1 OX 2IVOREHER
U, 35N AEBANZ -2 7 LT, i U=l
OFFEY — FMEBRNRE 1 OA 2IVh v TRET TE.
TETS, FEREL 1 KR0S,
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T,
PMOS F5 VA4 %BRT edDn =i é, N
MOS FI UV RAEBKT B1edDp T = VEEFT
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LTh i,

[0015) BisdEs 1 OX ZVEHTFET A ITHET) &,
TH5FFREIVA VTSI ADBIL DA RN HRERI
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(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 silicide contacts
with a gate region. A part of a substrate is exposed, by
removing a dummy gate structure and a sacrificial gate

(54) FET GATE STRUCTURE EQUIPPED WITH METAL GATE ELECTRODE AND SILICIDE

dielectric, and a gate dielectric is formed on the exposed ?1 13
part. A metal layer is formed so as to cover the gate T
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.
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(i 5 8 )

(oo0o01]

AW, ABELABCHBEAACEZACHEEENL, Method of fo
rming FET silicide gate structures incor
porating inner spacers]  BHIBZMHEFISO9—-2003-0
341DOHEMRTD %,

{o002]

AFEWHE, BHEELEEATASZ, FeaB7 - MERZAVEERECMO SERT
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NAZADHBEET %,

B D
[0003]

CMOSTFNALRADPNEEAEBIEDONT, CMOSTNRAADOTF - VEERDEET S
20A%N D FEBELEIA>TVS, Thickb, Y- FRAEBHEIZFLIHEAL
VRV aY s F—FHEEPLDO RN FPOEREEFELLAREL KTV S (K -
FFLw¥a YR (poly depletion effect) ELMIEhB ML) ,

{0004]

Hitlk, @B /- 2HLT, BV « F by vavHRegml, Bh Bz Wi
TRCLIEED, BERLEBINEZCMOS TN ADELRNEEREEZHBMHA LTS, BE 10
VERBY—FR, FAI - RYVYaY c F- b ERPIKEBRLERCBREL. TOME
KE&BYy— F2HE TS (E#Y — b (replacenent gate) | 70 Al &> THREN
5, @B — M@, n+/F - EEBLX T p+ Y- rHBOBBALCRIIEDDHD, T v
FR¥vyy FHEEBZETSE-OEBTHR TR TEE, Hd VI, B®RT— T
B, zhMgicn+RYYVYay - F—brBLUpt+tRIVTYVaY - F— IR EDTVE
MBIKMBYT?, Bt FHEBEE TS 2HEAOEBTHRISACLETES,

[0005]

HREMRo—ME LT, TIntegration of dual workfun
ction metal gate CMOS devicesl] &BTBLeeflidR
EEHFMESE2003,/01192928ki, @B/ b ERERTAZERS LT 2
EAREBBRENTVS, TOTBREATE, F—EYIFLERYYVIaY - F—FE2ER
LERIKBELT, B LY FHIRBZESKKL, TOMLVYFRENIVIEERZH
e, 2OBRCHAEZFEHLELTEES b eFRT S, COFHETR, 2EBHOHE L
OEBENECBZCEDPDB, FLOMER., VY~ MEEVEREIKHVWES (BARlKL-T
B70nmAEEE, FYSINVEPEBREVESCHEY) KL YyFOT AT FED
Kxlikhy, 2BHMIKEREZLECBC LA PLYFOREEMTICLHIBEH#RICES T L
NHBLTHD, HE2oMER., @BYHAAL X CGEEBLEHEMBE (CMP)

Y BT, ERBROEINIAE—-1thS (LEN>TEB—FOBEEELARE—-KKED)
FAYYYITHRPREELRT VWL TH B,

[(H#BHDOBR] 30
(REPWMRLES 2T 58HE]

[0006]

Fh, @BV EB EAZVVY A FEAZRB TR CLEEELY, LN T,
BENAETHDL, POI v EFyy TERY - FPBLU2@EBB S —MOBEAICEH
TRCENTESL, YIS FEARZBIATLEBYY - FCMOSTFNRAABRBRBELENT
W3,

(BEEMRT ZDDOFE]

(000 7]

EEPZ, BRI - MEEEETHAIXEERT NS AR T2 AERRMET ST L
K&y, LTROMBBRBEIZZ2DTHS, ARPOHF 1 OERICINE., COHBETR, 40
BHE, FNRNAADT—bHBFOMBERELT (Thbb, ¥I— - F—-rEEBX
VB  NFEGRE2PRELT) . ERO—-H22BEHEIYS, EROBHLEHESO L
KX - VFERZERL, Y1 FBRBLUCEBERMNRZES SIS KBR2ZTERT
s COEBRBIE. ThWFHELEL, TNARA - DaNEBI TSV raRBBICT S
TELETED, RVWT, CORBBEES> SOV VIAIVERZERT 5, COVYIYIAVE
E TS5V FNBIRTRCERTESE, RWT, FHELEEBZIYFNNv Y - TutRE
T, 2BEBICYVaVYEO—HAOEREL, BEAMNOLEEZBEMN L, 2RBE
BIUOYVaVyBEOMOBMOD Y~ FEBAKEB > CTHEURMNO LT LRA—-THEHEES
EEEETRE52KET %, RVWT, Y- rEROSBRBLEMULEY ) ¥ A FEAZEK
T 5, 50
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[{0008]

F—rEBO Fey VYA FERALE (Ni, Co, Ta, WEkiEMo) ODERH
HMEg, YU R oA Z2R2GF LY - bPEBRRBoTWVARHMIDOYY 2y
VUSSR ERBEBEECEBY VYA REERL, FHATOERAEZRITLUTHEERERLK
MHEO LHEZABHIEZ2LKE>T, VUVAFBAEERTZILENTE S,
[o0009]

XI— o = HBEORBREZ, EMHPEBEOBEHTINLERS ML YFORBREAKRT
TERNTER, LERS>T, Y- FEEREFERTIAT YT LYFOEENEDO
VEBBEERTBATySTLLYFOMBLEEBMERIN., YVaVYERBRT
BATYISTCHrNLVYFBRETIIhDZ, 0%, YVaryzZ2yIVy S FiciikblL T, LV
FRVIY AL RBETHREINZXS5KT S, 2BV RABELEOBTH>C., LV
FOEHOTF -+ EBEHKOLICH B,

[o010]
ARHOE2DERICINE, YF— R 22o00&BEZ2ERL, 22BY— MBS
PR T S, COHETR. F—r+EBEOSE 1 oBO»oHMEZBREL, 20%5 — ME
BOHE 2080 HBEEZBRELT., EROERTLEZPEHIES., EHOBHBLO L
K — B EBREERT . F— FEBRP2PESIOKEI1ID0EEBBIUE 1 DY
VEEBRL, FOBRCIhLELELLT S, H1LOEBEBO—WoA2BILT2, CORE
BILMEDR. F1LOSBBLE2OLBRBLEEZDET S, E202BBEBLUE20VY
AVEEER L, FOBINLEREELTE, RVT, ¥Y— PR, 1 02EES
FUEB20LBREMADOEHALEH D L BMTZ2UT A RBEEBRYT %,
[o011]

VUYL REAR, Y- MEBORMBL2EZESI>EIOYVaAVEEBKRL, 2O LIy
VYA RERALBOBAZHERBMEY., YIVA RET O RARETTEZ LI K> THER
THILETED, YIVARIETToLATR, E1BLUCE20YVaVEOE->TY
ZMoayrbCicEIOYIavEDOYYVaAYE, VIS AS FERAL2BEBODERBRLERE
E2BYVIVVALSERDPEREINS, RWVT, FHETo Y AEZEFTLT, FEAF RO LEE
BHER2, 2BREBIUVLBELYZHMONC Y- EELPLRELT, 2BEBB LU
tWEZBBETI2ZEARMBOLHEH IV LEERICLLETEDS, XRWVT, E30v Vo
VEBTCOMBERREL, BLEABLZOY I TS FRMEBEZRETSIESCT %,
(o001 2]

ARHOPOERICEINE, BERLEKSF—MEBEEETILER TN ADPREHEINS
o COFNAADT—rREHER, EROAER LD, 1 EBERS - TSR E2&BEMHR
F—hrEULTHEHETI S,

[RBAEEMT 2O ORBOERE]

[001 3]

CX— e RBYYVaAY b ARy EERECHEEL, V-RAEBEBLUTRLA
VHEBEER LERIERETSERY - Tu A0 —8E LT, AEHDOEGEEIC
DOVWTHBETE, 1 ~FE3B, ¥I— F— I+ EEE2RIBRRTH S, T OHEN,
APMBLERTI2ARPOEZMBEORBRLED, 1, p+tRVTYay - F—
F11BEUGn+RUIY YAy« F— L+ 1228CEEB100THMTHS, M1ICRT
51, n+HEEBS I p +HEBEEMLTVE, COFBBER., SRAMTNANASATHEYE
RonsBETHE, ChoDF—FEBEES XS5 CEEYW 1 3BXUHDPELY 1
ADBEHEBEIYLBCPEFEHALLTHSDOT, Y—bHE 1 1 BIXUT 1 2B3BHLTVS
o (AEWHOEMIBETIE, IVEVEETUEEZTS TP TER LS, BitYHER
141, BPSCTRALSHDPERILYTHACENFELYL, ) K2, ERH10LD
By - BB 15 LEERENMERTI— - F— 1 EB 1 1 BXT1 22 RTEFA
MERTH S, M3k, ¥43— - Ryvyay - F—roflozElki1 3B8ZTHD
PEBEEMIAZRITHAAWERTS %,

{001 4]
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XI— e P BIXUBHE - BEDERELEBZT, ThICKXKDELCEZRFLYSFH
KeBE (FEOHBEEEEBOFIOESRETS) ZHEEY, cobLbvyFe, B
— YL TVAREVWEY YAV ECHYAMHNTRET S, ik, REMTHEZ R ¥
VayvaEYYUY A FERERT. RBEY - MPOBRAZERTALETE S,
(o0015)]

UFTHEMcRRZ &5, 2BV —MEBR., Iv FFyy THEHBEFTZ 1 &
BY— b THoTh, nt+t¥— b p+ V- EBETHEBERPERS 2B —
FTHo>TH IV,

[0016]

H1OEMKE: 148 (single-metal) B#|H — b
fo017]

CORMBETIE., FI— - RYyyvY)yary - F—rHEE1I1BXUT122A-708X
THRETZH, BW1 3BLTRBILED]I AR TERRER2ATHAEREOFHER 0
CAERAVBCLENTES, COTORELATR., BHEBREYE 1S ZBHIE., T0O%,
COBLBRET S, COXSWCLT, EtHWoOMETI3a, 13be, HK1OBHAS
MO BDEEHEETBZINLYF200BRENE, BHLEERLEC, #HE o X ER
BERE O RAR &> TH By - FEBR252BRT 5, TOH. b YF OHIEE
BIXOFY—VHEBER]R252FY TSy ry bBELT, avIrs—<NViELBR2 6 2
HBER 2, B2O6DHRBIUEIR., YEBKIANOAET., MEOAHHBNED
N2EICBIREND, N4BIURSBRZINETN, 2EBB2 6 2 HBEIRLBOBED
EFHFAMARBIUBAAAFERTS %,

[00 18]

RNT, B26DO LI, F—E¥YFLTVWAEVSHERYVAVERLBTENVI TR -V
Vayo7lSyrybE3 1R, PLYF202RETHIORTHDEES TCHEIRS,
B310OHWBRHERE, BEEMN LV FREAMDPBELNZ IS CE RIS, flAE, KXY
VAVETENTIFRA VI AVYOREGHN, REMLLUTEELWEHEZFET S L
MEDoTWVBE, ROT, B3 1BIURB26%2#FFLLECMP THEHEHELL., BILYH
Bl AZBEEEHEY, PLYFREMOLEI3 1 aMBEYEK I 4R - FHKEXS
X5 d 3, tOEREBLALEER, K6 (EFHFANER) BIURT (MARKM@
®) KKRT,

[0019]

RNT., VIS FPOBRKBLEEBO7 SV bEA4 1 EHEHEIES (K8B &
UHE9) . cDOELBE., MZWCo, Ta, W, MoX/id (HELLWX) N1 TH%,
RNTYUH AR Tob X (FMEIUYENDH M) ZEITL. PLYFREMZ Y
UYL R5 1IiclEtdT 2, YFHAET oA RZE —FEALT, BEORNO LHEFE
BHEY2 (M1 O0OBLUK1I18B) . 25LT, #3— - F—rHEBERX, YUY AR
BEERBIAZISBY —FTEZHRZLNS (K3BXUKR1 18R) .

(00201

COTRERAR, WTHOBEDOIAF VI TFIRENEL, LER > TEBMMPAEST
HHRCLRHEMINBZTH? 9,

[o0021]

WoDEMKE: 248 (dual-netal) B#S — b
[0022]

COEMEETE, pHFI— - RyyVay - V- rEBEBITn+4I— RV ¥
Vay - F— L EEERWNAIKRETSOT, BELAEVADORYV YV I VBEOTAF Y
PEFIRENSH D, M1 2@, p+&X3I—F—+r11E2IAFYFL, n+X3I—
F—1 1 2BXU0CZ20 T 2B —rBEW1I5E2BREL, SATEHNLEZZEORH
BERLTWVWS, Chitdbh, ER1O—EOPBEHRLTVS, XRWT, 7537 v b
P EBERBTSAREERBHBEEY, 75V ryv L BB T 6EZTOLICHTETE
5 (K1 3B8W) .
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[0023]

MNT, R—EYILTVAEVWEFRYIVAVERRTENVI 7R - VaAYDT IV
FyrEB8 1Rk, B7T6DLCHBEIRYS, HF1O0RMPFELAKIC, B8 1 DMK,
EEAEFLYFREMDPBOND XSICERINS, RVT, COBERFHEHALTHI
— P F1 I EZEEBHEIE., REMS1IOLEES 1 alFdI—F—F11LA—F
Witk k5kd s, FHE oA, IAERYVYVaYy/ 7ENVI 7R -Vay
DCMPEHFV, 2OFEFBHEXRYVYVIAY - F— 1 10XEKBETZETELE
B7T6DOCMPRFS>%RE, 1ATF v TTHI>TENTES, HHWVWIR, FHETIB LR
B. Wz RYVYYVay  F—r110LEHSRBRERTOAETSZETRY YOV
STPENTI PR+ YVAVDODCMPEITV, ZOBREHBECEBRE VLA RITS> B L
V2ATFYTTHOICEETED, PHIELOBRIKLBELNAIBEZR 1 4ICRT,

{002 4]

RNT, TOEERSAFVYZL, p+EI—-RYyvay - F—1+r11E2BRETE
25T B, pHEFI—- KUYV ay - F—Fr1 1B, BoTWVWsHBHES— LY
15 HKKRETS, BEBLDZRET 2. Y FEGRBE 750, @BEOMEET
6 sEBEBOTVAEDLBET S, 15K, ThHDAT Y TZIFV, YAIBREL
NEBROKERTRT., SBMET7 6 sHPBHLTVWERZLREEEIAEZY,

[o025]

RNT, BEHMLEYYVaVYEBICHLTBET nEX 2T, BROBHE S LB
WMESs5EFRUL, RVYVaAY,/ T7ENIFPA Y VIAVES 1 DEWLEICHELYS 6
EERT B, cOBLTortARd, BHEENOIOOTCHEODRERY=—VYJ (RTA
) FEBODOT, @BET7T6OBEMEELCRBRILYBISAERENS (RI1 62M) o L
o T, 2&BY—FOTEHBYF—FTFBEARBS 8. HADXT v T THERENI
B758XUB85THEMEINS,

[0026]

KT, M1 TERTES Ik, B207 5V 7y &EBEI6RHBEIY S, ZhIH
DAFy TERBI., OS5V vy aRBBOLECE, F—¥YFLTVARWVWEHERY
VavEREBT7ENTI PR VA VORBI I DHBIETCHS, RVWT, TOEEEF
HEL, 18 (EFFmMHEN) BXUR19 (BArAakmM) KrdHEeEs. K
18 BIXUR19OZZFNFNMN2BIXUR3 LT RE, ¥X— - F—bBXUCEHRYS
— +EBIEMY., Y- NEEBEZFOT KA 2EBY—FTEHEHBZONLT VBN
DB,

([o0027]

RNT, TwFNAwY - FurA Ty, Y—rEE2SLEWER 1 3L UBLYE
W14k EBERE, EAMKCIE., YVaVESIBLIUI 1 2BIEWM1I 4XDEEE
¥, 2BBIEWOISLL2BEREBT6RIUVIGERPVYIVIOVESIBIU9 1 KDEEEYE
L, MEEZLRANOL K, FHTEZ 2 YyF VY« Tuob ARV Do>hEILN S,
IvFNY Yy - TObAEFoRERZR 20 (EFHFAMKERK) BXUR21 (AR
WERE) ERT,

[0028]

RNWT, SHREVVAVDT STy bVERERESR T, 22BY—rOLICHEENE
YUavE9ISEEKRTS (K22) ., COBERIEHDBVIECMP (B ZEALD
HAY) Ko THHALL, EWBEI3IBIUVRBRILMBE I 4A2EFEEEHI®Z, TOH
BELChI2EELZM 23 (EFAAMER) BLUK24 (BARAKER) KR, TO
HET, 22B YR, 2OLHEAABOEEAMELA—-THTHS VY aVHEERE
DELSEBATVS (K248l 1 9EHBEIREZY)

{o0029]

KNT, YVUSASA RERASGBO TS Yy FPEL1O 1 ZCOMEDLICHBEIE S,
ZDEBE. Co. Ni, Ta. WEXBMoDWThHMKT B ELHATEBHN, Ni T
HBICEMFELY, RWT, YUPALRETOoAEGFWV, B1O0O1HFOEL£RBLEEI 8
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FOYYVavetrlsrwy b UT AL RB1I1IO0OERBRT S, RVWT, YUYV AL RELL
O FHIALT, EtWE 1 3 BIUHBLLYBI4AZEEBHIYS, ZOHERLNS
BErR26 (EFAHAFER) BXURK27 (BMARMEER) KRT,

{0030]

FETHBLE—HOZATFTy S (TS y VEOHREE, ZOBROEHELERLE T Y
FNw ) iE, PLYFEIM7TO0OnmUTTHE2LETCES N EDBMLYF (T4
bbb, WHTA2E{LWHE13a, 1 3bHOEM) 2RETIZDCHENTHBC LIZH
MENBTH59,

{0031]

COERBETR., YIVAS FEAZHEIAL28BY - FBEE2ERT S, £/, €D 10
BECEkYIFyy TRZHRIZ L, GBRERI VIV A PEEEZREET LT =2V
VI BRFTICENTEBIDTCEHENTHS, (HFELVWVERBEETE., YUY A FRENILS
i, ThHO, 72—V VP @I+ —3I0 T HAPTHI, EWFr v IRHIZHEK
., 400COD7 34—V F ARRATCT ==V VI %2F2E, @BV — b5 — MBI
MOMORXRDNEEHZREL, LEVWEBEOY 7V RBILT R ENTES, ) £k
FroSE120@, 28 (EFFMHER) BLUK29 (HAAKERK) KRT &
STV FBLELLTHRBEIRECLENTES, BHAVE, YUV ALAFRELL1OEE
FET (K308KB, a7 IhiZY) | B 1 200 Cc0@EAZHLT IS
T3t TEs (K31) o ROT, ELWE1200, YUVA FEROLELD S
WMOHSRTFIEBE IS, EEWEL 20E2FHELTZCENTES (K32) o RWVWT, 20
EMFr v TH, 22BY P BXUYIVI A RERARIRHLTEVITIA VT 5,
[0032]

REOEMBEBICHEBELTARHIKODVWTHBELEDY, fiRd0oFHPREALT., ZHOR
B, BFTREBLICEERENYEECIHAOHLTHEZCLEHATHS, Lizho
T, AFPR. 2RPOMABICBELRLCRBEZOFHFAROHEHMAICEENZ TO
IO TOREBERE, BEYESIUEERREEZTLSTELDLT S,

[ B oD f B 7% Bt HE ]

[o033]

[M1) n+ RV VYV avEEBEICp+RIVVaVHEEBEEZETLIRENEZCMO SH
- - EBEERTHBTERKTS %5, 30
(K2l R1OF—+EEBZ2RIEFAABEBRTH 5,

(K3 KW1oY —+EEZRIBEIARBFERTS S,

[K4) AEBPOE1OEHRBEBICIEZI VY EFyy TERT— b - T AkBiFd1
A7y T ERTEFHFANEHETSH %,
(K5] REHOFE 1 ORMLERICKS
ATy TERIBAHAAHERTD 5.
[R6) AXKBEOHE 1 OEHMBEICEIBZIY RFyy TEHRY —F - TutRiBT 3]
DIATFYyTERITEFHFEANBERTS S,

(M7 AHBHOF 1 OEMBRICEBIYy Ry y 7EBRS—F - ot Xickid 3l
DIATYyTZRIFAMBERTS %, 40
[M8)] AXKBEOE I DEMBEBILIZIVv FFyy TERT— b - 70X XEBIF 30
DIATY TR RIEFHFAFERTH %,

(M9) AHKHOFE 1 OEBHEILIZIVEFyy PTEBRY—b - Tu AR BIT 35
DIATYyTERTHEARBERTS %,

(10 ARBHOE 1 OEMBEBICELBIy FFyw FTERT b - TukRicB 3
SHIPADIATFYy PERTEFAMBERTS %,

(K1 1) ARKREOH 1 OERMBECEISZIy Ry w BB - - TRt 3
EHLIEHDI ATy PERITESAKERTD %,

(K1 2) AXKBHOBE 20 ERBRBICELZ 28BEMY — b 7Ttk AkBF %1 AT
TrRTHBXTH S, 50

F¥yy STEBS—F - oA REBT S 1
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(K13) ARBAOE2OEMBEICLZ 2EBEMS —F - TutAKBIS1 A7y

TERTHMBEKTDH %,

(K14 ARPEOE20EMBRICEIZ28BBHY - - TobAkcBF31 A7y

TERITBMBERTD 5.

(K15)] ARPOFE2OXRMBEICKZ 2EBEBRS —F - TutbtARKBIBZ1 ATy

TERTHBRTH %,

(K16) AKBOFE2O0EMBEBILLIZ 2EBE®RY — - ToRARKBI32E 6K

DIATYTZRIBBRTH %,

(M1 7] ARWOFE2O0RMHECIZ 28BEHS—F - TukAkBY 5T 51chl]

D1IARATYTRRTEBRTS %,

10

(K1 8) ARBHOE2O0RMTEBICIS 22BEBRY - o kAlcBF2E5ICh
DIAFwT2ZRIEFHFAVNERTH 5,
(M1 9) AHBHOFE 20EMRMBERL IS 2E&BEBY—F - TokACBI 32T 5K

DIAFY T ERIEHAAHERTD %,

[KR20) AKPOFE 20ERMTERICIB 22BERS b o AcBF 3T 5ICH]
DIATwTERIEFHAHERTD 5.
(R21) ARPOE20LMBEICLB 2LBEBY - Tk AkBF2EHIICH

DIAFyTRRIBANBFERTS %,

(R22) AREOF20EMBLELIZ 2&BEB - - T AiKBT 5T DK

DIATFYTERTRTH %,

DIATYTERTEFHAAMEHRTS 5.

DIAFYyTERIBAABFERTDS %5,

DIATYTRZRTRTH %,

DIATYyTERIEFHAAHKERTS S,

DIAFwTERITHMAAKERTS %,

DIATy TR RIEFHFAKBERTS 5,

DIATyTR2RIBEAABAERTS 5.
BOATy 7RI MAMBPERTD S,
BOATy TRRITMABNBERTSD %,

BOATy TRRdMATAKERTS 2,

[(FEoFHE]
[003 4]

1

DN DN = = = s e

1
2
3
4
5
0
5

215
¥ — b @
¥ — s
2 {L 1
H 1L
51 1 0
N
N L 10

(M23)] ARFEOBE2ORMHBRICEZ 28BER S — - TnkAlck 3T 5iCHl !
(K2 4] ZARHBPOE20EMPREICIZ 28BEBY b TR tLAKBF5E 5]
(M25)] ARBOF20EAHBBICKS 28BERT—F - T XicbF 35kl
[(M26)] AKBPOE2DOEMPEICEIS 28BEBY b oLt BF B E5IH
(R27)] AEBEHOFE20ORMPERICEIS 2&BERS b Tt AkBF 3 E5IH
(28] ARBHOFE2OEMBPEIC LS 22BBRY — b - oA RLBT5E5IICH !
(K29) AHBEOE2DERPEICIS 2&BE®WYS — b Tuo bt icBiF 5T 5I1CH
[(K30) 2&RBEBHF—F  TRELAKLBIDPR28BIUTHE29KKRTATy FTOR
(K31)] 2&@EHRY—F - TOXRACBISR28BXUTK2Z 9RKRTAT Y TR
(K32) 2&BEBRY—F - TR BB 52 8BLXUR2IKCRTATY TOR
40
50
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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
structure having the gate electrode provided in grooves
has the first gate electrode material layer 25 of a p—type
MOS transistor, the second gate electrode material layer
27 of an n—type MOS transistor and the electrode metal

Wy L ABRRE

L BA R~
Lokt MAE

layer 29 formed in the first groove 22 via a gate Al Tl G [
insulating film 24. The first gate electrode material layer R TN T Y

. L ;A5 as } 9
25 and the second gate electrode material layer 27 are LI L S, SO
coated with the electrode metal layer 29 in the first N A S

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.
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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
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AOE AT ARFo] MBHe) gt} 1B, AF F53E AL F % A2 Tl @IS Artyl
E5EL AT FEE, A2 AE AF ARF, B A= AAololn, F2 7129 Avk Ao
FHOE o 25H 02, 2upd Bae) sy ofyth %, AT F4% L A2 A= AT

9 A2 E AR AF FE5E FAREE, T QA o] §3AA DAYER lu} 7}
@ % 9
e-

st}

o e Ao hEH, MEA A AX PEL, 71w o] Aute] B4R AL E Yol Ao E AFL A
@ A1 =A% MOS Edlx ~8lsh, 4] At §AE A2 F U AolE A3& Axe AowA 47 A1 =487
= gEAYY A2 E4F MOS EUAAEE 5 7)ol FAT) A7) BEe, wEA 39 Az PN, 47 A
15Ul 2 4] A2 F ol Ao delete FAake A%, A7) AL E Wel, 47 o= daur g, 4] A1 =
A3 MOS EAX 28] AL AGIE AF ABEE A7) AL T AP0t r2d) Fyshe 343, 47 A1 F )
o 7] Aol Aedut Wl A7) AL AGIE AF ARE Ao, D A7) A2 F el A7) A= AAwt Ao, A2 Ao =
A2 ABES e T4, A7 AL E D A7) A2 £ A ATRRGE YRS 2AES 4] A2 A0l
A3 AR AANE 247, 47) AL F D A7 A2 Fol A2 FH2L VY= F45ke, 47) A1 E o) A
AL A ARS D A7) A2 AZ ARSE AV AF FEF 02 HEa7, A7) A2 F el A7) A2 AolE A
AEZS 7] AT B530E DB 243, A7) At Ao Qaje 4] A2 2H2E AR, 47 AL F )
o 47 Al AF ARS D A7) A2 AF ARSE VRS A2 A7) AF BEZE W12, A7) A2 F el 4]
A2 AGE AF ARZS AR AU A7) AF FEF S FRoZA 47 AL E Wl A1 £W% MOS EAR =
Ho A= AFE B4, 47] A2 F el A2 £AF MOS EAXAH Y AoE AFE FHshe TAE ga)

I

o] Mk A AX 2] A)Z ¥ A E, Al 24 MOS ERALE Y A EV FAHE Al FolAe, A5 255 93
A AL ANE AZ A5E L A2 A0 E AF AEFE 9532, A2 =43 MOS EAX2E 9 Alo|E7 5+ A
2 FoAE, AF F55d YA A2 AE AF ARFTE A5G 2HBR AF F4558 A1 F L A2 Fe B

—_ 6 -
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% Avhalg wol, Eh) =
o ER, B AT F
g o) g5paA nYYE

S 34% 0 Ao E Aduh] Avh ARH o, Avhy 48 e
% F UYL A2 E R AT 355 JHEE, 39 7% AvpAl
QA 7hgo] golatA @A,

e

i)

rr

i

il

rlo
g}

Hourg o) vhe A o) ey, wheA X9 Az e, 71g o] Adde] gAY AL F Wl A E A58 AX
g Al =4 MOS ERAX2H e}, A7) At 48 A2 F ol A0 E d=e AXF AemA 37 Al =A%}
92439 A2 24F MOS EWX 268 T4 7Rl AT A7) wh=A Ao Az e, 47 Al F R
471 A2 F ol AoE BAuE FAstE TAH, A7) AL F e, A7) AelE Adu e, 47 All =18 MOS
EAA2HY AL A E AF ARZE A7 AL F ATF-EG WS @k T4, 471 AL F Wl 271 A
ol Ayt % 4] Al ACE AF ARF A, R 7] A2 F el 47 AClE AAn e, A2 Aol E AT A8F
& PAste A, A7) AL E R A7) A2 & AR ES AT 2558 Y4 T4, A7 A9 39 944
A7) AF FE5F RV A2 ANE AF AT E AAZ A, B2 AL F el AL ACE AF ARF, A2 A= A
ZAEE, L AT FETLE o] X Al EAF MOS EWA2E 9 Alo|E A& FAA5k, 47] A2 & el #12
AGE AF ART 2L AT FEFTLR ) FAE A2 =AY MOS EJA2E 9] A E A5S F4she 48 £

s},

o

3

| W) A o) Az WEdAE, A1 248 MOS ERA2EH Ao EZF FA4HE A1 FdAE, A2 Alo|E A A
g2 g3 AL AE AF AL JEsE2, AF FHEFL AL F L A2 Fd F7I=FE Antglg del, T
=2HEZEL AT FE5F, A2 AE AF AES, L ACE HAdvto] Ao}, 2R, T Avt Al =EHE F
&2 FF FRUE HaguEg Zduly 348 BA4sy) ojHo), B3, AT 345 2 A2 ACE A A5FY Ant
B g2 & g3 AF FE5ES FAsE Ao] 21esy] Wi, T 71Ee] ArlAE o 8-3HA Y
=9 vl 7FEE S0l A AT 5 AUt

utl
2
p—
ot

<A A o>
19 ATA T4 DHEE B, £ @Ee) Mwa N9 A A4 Feje] AL A4S oke) 1 AY Aok

A DelE, AR e 491290 o8] 2eld AH2. A1 SR 03) MOS ERA2H(Q) Al EXdAE =
o A2 EA¥(n¥) MOS EAA2E(3)7F A H O, Bt=A] AX(1DE TS Tk A7) 71811 ) 48 24

DA, AL FE2)0] BAEL, o) AL EE2 vl p¥ MOS ERX2H ()2l AlE BF1e] B4H el k. =
% 7] A0l = A2 $(23)0] AR, o] A2 £(23) vlol 08 MOS EWAZE @S] Al A% E2)el 395
o Q.

A7) A1 E22) el AlolE AR u(24) Ao, A1l =R MOS ERAAE Y A1 A0E AT ABF(25)3}, A2 =
AE MOS EAX2E Y] A2 Alo|E A= AZF 2N, A5 F45(29)0] A, AE AFENE T8 3t
A7 A1 ACE AZ A8E(25) R A2 AE AF ARFQ27S AF F53(29) 23 Al £(22) oA &5 o
=

A7) A2 E(23) WollE, AoE AA9(24) Ao, A2 =AY MOS ERX 28 A2 AlCE AF AeF@nad, A5 &
&2(29)0] YA H o], Ao|E AF(32)E TS Yt 7] A2 A E AF ARFQNE A 55329 o3 A2
2(23) Wl A &0 3l

B AL AE AT A8F26)L, oE 59, GH(Ta), skZH D, BT, F2AW), FHERW, 52 °)8 F4
B z2paRE AUuE §F o2 I/ F vk A7) A2 ACE AF ARSH(27)E, n8 MOS ERA2HY A=
AT ARzA o) &HE B4 A5y, 48 B9, HRHT, 2 HHD), @&(Ta), BAW), FHHERW, F2 25 %
Fow FAY 5 Y. AV AF FEHEFQ9L, g EY, HEAW), §H(Ta), T, F& 289 §F, FE 9|
T 2% oo RNE Y] TAHE HTHer FAY 7

i

p3 MOS ERXAF g Gox g A7) Aol A=(E1)2 $ZFAY 237 71B(1 D= 3 GHdDeo] F4 =] st
w3 n3 MOS ERNA2E Ao A e A7) AolE AF(32)9] FZ M 47 71e(1 D= 3 49(42)¢] 8=
Atk e pd MOS EARAH G A2 47] ACE AF(BDY YFA 9 47] 7|21 DdE & 99U@DEY

T Z4A A2=92 99430 FAddo] gtk 3, B YU DE 222 FYUNRGE ACE AF(31) 52
2 AFEE FAHo Yk £8, nE MOS EAX 2B oA 7] A0lE AF(32)9 FSHdA ¢ 7] 71w Dede &
A AGUDRTGE 2 A2-=d 2 4ol BAH Q) EBF, FF (42 22-=2HQ F9(E4HRTGE Ao

_’7__
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E AF(32) 208 AFA}EE YA H It} A7) 2= FHMA3, 44) B = A AL 2945, 46)0] FAH
o], 22-E¥ < GH43, 4)& AAFse T Yt o] A =G, 46)L A7, dH A, ILE AP =R
359 9t

7] WEA] FR(DANE, p& MOS EAA 28 (2)9) Aol E AFE1)e] FAHE AL FEAA, 2F 353290
e AL AE AF ARZ@E) R A2 A0 E A2 AB2(27)0] FEH 7, 3 MOS EAXAH(3)Y AS|E A
(32)0] FAHE A2 FEYANE, AF 253200 a)A A2 Aol E AT ARZ@7)0] NEFHo| g}, 1z,
AZ 252292 AL 222 2 A2 F@)ol YIEES Autile v, ¥ulo] w2EE 25 AF #5529 2 )
o)E k2ol 7] WEol, Zuby Rajo] BBy oE & 2 HoQT) B, AT FHZ(QO)T] Anlz Al F
(22) WP 2 A2 F(23) ol AF FE2(Q)E FHHER, 2] Ak R o] 43 nAWEL dn} 7}FE Lolat
A S e,

whebd, B W e) Q AA FEe] MEA AR (D7 A F S A7 FE WAHRA drhshs o) Few T 2
2 Q7] Witel, AF gl F& Aol E P2 LolA, EAALE o] P4+ Uk,

E TR WEA A AZ T A A FA9 AL AT, % 2a WA = 2k SAE A% 34 9
sl obell Z1AE Aolth, Eah, 71 R(1D9] AR 274 B2 99, MOS EBH 5] . -
o £A= AT QT o3 ARAIEE E 3a UlA E 3nE B3] T

% 229 TA 8 uLe) Zel, 711D Al BAE FA@D, Al =R (elst pP o2 J1AEH MOS ERAAE 2
AolE AZo] YAHE Al T(22)L B4 H, A2 =AY (o]3 nF .24 7[AFH) MOS ERX A ACE AF9]

FAHE A2 FCIE FAFT A7 AL F(22) B A2 F(23)2, 34 Haadgd 71&€F o 7e(dE 84, =

o] o Aol 98 FAgstet weh A7) AALQRDL, dE B, Ahs dygagoz AT, B3, AV Al F(22), A2
E(23), 2 711D A= EAX2E 9 A 949, 22299 992 A digiME £ 3a A X 3hE Fx3}
o] F&3,

Loz A7) Al 2229 WE ¥ Ay A2 £(23)2 WS Tashe 47 Aau21) A AClE Aau2)S ¥
At o] AolE AL, dF B1, A3} A2 E(Si02), A3k As} A= E(SION), Ad4g X3 stra A
o] E(HISION), AF3}at 2 5(Hf02), 213t 4315 (A1203) 59 AEZ AT 571 Atk G714, ACE EadHL, A&
£, A3 Abs Aggute g gAstn, o 9 FAs, dF Y, 2 nmE gt

TS A7) AlolE Aauh(24) o] Av] Al =48 MOS ERA2E 2 A1 AolE A2 ARF(25)S A%} 4]
Al ACE AF A8Z(25)2, dE B4, §2(Ta), 3HZFHD), B(Ta), E|&(TH, B2d(W), FHERW, T2 &
Fo| By 2520 AYEE §3o2 g48 = qlth 974 dEEA, AL ACE A3 A5F26E FHERuLS
2 YAAYPT, 19 FAE, 10 nm~40 nmell A o

aF 9A A7) AL $22) 2 A2 E23)9] R nt23 32608 T o] A=A (26)2, dE 9, AL F
(22) 2 A2 F(23)& P ES, AAAN HA2ELS FHF &, Avi(e & 9, CMP) 2 o X] ¥ (etchback) 52}
Al ey, 22D 3] B9 AA2ETNS AR TR 2N YT 5 o

202 % 2ho] A G uke}l o], p¥ MOS EWAAE Q) Alo|E} FAHE Al F(22) W] vlx=3(26)L ¢
i, n¥ MOS EAX2E ] AolE AAEE A2 F(23) Wi A=Y e vf2A5(26)8 AA T S, = 2b

WA = 2jel A Z1R(1D 8o EAE AFd

o2, ¥ 2co] A e} o], Y] k22260 A wtEIA R A o] g3t k(g B, 4D o3 A E
Ao Al ANE AT ABZ(25)E A AT, o] A A1 F(22) Yol rtE=TF(26)0] HEH = AL AE

AT ARF(25)9] B ARG, o] B, FAZ AL AE AF A5T(25)0] &7] Al F(22)9] AFHFRHE A1

F(22) WSl =S o5

g0 2, T 2do EAS ke Zo), Av) ufAIZ06)N(ER 2¢ FE)S AA T o] AANE F7] $WE o] 4T F
Qi) o] A, A1 E(22) Yol Al Ao)E A ARZ(25)0] Al F(22)¢] AR RTIE A1 2(22) WH=d FA4H
3, A2 £(23) W= A E A (24)0] =28
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207 & 2ed EAE uke}t Zo], A7) A1 F(22) ol 7] AlClE AAT(24) E 7] Al ACE A5 AEF(25)
Ao, & A A2 F(23) el A7) AlolE AAw(24) A, A2 A0lE AT AFZ@2NS A F. o] A2 A A=
ANEZ27)L, n8 MOS ERAXN2E Y] Ao|E A ABEA o] &5e 34 AR, d& £, BT, = w(HD),
BEH(Ta), B280(W), $HERY, T 282 §322 JAT 4 Jth 971 A2 ACE AF ABSCNE, dE &
W, 52 HS o] 83, 42 9, 10nm~40 nme} ¥ FAZ FAJ g},

thgo g, & of] TAF Hke} o], A4v) Al F(22) 2 A2 (2 M F-E WY EE nf233(028)E, & £49, ¥
A 2euks AR W) 4utste] At}

2%, & 2go) EAE vle) o), Avi(eE EW, CMP) 2 o X1 5o Ao osiAl, AAuH2]) Fo] YA w2
Z@28)& AAsL, @R AL F(22) % A2 F(23)e] W A7) vtAI5(28) & @30t

Cheo®, £ ohol £A % uhe} 2o), A7) A IS @8)& 1Y rhaARA o] §3e], Fol(a)E W, Bo) o3 A
Aoz A2 A0 A3 ARZ@NE NRTT. o A3, AL E22) WPl 1=z (20 2ol AEH & T2

A2 AIE A3 A &F@27) 2 A2 (@23 Wil vtAIF(28) o3 FFHo| Y FE4 A2 AE AF AR
(27)0] FARAY o] A% AR A2 AE HAF AES@CDo] A7 Al F(22) B A2 F@23)8] 4 ATHRTE Al
F(22) 2 A2 F23)Y 4 YRS Y5 4 HE Aol a ¥ Ao

Lo T 9id) A upe}t 7o) A mAI=(28)(EW 2h F2)E AAT o] AANE F7] EHE 0] 5 A
t}. o] A3} Al (22 W& Al Alo|E A= A5=(25) E A2 ACE AF AJRZ(27)e] Al F(22)9] NF-F-ro=
Al E(22) WESd A=, A2 (23 WioE A2 AE AF ABF@N) A2 F(23)9 AFHEAGE A2 &
(23) W 5-2o) 9490},

SoR, & 2j0) BAIG upel o), 4] Al F(22), A2 £(23)8 W& WHA =S 7] AAH2D &) 47 ACE
A2 Aol AF FEF©29)S AGEY. o] A5 FEF29L, A& 9, G2-W), @E(Ta), HHRHTI), T2 2

5 99, Br olE 39 2% o HOETH AYyE 437os 948 £ vk 01714 QA2N, 92AWE o] §3
o 2 A3, A7) AL E@2) A A7) AL A E AT ARFE5) LAY A2 AE AF ARFENE 7] A
430002 BB a3, 4] A2 F@3) HelA 7] A2 AE AF ARFENE 47 AF FEHF(292.8 923
o,

L
bl

geog & oke] EAE upe} 2o, dnl 71&(dE W, CMP)Y) d8iA AV AF 45529 At AA s, &3
A7) A1 E(22) 2 A2 F(23)9 YFoat AT F53(29)8 @71, o) 9k 2o dtad, Al F(22)¢) Yo, AlojE A4
2(24) Aol Al AlOlE A A8E(25), A2 AE AT ARF@N, € 17 §43(29)0.2 o]FoX & p3 MOS E
WA AE ] AolE AZF(31)0) FAH I, A2 F(23)2] YHol, A& AddH(24) Aol A2 ACE A= AES27) R
AT 2E=(29)0 8 o= A = na MOS EAX2F 9] Ao]E A=(32)0] &5 AT

=
=

=
[e]

A7) Az WA, ) nfATE(26, 28)S oA vlAT R o] &8t Al ACE A AF3(26) D A2 AE A
Z ABZ02NY A, BAL, 2 3EE, B4 SES oA A EAZA o) Lste] AT = ot w9 LA E A
B& ol Al =alo] o e o3 A& & Ut o] B-F, EAA AR 7tEE ol 88 4 U

B3 A7) AF 45299 712, CMP gialdl, =gto] e 7lzste] AA R X Hel o3 = A% 75 st
th o] A%, BAA A 7t2E o] & 5 AT

A7) e Ax 9 Az oA, Al EXH(pE) MOS EAA2H Y Ao|EZF FAHE Al F22) A3 F5F
(29)]l SJ#A AL AlelE AZF Q7225 R A2 AE AT ARFE2NE JE3}3, A2 =43 MOS EAX2E 9 A
olE7 A EE A2 F(23)d AT F4£5029) dsA A2 AolE Ax ABFCNE WEIT 18ER AF 5%
(29)8 A1 22 2 A2 F(23)] EVEF AvpE woll, B¥d =EHe FEL AT 553029 2 AcE da%
(24)0] A}, whEhA, Zduy BA L A7) ojf ) =3, AF F4£5029)%) AvkE Al 22 F € A2 F(23)
Y2 AT F52(29)¢ A e, 299 AvlAE ol &8l AR Avl 7hFo] folsiA A& HT

Y B, 2y B4 A Ee PARAA Arkshe o] AT, AFA0] L AE FEE IE 5 I W
Boll, #4 PN & 93, EAA2E Pl FHE £ Y & Aok,
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ooz Ay Al B2, A2 E(23), p& MOS ERA2H Y 22 =82 99, n¥ MOS EAA2E 9 22282
49 o] g4 e dEE E 3a X = 3holl EAIE AR FH dH ke o] Mg}

= 329 =S uls} o], A B8] FA 7)ES o]&35e], o & £, STI(Shallow Trench Isolation) 7]1&€& ©]&3}
o, 71B(11)9 A G, pMOS EWAA2EHE 4 993 nMOS EAA 29 A 998 A2 E3e AA #¥
F9(12)& FAg.

g0 2 & 3be] TA S v} Zho], AV] Z18(11) Bl Aol E AAuH13)S A e) o] AlCE AA(13)L, o &
=7, B9 A3 7)|& S o) f5te], A8 Ao R 5 nme FAR Y F Ik FEoz, A E AAUN(13) A
B (dummy) A} EE @437 948, dE 59, T2 Fue Jutste, 13 A5 e E9g AT Y] E
Ay FZeLe 100 nme] SR, A7) 43 4829 50 nme] FAZ AT 2 F, B4 4z 7l¢ € RIE 7)
%8 o) g3ld, Y] As A& 9 T A Fug Y dEte o Al E4, 15)E gt

02 % 3co ZAI% uke} Zo), 4B 59, pd MOS EAAAH 49E, A& 9, YALXER nl2335 0, o] F
1&¢& o]435}e, n¥ MOS EWA2E FgoA e A7) gn] ACIES)Y ¥&<] 7] 711D &4 4942
L F A7) wpAIE AAS E, 08 MOS ERAAH 9L, o B9, R 2ER w2I8 T, o] FY 7]

o\ ﬁ[o

oty off 20 G
£
v}

b
9]

F ulagE AT A7 FF 4941, 42)8 o= FH& AR FA o = FE.

4
o

S 02 % 3do] EAF upe} o), oE 9, p¥ MOS EWAAAEH F9L, F E9, YA2ER vlAFE} I, oL
9] 7148 o] &34, nd MOS ERNA2E GG A7) tjn] A0 E(15)9] ¢35 A7) 711D &47] 28 49
UQRTE AA 2228 dE144)E FATT BT, 22289 F9UDL, B F942)0] 2= 9944
ROE tju) Ao E(15) 202 AdAEE FA8Y, 21 F, A7) w23 E AAE F, nd MOS EAA2H 44 E, &
=9, A AERZ wp238 T, o] & F¢ 71&S o459, pB MOS ERNR2E F9 A9 7] tv] A0l E(14)9] 4=
9] A7) 71TV A7) EF dGUDRTE 2A 22299 9E9U)E G =8, A2-2H9 494, F
F AdUDo] 22T ¥2 FHUNRTE HH A E(1HZoR AFSES AT, o F, wta3E AATT 2]
a2EY9 G943, 40)L o= & WA P4t ® A,

g0, A7) x2S GY1U43, 44) XA A Ale| =45, 46)E B ATt o] AAlo]=T(45, 46)L, T4
Agatel= T2 A 20 A FAE 57} A3, 4714, LA EA ZRE LAl =22 G

803 T 3eo] EAE upe}l Zo], A7) tlu] Aol E(14, I5RGE FA E£3 EFTE, 4] 7811 el A
1< A3, o] AAEH(21)L, & EH, 34312 ZF(chemical vapor deposition;CVD) 7]&-& o] &3, Aks} 4
&2 ¢F 300 nm ALEY FAR A3,

So7, E 3fo] EAIF uke} o), dl& BW, CMP 714§ 08314, 7] A2 e Feseta, 47 v A
0| E(14, 15) 43¢ At AL =2 A 7)A

e o2 T 3gd TAE vt} o], Ay) At A e Aoz AAg, o] AA 7ML, Qlake] g A A& o]
L8t} E Tn) Aol E(14, 15)(ER 3f F2)9] LN YEEE, o & E, W& o] o H(reactive ion
etching;RIE) 71&-& o] &38ta] A A%} o) A3}, AAg2D)el] A1 F(22) 2 A2 £(23)°] FAAHAT.

S22, X 3holl EAIG uhel Zo], A7) Al F(22) B A2 F(23)9] vl A H ] 3l A E AATA)(E 3b
Az2)e AARTE, o] AA 71F BAA ARFL o] 481t o] A, AL pB MOS ERA|2E 9| Al0|EZ §
A E AL E(22)9 n¥ MOS EAX 29 Al BV H4H & A2 F(23)°] A=A

thgo, Bouhgel v AX e Ay AA Fe e A2 g, = 40 NFH 74 dREE Fxste] AR,

T 4] BAE upe} Zo], A1 @A DE, 24 B2 G9(12)4 93 M2 £ EE JHE, A1 24P (pF) MOS ERA
2E(B)% Al EAEFHE 9EAF Y A2 EAY(0P) MOS EAX2E(6)7F B4 = o], =] FA(DE +43HL %
ok 7] 21811 Aol 48 AA@DE Al &(22)¢] FAH 1L, o] A1 F(22) el pB MOS EWA2E(2)9) A
o|E AF(31)0] BAF o] Ark. T A7) A= A2 F(23)0] BAH L, o] A2 F(23) el n¥ MOS EAA
2E|(3)9) Al|E A5(32)0] B4 ST

_10_
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A7 A1 E22) WollE, AolE AAuH(24) Ao, Al =AY MOS EHRAAE Y A1 Aol E A= ARZF(25), A2 =
A3 MOS EAR 2E 9] A2 Alo|E AF ARF@2NI, AF F45(29)0) A=, 47] AoE A33B1E FAs R
9tk A7) Al AClE AZ AEE(26)S A2 A0E AT ARZT 27 &) A1 F(22) el A FHEH o gl

A7) A2 F(23) Wellz, ACIE AA24) A, Al2 =4 MOS EDALE ] A2 AE AF ARTQNH, A5 |
£3(29)0) YA =, A E Ax(32)& *AA8x it

A7) A1 Aol E AF A8F(25)L, & EY, ©@8(Ta), SIZEH), El&(TD, B=A(W), FHHRW, F& o] T2
B zEaRe AUEE o2 QT S doh A7) A2 A0E A ARF(27E, n¥ MOS ERA2E 2] Ao|E
AF ARZA o) RHE F& A8oH, dE 9, HE(T), ST HHD, @& (Ta), B2dW), FHER, F& 159
FFoz AT 5 Qv A7) AT FEF29L, dE B9, HAUW), §E(Ta), ElR(TY), F& 259 ¥, BE ©
B F9 2% o) oRRE MYEE JFHOR FHT F S

—

&, p3 MOS EWRA2E FGo)A A7) Ae)E AF(31)¢ FZ2 A7) 711D &8 99410 4= st
3k, n3 MOS ERXAH G A e] A7) ACE A3(32)¢] ¥Z9 47 /121 D)oE &3 F9(42)0) A= 9]
CESH pd MOS EAXAE oA A7) AolE AFBDY 42 47 718D e F8 99UDRYE ZA &
=g el Jd43)e] FAF] k. e FF YD A28 dHUNRGE AOE AFGBNFE 44
= gA o] gt} T nd MOS EAXAE GH A9 A7) ACE AF(32)9 F59 47] 71#1Ddde &3 49
UDRTE AA 22-2H 2 FFUdo] FAH It =8, 34 J9(42)L 22289 FHUHRTE AoE AF
(BEoz AFHEE A o] gith AV 222 G943, 44) A= A Alo]=uM(45, 46)0] A H o, k-
=9l 943, 44)& AA G 3ta Yk o] AYAtel=uH(45, 46)L, a2 ILE Al FA o] gt

Ho> 2R

A7) NAAA wEA FX(4) A&, pB MOS ERA2E(2)9] Alo|E AF@Do] FAH= Al F(22)904, A2 A=
AT ABF@D 28N AL Al E A= A8F(25)0] IFdTY. 2B, AF F5F529E AL F22) R A2 F
(23)el F71 =5 Antge wol, EA =EHE FEL AF 53290, A2 AE A5 ARFE@T), 2 AE Ad
gH(24)0] fr}, o]¢} o], T 7l RTE Aut Ao B =EHE S53Y TFH SV ARHEE, dupy B0 &
AsL7) & FZE Hogth BE, AF FE5F(29) B A2 ACE AF ARF@NY Antz Al F(22) viF R A2
E(23) YR AF F£5(29)¢ A8 Ao 715 d Fxol7] Wi, T AviAE o] &¢ 1AL EQ At 7HE

& 8ol3A 3t nh

wehd, B9 o) HEA] AAWE, Auh B¢ A% S AsEA drkshs Aol Asd 74
o, Aol F& AolE F7} Aol x, EAA2E A5 FPE =T & glnk,

tlo

zks 7] o

A

o, Byl wied X9 Az Wy 4] A4 el A2 dE, = 5a A E 5coll EAE AX T @RE
& Fxste] AHEd.

% 5aoll =g e} o), A7) AL oo} wpAAA R3], o5 TR AAE PF) F, 7[R (11) ol A" dA
@D, AL =1 F ()5t pP o2 A 71 AT MOS ERA2H ] A0|E AFo] A= Al F(22)2 A3, A2 =
A (o3 ng 224 7]AF) MOS ERA2E Y Ao E AFo] BN E A2 F(23)¢ 4T 47 A1 F(22) £ A
2 E(23)&, B4 P29 NEH oA V(g 9, =] o) 5 AR =3, ) AIH@DL, o
g 59, 08 A Eves Y49

g-goz A7 Al F(©22)2 WA 2 A A2 F(23)2 Wa-g £3eE A7) A2 A AoE ZaAH24)E 3
Aatl, o] Aol E AAuh(24)L, o 54, 2hg A8 &(Si02), A3} As A E(SION), AAE 2 gae =z yda A
O] E(HSSION), AFsh8l =3 (HfO2), 4H3t 4-F1E(A1203) 59 AEZ FAL 71 Ath 94714 Ao E Ad(24)2,
4% By, A3 A3 e Fvo g Y485, 1 9 FAE 2 nm2 2 Yot

Loz A1 E(22)9 WHe vl Aol E dadh(24) Aol 7] Al =4 MOS ERAZE Y AL Ao|E AF A&
2(25)% A8t} o] A9 Al Ao E AF A2F(26) Al F(22)9) ATHRE YRS At 7] AL Al
OB AF ARZ(25)L, & 59, ©H(Ta), st FHL), & (Ta), H2A(W), FEERY), T2 018 T 5+ TFH
ZRE AUEE dFoz AT F . 97)ME dEEA, AL A E AF A8F2H)E FHrRWTLE AR
3, 29 573 10 nm~40 nmel A4 ok,
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S0 A7 Al E(22) Wl 47 AloE AaAuH24) 2 A7) A1 AE AF AESH(25) o, 2 47 A2 F(©23) W
o] A7) Ao)E AAH(24) A, A2 AlE A= A8Z(27)E AT o] A2 AE A= AEF(27)E, n¥ MOS E
WA 2E ) A E AT ARRA o] &HE 5 A8o|H, dE 9, B9 (T), stZEHI), ©E(Ta), B8(W), T
FRY, T 159 F§Fo2 FAL 5 At A7ME, o E B9, FZFS o439, 10nm~40nme] = FAZ A
). o] A=}, A7) AL E(22) HolA, 7] A1 A0 E A5 AEF(25)L HoJ= A7) A2 AClE AF A8F(27) 9
3 WEH 9},

o R & 5hell EAE ukel Zo], A7) Al F(22) 2 A2 F@HY UF-& v ES st A eR, 4] ddd
(21) Aol A7) Aol dAEk24), A2 AC)E A= ARZ27 59 Yo A7 55292 Augt o A7 4%
(29)2, dE =9, g2(W), &8(Ta), BT, TL& 289 &7, TE 0|8 59 2% o)Jo 2Ry Hgye 35
02 Y% ¢ ot U E U EA, §2d(W)E o] &7

so2 & 5eol) EAE ukel Zo], Al 7| &(dlE E™, CMP)el g ajA A7) AF F45(29)8 Al AAS A, A7
AL E@2) D A2 F(23)9 YHdut A F55(29)8 F7) olg) o) dhed, A1 F(22)2] Ul R, AlolE A%}
(24) Aol A1 AP E A= A 85(25), A2 ACE AF A8F@7), B AF 552992 o|FojX = p¥ MOS EJ
A 2E 8 AolE AF(3D)o] FA I, A2 F(23)2) Wi, AolE AAT(24) Aol A2 ACE AF ASF(27), A=
F4:3(29)0.2 o]Fo] A= nd MOS EAXAHE 2] AlE AF(32)0] BAHAUL.

7] ¥R A o) Az wdolAE, Al 24P (pE) MOS ERX2E 9] Alo|Ert A HE Al F(22)A, A2 Al
E AF AmF@N Y8l Al AE AF ARF(20)€ AE5¢Y, 2HBR, A5 F550292 Al F22) R A2 F
(23)9] $7EE Avll e o, FHe] =E2HE FEL AT FE53(29), A2 AE AS ARFQT), R AE A
(24)0] A}, wEbA, Auly BA& F Y1ervhe A oA Bk B8, A5 F43(29) R A2 AClE AT A
2220@NY AvtE A1 F(22) F L A2 F@3) Ui A5 35329 % A2 A E A5 A8F@NE 4= A
o] 715 87] Wi, Fe el ArtAE o) &dte BHUEL Avt 7hEo] GolshA AdET. ¥, vl Aol =FHE &
& 700 AYATL HAEE, A2 A E A A&FQNH 45 3455029 Aoz, vl » 45 Az &
< WA g Zlo] AT 4 v

aEEE, 2y 22 A S PASEA Arkshs Ro] ASAA D, Al & AE FEE IE F Aok 1
HEE, FEE $IAD 93, EAA2E 45¢ FINL F et

BURe 448 350 AN GHE) ATAGE ARHAE Gk B 939 A= A FTHA 93 Fel
Ha, aeme PR WG T2 U] Soh= RE WAT FAL ¥ o] Tewojo g,

WA sHAA dutshs Ao) 7He @ 738 ZaL 307) Wi, A# Aol

g o] Wk X ¢ A
A8

w2, by B8 A7 F2 A wA dnlstths Aol 7 FAHLE Hol gle
=2, == =

S, e FAND 5 UL, B EAA2E 45 FEE
£ 719 APA7} AN ES A2 AolE AT ARZH AT FESE MU FORA,
7

AsA 2 Aok

&L
7
@
2
-3
>,
2
b

Flo e
nat
ol
A

rr ol

po
L
dor fo

E 12 B oawe vteg) Ao 4 AA G Al & el A 74 ket

E 2a WA & 2k B @ vhex) X o] Az e A AA FEY AL 5 e Alx

of

A R EE

£

% 32 WA T 3hE A1 S@rench), A2 &, p& MOS EAA2E 9] 22282 99, ng MOS EAXAEHY &A=
9l 99 59 ¥4 Wy dHE Ve Alx T GUESo|H
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E4E B @y ubed] X9 4 A4 G A2 AE e AN FH 74 Gzl
A & 5 B 4w oA wkEA A o] Az Y] 4 AA FE A2 A& vEhd Alx 38 D ES ol

A £ 6iE FY rlEdA stxR] A Az Wy dElE e Alx I dhEEe|th

2: A1 A3 (p¥) MOS ERA2H
3: A2 24P (n%¥) MOS ERA2F
21 A

22: A1 &

23: A2 &

24: AlojE Ad=

26: A1 A E AS Aas

27 A2 A E A ARF

29: A= 4%

\i N
KOS

NANVS o
T 1/

45—-PCN
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(198t 1= 53 3 (KR)
(12) =533 2B

(51) ., Int. CL7 (45) FnYx  2005911917Y
HO1L 27/092 (1) 5893 10-0529202
(24) 5354 2005d11€10¢
2D &#9¥E 10-2002-0016175 (65) FMNE 10-2002-0075732
(22) #44# 2002:303¥259 (43) I LA 20023104059
(30) M@ 09/817,834 2001039274 "= (US)
(73) 588 AR 7}A] 7] 7E0) AR

B QO AME QA ohu a3t Lhrbo) A& 224 2251

(72) &3 A vk
W] 5986839) 3 MW AL-22 0] 2 E 247 7}4) 0] 18311

QA
]51‘9860774 Fhul A A Y A E24W /M 22626

ok donj =2 A
1 F97007 . H TFH B BEAL A A E 1797} E 7 0] 27574

Kk
7298607 H A EFANAEAYLEEZTEFEDD]E

(74) W2 Syl oht

AAE B

(54) 1% F& AJE CMO S A 2 2 Az W
2.9

1 B4 A CMOS I AZ BUE, W X 58 A9 AV o4d AIE AL Bucka A8 AISE
Ao A, o AR A D AT 55 AZIsHE B ACIE Qe 2ok 2169 FANE TR v

p—] AolE G0 xﬂ F4E £%%= @A n-9 2 p-¥ 449 AolE mﬂioﬂ Zﬂ 2% <
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A

w2

o

o

1% 24 A9l E, CMOS

g AA

—

=] e A

od

E 1A =72 2 gy vl mE o]F T4 Alo]E CMOS X9 ¥4 dAE Jehd =4,

S EEXEEE L E S CRLE

10: o1 11: 288 49
12:CMOS 14 : n-€

16:p-9 18, 20: Ao E A3}EF
22,24 1 XF Al E 26,30 222

28,32: =¥ 36: A3 EF

0w o] LA A7
EEER

W o] &8l 74 9 o Bokel EYr%

B o MOS ERXAE L IC AZ Py B3t Aoz BY FAXHORE o)F F4 AlolE CMOS A4 2 o A&
Wyl @ Aol

Ale]E CMOS &+ Tnternational Technology Roadmap for Semiconductorsy 1999 ' el 7|A] 5 ¢
AA T, o] ZHEL o] AR E Axde oW FTHE TASFAY AIA Fon, o]F F& AC)E CMOS #
& Az 9 A5y S E 7] A8k 3R g

A3 CMOS A2 NMOS ¢ PMOS ERAAE 59 AOE AFo2 LA TS AMEsH, o] 49 NMOS ER
A 2Eo) g E N+ ZTATIL AFEsHE A PMOS o daiA & P+ 2 A& AL, 2g4829 34
H Aol E T EAR <), THANYEL FHo gAgezN B} A Ja EEHA CMOS FA & ATE A2

271952 9.

AR, IC AR o) F& AL MR8k 2 71X 71€0] JEd, 3AH 71 SiNENY S H2v] EH48 2E F
& AFE o] g3tE Aot FHA J)|&L o)F FEE o] &3 AL, St F45-E NMOS ERX2H Y N+ E24d
2o FAVEA 715 Et, = e tE S48 PMOS EAA2H P+ LA 2 A 715 @

o] o £14 aht 7144 Ha

] o] F& A0 E CMOS o Az L, e 719g Enl8he], - 4 (n-well) % p-4& 77} Lok 24 998
i He @Al n-4 8 p-4d 77| A IE Gl AolE 243E-E P43 X3 Al°]E (place-holder gate) & F2
@A) o] && FYs] n-d (wel) B p-¥ 4o 202 %@1 2 =9 998 45 9A; A3 AE 2
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& AAE @A ACE G99 I-k FHEY FAAE T2 DA p-4Y
A n-9 2 p-4 429 AolE %‘ﬁ o A2 &
el 9AE g

[l Al 1

S
T8 29%n

£ o] o]F F& AC1E CMOS &, Z47}e] Al0lE ‘gc—‘}, 239 2 =99 49 7, PMOS ERX2HE
Adst7] g n—él—} NMOS E:WA2HE 343517 1% p- % 744 719-& Fasls, NMOS 9] AlolEE, -k A&
A (cup), ©] -k FAE AN FADA 15 Lo A 135 A0 P A 255 ANEE i‘é}ﬁ}ﬂ; PMOS ¢
Ao Ex, I-k F4& H % o] I-k F4& Hell FHA A 2 F& ANEE 5, G714 A 1 342 A2 ¢ o)
Fo g&roniy Audn, A 2 34L& $FuE, N 23F, BYndy, U E, B8, 23 gF R vhvEy 57
S 2R Hedr).

oft

2w BAL 5470|n AAY & Qe 01F B4 AOIE CMOS #A & AT Aok,
B Te BHL Ao E Goo] B2 AT AH§eA FE CMOS FXE A Fshe Aol

ol Wil pofa} BAL @ we] 5o @ ME olsE A ATHE Relrh. oI5, B WP v AN g
EWe FEale) Fd A48 PR

—’—'.ﬁ Alo)E CMOS AA & JAshs 34 £ £ 2o il wet 748 CMOS ZA & AT =

149 , 4 CMOS FXEp-3 /éﬁl?:’— slol (10) Aol FAd) dlols (10) & A8kE 99 (11 o 93
PA3 £ 12 2 JEPIY:, PMOS EWAAE 4 -9 (14) 2

54
et
o
2
[
& "m;
r
m{o
*
ok
H
> P
L 387
of o
18
filo
o
o,
o
_EL
i
. ©f
o
.

NMOS E# A 2E§ p--‘:é_l (16) & %43 o}— aw ﬂ?ﬁol F&3Th o8 99, PMOS 9 449, ¢ 5x10" cm™ wﬂz}
5x10M cm™ ¢ A2 @ 50 keV WA 200 keV &} oix] 9= Ql o] &L F¢35ka, NMOS ¢ A%, o 5x10™ cm

IJM 5x10M em™ ¢ 2% @ 20 keV WA 100 keV o} A A= B o]—%g Fat] QT 5 gk A A
& A8} PMOS EWA2E 2 NMOS ERXAES Ao E A3HES (18, 20) & GAitgtd o) Z7t 4 dct. 23
A& (SigNy), & Z¥48Z& PECVD (plasma-enhanced chemlcal vapor deposition) o &Jal 2k 150 nm WA} 500
nm Alo] 8] FAZ F&3}e], "Hul" Ao E, & A& AoE %}b AL A% PMOS 2 NMOS o 22 X8 AolE
(22, 24) & A8}, o]5L& EEﬂ/\:LE}M 9 Ao E AFE Fo|dA dF o] FUHE, AFE T ZAHTY o
WA Zahznl o Aoj o) FAggict. o] o 3-74 ek AolE *Pv}%% RBHog JAFAY A3 AAE 5 3k
o] ABEZL Ao|E A fﬂ‘?l M) F3 (replacement cast) & A3}

PMOS % NMOS R%Fo] 4929 =#Q AFRE FAAT} olF @Aty 9% & ¥L, o 1x10"° cm™ YA
5x10% cm™ ¢ A% 2 30 keV WA 50 keV 9] oA #4] = n-do) BF, ©]&-& Fste] PMOS & 222 (26) ¥

=99 (28) & AFsa, ¢ 1x10'° cm™? WA 5x101° cm™ o] A% @ 30 keV WA 60keV &} AR #H= p- QOH
H) & o] &g F318ke] NMOS 4 4282 (30) 2 =#Q (32) & AFech AES FH3 A oA AT F, 18E
Z2ksto AbslE A¥ o)A (spacer) & B4 @t

tges £ 2 8 FAxsd, A8ES (36) & CVD 2 &9, vigx g FAAE, &1 A F3¢ 45t 4825 51
o] ¢ 1.5 WA 2 oty A7) F2E g AT FHAA A= CMP g4l 93] &3kA2iTh o] CMP 4l =
¥ AY 9 & (slurry) 7} vhEA 8o}

2 Azstd, A58 X@ AoE (22, 24) L Ao E AEE (18, 20) & AA G}, HIO, W Zr0, 22,
AE A4 (38) & ¢ 3 nm WA 8 nm ’\}014 FAR &8k, ¢k 500 C WA 800 T W9 =59
A} oF 103&: WX 60 & S o] It A, n-49 (14) 2 p-B (16) 4] Aol F9o FAAHS Aste A&
Z3Zx7] (post deposition treatment) & F33 o}, & o) 27 Wyl T& dAlE F/HA F
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AlgAL, £ 32 A5, TEAALE (40) & =X3t] NMOS 9 Al°lE 44 e daia, 2HHP R 55
A= A8 A 1 34 (42) & FHABR AN Al 1 3L A7) WG = 0] FolT). o] F4& IF YL, NMOS
o AGE 9] FEL AP F&E AF T 2 h LEANSEE AASHE, NMOS 9 -k & 3 Wil ¥

AE A1 23E AL 2HeE, 59 TN F2E dEH

¥

A2 FHe, =45 Fxed HIOM AR A 1S4 42) & FHE g, o3 % PMOS 99L& TEHALE
(40) ° 9=} A]Ei‘zirslu} 1‘:]'1:1 wEE FEL, 1k FAEY A E FHAE AF}HA F= Az Lﬁii Ao &
2] oA gt} o] @ NHE F9) U7t He0, o1th Al 1 FANAM Y wAMAR, = 6 o =X F2E A A

B oo o g el og dAE, Al 2 35 (4 & FAE Ao, 5 (4 & ¢FVy, A2aE, EYRdE,
14-‘?-% @E, 8t gF 9 H}LH:T ToRRE Yy oima 55 9 5 Yok 1 o, CMP £ ©] :ﬁ‘—i‘—% ﬁé%'}ﬂ] 2
Astd T 6 o] EA S F2E A&, 974 PMOS ¢ a-k F8& 3 2 NMOS & Al 1 4 3ol 2% A& Aol
FAd

2 Alo]E CMOS & $43t7] 98 3o 348, = , =3
2 MBS (46) & ZF3 ), & (48, 50, 52 ¥ 54) & S48 8 A4 FA e AgAr).

o
ol
oy

o, 01% % l°]E CMOS ] & 1 A& W& A erAnt. A AolM A9

it
i

g o] | el A ol o

B owge) ey, 3402 ol gAToRA, 1Y AT 5 91 FEH CMOS BN E AT F slv.

3T 1.
a) A& 7| %g Fsld, A7) n-d & p-US ¥HdE Yupola JH & FAshe @Al
b) AC|E ol Ao E AsES FA4tiL, 47 n-U % p-U ZFZpe] AT A EE T @Al
c) ol &g FYate], 47 -4 2 p-9 AZel 222 4 R =Y F9& A= DA

d) 7] Ag A E & 47] Ao E AsHE-E AAsH: @Al

Ir

e) 47] AClE 4ol -k FAAE T

)

ah BA;

) 47] p-49] A7) AGE 499 Al 1 B4 FHste DA
g) 471 -4 9 p-4 A9 47) Ao|E G4 A 2 F&5& T @A R

h) A7) a) WA g) @A) 98 d& F2E Adsta #4885 dAE THE,

q7) AF A EE ZAsh= 47 b) ©AE NEAEE o 150 nm WA 500 nm 9 FAR FasHE 9AE 2,

47 ABARE FHAE 47 BAE SLN, F A= DAE THHE AL SHOE 51 oF 34 Ao E CMOS
o Az .

379 2.
A4
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A7 3.
244

37 4.

A 1 g glolA,

2471 d) A Ao, A3 EFE FHAE GAE ¥ T,

A7) AsESe] Tl A7) A ACE T F 1.5 WA 2.0 ¥ A& 5AHLR g o]F 5 J]E CMOS ¢
Az .
3T 5.

Al 1 gl gloiA,

A7) 3-k AR E FFeE 47 o) TAE,

HfO, % Zr0, & TAHE AgTozye Jed 1-k ARE T34 e GAE Lok A& FAR = 0% 7
& o] E CMOS ¢ Az .

3T 6.
A1 @l elM,

A7) -k ARE FFEE A7) e) GAE,

k3 nm WA 8 nm ¢ AR -k ARE FFeE AE Xdees AL EAFoR & o]F 5 AE CMOS 9
Az P,
AT 7.

Al 17l glolA,

#7) A1 a5 s 47 D @A,

tlo

A7) p-2] AolE G9& HEdsta, A7 Al 1 S5 FFe, A7) A 1 548 AHds, 37 A1 55
a4 02 o Y3t BAE TP AL SA LR gk o)F FF A°lE CMOS 9 Az .

A

373 8.
Al 1 el 9o A,
A7l A 1 F5E F&s A7 ) GAE,

&71 "ol 9
o AlawEHE

g AR A7) A 135 T TAS D, 7] vutels 9 & dEEste] 4] p-de ACE 99
271 GAE 298 A& SA R 3 o|F FE Al]E CMOS 9 Alx .

NVIDIA Corp.
Exhibit 1002
Page 272



o=

FEE3] 10-0529202

7% 0.

A 1 gl glolA,

Wz W ol FoE FTANE FEToERE AYY F4& F38E GAE T AL EHLE e oF 75
Ao E CMOS 2] Az W
A9 10.
Al 1 o) oA,
A7) A 2 B&E FEsIE V) @) dAlE,
dF0E, A2I3yF, EYRY, Yk, BF, A3 &8 2t EeR %LHE]% FEHETORNE HAad F&458 23
EgAE E;}ﬁ}% A ERLR & o)F 4 Al°|E CMOS ¢ Az .

377 11,

a) A E N¥E E15te], ZH7be] n-9 R p-Dg X3 Hulol& GG & FAsE AL
b) Alo|E G Aol E AstE-S P48}, SigN, A% A EE oF 150 nm WA 500 nm o] FAZ FH3e= GAE £
g3le, A7) -9 9 p-d A47be) A& A EE S&3E GA);

) o1& FUst] 7] n-4 % p-d G 202 FH H

o
oftt
oX,
3_]14
rir

AL
d) ¢F 225 nm WA 1000 nm &} $AZ A3}E

e) A7) A& AlC)E & A7) Ao E Ak
£) 7] Aol g 11—k

) W g olgFor TS

35 TonyE AYE Al 1 #45& 4] p-0e A= o FHsE A,

h) 227] -4 % p-4 Z4zte] 47]) ACE G 7, ] a% Egud ol 9 A 9§ 2 upyEon
ZNHE= 2T o HE AU 4 2 24 53 O 2

DA a) WA h) & BAE 9L 728 Adda 243 g THEtE AL ERo B 3k o]F % AoE
CMOS ¢} Az v,
AT 12,

A 11 Fel 31elA,
A7) Bk HAAE FHhe AV ) GAE,
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HfO, B 7r0, & 74 Y ARTo2RH Add -k A8 &= 9AE TP 2& 52 & o5 75
] E CMOS 9| Az .

279 13.

A 11 gl gle1 A,

A7) 3~k FAAE A A7 D 2AE,

°F3 nm YA 8 nm 9 FAZ -k ARE FHsE @AE X3 A& EALER 31E o]F FF ACE CMOS 9
Az 3.
A% 14.

A 11 gl ol A,

BN A1 E5E FHEE 7] g) WAE,

A

A7) p-42] 7] AolE F9& e dsta, A7) Al 1 F4& TSR, A7) Al 1 48 HEdsta, 371 Al 1 &
& AEgH o g o st QAE XFE S FA LR 3= o|F 5 Al°|E CMOS 9 A= Wy,

AT 15.
A 11 gl oA,
AN A1 EE5E FAsE A7 g) GAE,

A7) gutel 2 49 A A7) Al 1 B4 F& FABIL, 4] dutel2 F9E AEGste 7] p-4e] 7] Aol
Fgol Al 1 F& P& ElE GAE XPE e 5H LR 3 o)F F4 A°|E CMOS 4 Alx Uy,

A7 16.
244)

717,

2HA)

=
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(61) ., Int. CL
HOIL 21/335(2006.01)

553 10-0613068

(19 ERIFESHH(KR)
(12) 555332 BD
(45) YA 2006'308916%

(1) T8 10-0613068
(24) T54A 20063084084

(21) 993 10-2005-0000362 (65) /N3 10-2005-0073541
(22) &44= 20053014049 (43) FANLA 20053074149
(30) U4 10/707,757 200430142099 w] = (US)
(73) 53818a AEUAME B YA W= s el
= 10504 {F&F ol 2 FoAE=E 2
(72) &g =} = 9] g
v = 743 10598, & e 8to)x, wiE ZE 2529
2E) 7,
n = FYERAFE 06902, 2RMEE, o}THE 2438, AM9-2~ = o0
150
24,32 -AA).
VS 385 10512, 71, whel A2 A2E 1179
(74) 9 A A gF
A
AR A5
(54) W&t Al E A3} AgAlo|= FHE 2= FET ACJE F+2E ¥ 1 Ax ¥y

2.9

WA AR o) B Y B o) W AA ACE PEEE AT W ol ABHM, ) F2EE AIE 3
oo APAlol = FEL ERUE 1R QPR =2A7)7] S8 Hv] AOE THE D 4 A0)E FHA7L AR
323 91 A0\= FAAZ GHA, AE FAAL F0A $AE DE AL 5] DAY, oA N L 2

Aol E Bi= 2

g Fol A 2 F3UT 7 vg S& HES A&
718 5 3o ﬁé‘%ﬂ EE oA Fgo] FyHT, ek ’&7] e &t A
ol dobglar, &7 FAA 2

P

Zo) YA HE, o] F w3t EHP7 90w
Y Fo g HEE AV ACIE 39
220 49 AW FY AN AL 2 i) 3] G2 BA) A4 ERo| =

&
Z9rh A7) ACE G9ulel slE A7) Wlg S35 AEdH gl Aol = 2] JA4E T

IR
& 18c

TRE
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Agrtol= Ze, Fest 34, JAY T4, gAL

3 A A

o] e A

T 1AE n+ 9 p+ SYAYE 99E 2= AU CMOS Hr] AlolE T8 FUEE MFH LR EAF Aol
T 1BE & 1AY Al|E 999 A= WE grikoly.

T 1CE & 1A9 A0 E 999 7t2 g duxen,

E2A9 & 2BE 2 el A 1A 6] B F0A diA Aol E TR gAML Az st stz 3 24zl g
gzt

T 3A% E 3BE 2 39| A 1A o] - F3H) giA] AlolE 4 v Iy E dA S A= g 7he B 24
o i g zelt

T 4A% ¥ 4BE 2399 A 1A o] - T3 g4 Al E 4 o 148 BA S A= ¥} e g 4
o W& g zolr},

E 5A% 5 5BE 2 299 A 1A ¢ mE F4 dA AllE TR A F7HH R aAY AR g 22 g
Zho| gk g =elrt,

= 6EH E 9 B uH e A 24 dol) mE o)F W' A Aol E TN dASE EASIL gink
= 10A% = 10BE £ @ o) A 24 <o) 2 o] F Wl A A& TAHANA Y v Jy" FA ) 8 xo|H.

£ 11A 9 £ 11B & 2 35¢] A 24 o] BE 0% g ha] Aol TN & A8 BA o Az B} e
g 27k o B sl

¥ 12A% ¥ 12BE B 29| A 244 o] w2 ol F Y A Ao THAA FHH wAL AR PR Sz
W Ztzho] e g Eol ),

E 132 2 i A 24 A o) W o]F wE tiA] AlClE FAANAY v AW FAE =X ik

¥ 14A9) = 14BE £ w30 2] 24 dlo] whE o]F vl A AlClE A ¥ I Yd dAe) AR P R
W A7 g g zo|th

E 155 2 4o A 24 A o) whE o) F wlg diA Alo|E gAY FIHH Q] SAE =AIF I AT

% 16A%H 168 2 29 A 234 ool WhE o|F M@ thA] Aol= FHe) A9 hE vl A P e WG
Z7}o) 0)% B Eo) o),

T 17A9 & 17B= B @y e] 4] 224 oo w2 o]F W thA Aol' FANMY 714 @A Az Ui kR
wHaF Zhzbo) th g g Eo) o),

E 18AYRE X 18CE & 17A9 & 17BS] ©A o] thek tiete A o5 wg thA] Alo|E FANAMY F714<1 aA 9 7t
2 vheko)] g3k g ol

g o] Gl Adn

el B
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Wo) S 714 B 1 Roke] FA71%

13} 28 ol & E9lo] £’ 10/707,759 "R B0 EE 2E8= FET A Aol = AlE
= 9h¥ (Method of forming FET silicide gate structures incorporating inner spacers)" o] ## % A
A7) AFE 299 ZAW LS B BAA A Fxd.

e 17 e ARE Az BRHALE, 53] vid A E M=o ARS-HE 3F CMOS F4 &4l #§3 o]

CMOS 2A50] A&H o2 B} ¢ 22 X2 E4h P B, o8 d A& 7ﬂ OlE FAAMEL 11 FA7F 20 A9
3tE ZAH AT o) AL Aol FARAFY Ze)d g E(polysilicon) A0 E FREZRH ] ETEEY HEFF &4
A3 57 (poly depletion effect) & A1 8)L v]-$- F7FA AL

e Aol EEL A7) 28 APEFHE 4373 74 AFE Alojstedl AEEY, et dER JFE CMOS &
A5 AN A A5S 43 st ALSEo vg Ao Ex: 383 o2, vv)(dummy) A& ACEZ 48 &
AAE Aol wg Al ET} %**QE A o2 ") A o) E(replacement gate)" Tl &3 FAFE T A7) W2 Aol
EXpt+ 9 pt+ ACE 49 REo) 449 £ glon 13 d3<r(midgap work function) & 2t ©d WES X8
= AUt} “41‘)}7—‘# o2, 47 gA 7ﬂ°]EE n+ 9 p+ ZFAEE AOEE Zztof ofs) o] Mol HH-H AW FhfelA A
208 dgFE 2 T HMES 2T F I

Ao 7129 24, 2l(Lee) 9 71855 v 53371 & 2003/0119292 " o] F g vlE Al°]E CMOS trlo]
2 %9 A4 (Integration of dual workfunction metal gate CMOS devices)" o] A= W& Alo|EE A 0}7] £g giA)
A E FA — =39 ZYAYE A E/ FAD T AAH T YA NYE EAXE @79, H3 Wg Fo] 7] Ed
o =HE I g Ao EE wtEoy) Y3 HesEHE T4 — S AW ot o H 3 WL F UHA "elA A
242 EAE AA & & glvk ARZE, (70 nm B Z- w9 §l~ Ad dolel t)-&8hE) vl 4T AE FXES
Wehyol) ¥ 78 BER FaiE 270 M-S AE & F3 8| (high-aspect-ratio) B zE EAXE F=v. B4
2, g gas 34 (AP o= 384 -7 44 drF A (chemical-mechanical polishing, CMP)) & W&¢] $7 <] 3l
oj(zE]x, old] wat W Aol Ee Fold M) BF A o1 4 Y& Y- o ¥ E(dishing effect)dl] F 3 %7
7} 4t}

g Ao E IS 95 Aertol=H ZH¥(silicided contact) & AFdHE A £ viEA st} wpehA], F43 oA A
olE & o]F wg A Alo|E BT e A ALl AxMEE, Aol = ZH & zE vlg Alo]E CMOS
A A7) E 88k}

g o) o)1) sk 7143 A4

kA, 4719 BARE Asy) Q8 A AAE AT Gd WE Ee o)F HE A Aok 7xES AXEW
Ho] AT, A7) FREE A E Jgd dgrte|s S FIT.

o) 74 R A4E

o

iy & 7o) Alo)E FEREE /H wEA £AE AR WS ATEoEAN Aed g At 2y
2o mEW, A7) g Axbe 79 dRES =EAY798E A0 E GGl dd BEHES AATAEA
,gu) AlolE 2E 2 A AolE §H A (sacrificial gate dielectric)& AA M) AlZtATh, AolE 1A= 4
B x&y 2R FAR T, g T A7) ACE FAA9 A7) A4 EA4S D22 gAY ol W
A A &4 oo & dE E37D] anket) Hg Fo) E & ginh vWig 33 48 E F FEE AAEE Hes)
E o XM (etchback) FA o] FAFHo|A, FAA B4 HF9do] xEH 1, v 53 N & FJUE FEE2 A
]E AL Fol QoA F-HA BEAY HA49) wun FYFgude] 8-S A" 2ga YA, ACE g4 ue
g Z3 H &35S Al = S8 YA

3
%l

|

2 rhe
rlE

JIN

—

oo N
F rlo N

o

1) AelAbel= 2Ee, Ao E e 92 AeAo|= B4 FEWN, Co, Ta, W, B Mo) 9 $& Saeta, 47] 4e)
AOIE B FE A E o] GellE FRES Ao Ee EHHE 3 AYACISE YA A3 AAllY
$HE FAT, A7) 0A B AA9 BAE w2A7)7] A0 VG5 AL FAFo2A THA,
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g Ao B4 AAE EAXE FA%e A2 Byl F JoH, I utee 7138 =gd Rt g $& ¥
Aote @A ENX 9 ¥ (sidewal) EH HES FA5HE W, AE fAAE P GAlE EA Y vt
& Yo, YT FE A SAE EAXE S At A o] dYate| =2 MEH A7 fEl, 37 EW
A Agatel= Yo HPA L, W A Ex 5 R FolH 1 EAX S uigd gle AE fAAE d&
o

T o) FA Zdo w2y, T dE Fo] Ao|E G FHHER o|F WL/ E F2EC] F4EY. o Wi
A AE d99 WA FEo2RE B AADF AE 499 FHA FEORNE Edo] A7, IR F
EE =EA0T 7] 718 EE FE0 ACE AV B A 1vlg S35t A 122 Fol AlE RAAE

TFEAED Al 2g 4 A 24 o] FAHL FF FEs} A} Aol E GGl A, Al 1eE S A 2vF F9)
Besty F23 mF HE5E AHE dgrol= FEe] F4d

Aol 49 & REES HE Al 3HYE 5& Yok, Agrtel= A4 A2 3& 1 9 SFsta, APatel= &
A& FPFozN FYA0. Agrlels FHL A 12 A 24 E FE] A/ B2 e A2 A 348 E F2
A& 9 Aeatols HA vF o] vg-S Xgete g YAl =8 AU FAA B2 HAAHE =E3ANT
71918 Bas I A, dgd HE SA=E AE YRR FEHLR AAL § Y3 wEhA vy &
B3 SALo|= FEL AT FAA EA A9 weel A3 HAx(recess) B A 3HHE S 7] HA2E F
HEER 7] Aol =k a9 o] ALE ST

g & 0 Sud wad 7] ACE F2ES 2 NEA AV AT A7) 2749 AE PRI
7) A e w9 vig ki olF wE giA ACER 47 Alxd 5 U

B oo A e A Ao FA YRE oz Ayd AQd, gu] Fe| A F Ao E 28lo] 7@ AR &
29 =299 990 JAHAZFT AALHT} & IARE E 1CE B AoE TXE /M2EH), o] ZiAA A dF
E Eug o AAde Suygoln), £ IAE TRE(10)9 HUEQHE, p+ EYAUZ AIEAD & nt+ F S A
0]E(12) & ¥¥sta Ytt. £ 1A EARA HH, n+ & p+ UL FEFF oy o] T2EL SRAM £AEA A
Aoz wAEY A5E 2(13) ¥ HDP A0 =(14) 7t A9 E 9992 25 31 FekslE oA AlolE F9(11,12)9]
=E2HAT (B g o] AN do)A, A2 A9 T4 L7 43 SAelE G (14)S BPSG Buh HDP SAlo| =
7} o wtgEsltl) £ 1B & v AolE 94 9(11,12)0] 71(1)E B2 A A0E FA}ol= F(15) Ho 88 1
a3 Y AR gE st £ 1CE g 2 A E AolEY 7 W & AsHE(13)7} HDP A0 =(14H)E
RoFE= 7129 g solt),

47 B Ao\ 29t 84 Ao E SAIEA AAR F, Y FO1EA S AU ATY VF FES FAD)) 1 234
Pashe BaXd 2251, 47 SdAE 29HA $e FeE ge AaY 2AR AP0 FlAgEe o)
Aol e meg AT e Aol =2 wad = gk

7] AE AllE T

8L ool ARH U2 F QUGE 2 DA WD AC)E B+ g pr AE JHES
J8 M= e dgTE

Zhiz ol Wg Ao EVF & F Yt
A 1A T wE A A o) E(Single-metal replacement gate)

B ANAME, v FdeE A E F2E(11L12)E0] TLE TR AAHI, ASHE(13) | S| =(14) 9
g8 AL AU ZE A FA0] ALEE ) o] FAL V) FA SALlE F(15)S mFA T o] A T A
Adr}, whebA, EAX(20)= A3E2] 59 (133, 13b)F vlete) 7|81 =28 P2 37 F39th A=EE Ao
E §RAA )7 =28 71994 S&RAF Ao} €4 A4 T4 (thermal growth process) o 98] AT 52 wg
Z(conformal layer of metal, 26) ©] E&AX ] SHEF AoE FAACHE dous B4R Fo2M FEHEG £ )
ZRolo £UH FEAENA olF = Enle} 2], A7) F(26)9] F7A9} /3 (composition)& LFEHE ATTE AT
=5 X980 T 249 ® 2BE HE F(26)0] $FE T T2EL A2 W Jt2 B 242 gig g zely.,

=35 x 8-S oha A A (polycerystalline) X 8] A A (amorphous) A& &9 B33 3(31)0] A7) EAX(20)E A-&vt
& FEY FAZ A 2026) 942 FFFG. A7) @D UF FE-2 2o EAA 1S ATHEF AEEHE,
dE 59, ZeAgE uAgd ATy T ntFA S SH EAS et wE AT A7) 231 3 26)2 bt

- 4 —_
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82

BHAE CMP o 93] FEHE 1 eha 4] SAL = JAE A eEH D EAA $4 BA A4
(31)€ 175 FAHRF] SN AARTY, 1 A FAEE € BAGIZEF BH) % % 3BOFRIE W) of B4
o Qe

ool Qe|Alo| =8 Wyar) o] AAR wigel BAF FUDe] FHETE 4A,4B). o] WEL Co, Ta, W, Mo
R ALNIC] B 4 ek, ool Aejabe = Fgo) AN R AANT AHGE o) 71& okl A FAH AU, B
2 7] EdlA) 24 B4 AR EGEDE ABAT 4] TR A AR thal mEA7]7)91 8 mrhe
Hesh 40 AYDTHCE 5A 9 ¥ 5B 32, kA A7) By AolE F2EE delitol= o] Y= v Mg A
o] Ed 93] AP HE 1C9 = 5BE ¥ ).

B FARL L 2 uA)S Ao X gorng welx T8I 7) £03 AL PrrE Ao,
A2 AA e o] vg A A o] E(Dual-metal replacement gate)

B AN AE, 27 BF] p+ B ot SHAHE ARE FEE MAHLE AAHT, ol EYHE 7E2EY vt
7ol AARA & A& YR & 62 A7) p+ GH] ACJE(DS] vt 7] n+ T Ao E(12) H dell 2
U A7) S A AO|E SALe]=(15)8 AIA S} 7] wpaAe AA Fo FXES EASI itk wEbA 718 (1) o dF-E
o] ;& o] vk BAR AlC|E A F(75)0] B4 & TFHIL, EFA v S(76)°] 29 SHAH(RT).

SR HR L A A (polycrystalline) B2 ¥4 & (amorphous) A& &22] E#7] £(81)0] A7) Z(76) 912 S& 9t}
A 1AN A g} o], A7) (81 FAL HH 2 EdX $4E& AFHEF A A7) FREL gy AoE
(IDE A =&2A717198 getsts) m, nhabs FA 52619 H49W8la)d TP WA JADD. Bes F4&
dZ E9 ZE/mA A AelEY CMP 9 22 gdd GAWA A==, A A E(N1D o EhY 37X
A7) W& Z(76)2) CMP € A&adA A8 5 Q) g2 ez s Jed T Ao F Az AP, dE &
a, ZYHYZ ACIEAD & B 3= g (762 237X F/MA A A9 CMPE 3811, o] 5o ¢ e
AA FRE AR, HEEFA o] F FXEL & 8 EAHAT

A7) F2EL A7) G pr EHAYE A)EADS AAE 585 vhag Bk 47 Hrl pr FeldE Aol
(DE oI 84 Al SAe|=(15) S $A AA BT 471 94 $A| =2 AAREF, 47) AR 29
(765)% SR A7) AN E 434 $(75)9) Lol T AAR = 9 37 vhaat AARD A7) eAEE
ARRS] FEEE BT QE, WY FH(765)0] =FH0) 9&-F F2)s)oF Bk,

A3t AL A7) wE2E AYE EUE Yol AYHuZ, SAlo)= F(85)¢] 7% mEE i FAHHI KAlo|=
(86)7F /M)A A AYE FBDY g AR 7] At 3L AP H o2 ¢k 900°C 7141 ¢ RTA(rapid

thermal anneal)E ¥383}7) W&, A0 = F(95)2 vE (76)9] 47 =&d TW o FAAIANE 10A F=x). &
7] o]F W& Ao E o}y 24 A7) ACE FAA H(88)2 AV FE(75 2 85)2) Atela EA Y AN dHd,

5 10B ol E=A1E nlo} Zo), A AR vlE F(96)0] F2HTE o] A TA A9} o], ol EAZ g F ¢
ol =R e GA44A £ 8lAd A E 0D 49 47 FRELS T IIANENTE dduE)9 = 11B
CrEAE g ) mA " A7) FRE) AFHES FustEt £ 11A 2 = 11B% = 1BY = 1C9 ¥iE, 747
A7) g Ao|ES) 84 A|E SAol =t ofdje] ZH AOE FAAE 711 o]F WE AC|ER AAHASTE HAF
a gk

A7) Aol E Aol A7) AFE G(13)3 SAle|= G (14)d ta) A HASE A9 FAo APAr), 53], A
& 2E(81,91)-& A7) LAl =(14)0)] dis] B A2 T, Wld SAFo]=(95) o g 2E(76,96) AV AYE FE
(81,91)el thal Bl 2Et) B N&Rofi A £HE S ojsi =& vt} Zo), £ 7sd o FHE] A2
4 Atk A7) XY FA Y AnE E 12AM 2 gux)9 & 12BUFEWE g )] ZA H A

GAAA Ao BUA Fo] 233, whghA] A4 A8 E F(98)0] A7) o1F g ACEE YETtHE 13). o] 2
RIE & CMP (& 9] 23) o 98 Hetsld ol A8 E F(13) B FAlol=E F3(14)2 A &89, A7) 25
ZEL T MANZEE g E)9 £ 14BOEEEE 9 ) EA] H31t) o] X FAA A7) o]F g AelEx 1 3
A9 Ho) R $-31A4 EAET TY @ i Ao 99 ol E A 2HAHE 14B, & 11B%} v 1),
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Agarel= A dge] EH7) F(101)0] 47 F2E| F3HE, o] g2 Co, Ni, Ta, W, EE Mo % 3t/ 8 &
Q1 A B A= Ni o] & 4 qith Agale|l= FA o] A, 7] vg F(101) 7 47 A8 5098 =0 &
72 Ao = H(110)€ A3 AgAle| = (110)¢] Hasts o] A& F(13)3F SAlo|= F(14)0] A =51
o} A7) A3 F2REL & 16AN 2948 g5t & 16BUFE W G E)d EAHAT

7] AAY BAB £A(BAR S 33 o F Weks} T AW BA)E 7] EAXe] Y7} 70nm EE 2 o]
ol ahi, 7] Aol Eol] o8 A48 EAX(F, A2 vhFRE AsE S8 E(132,13b) Aol o FIDE A$710] 8
shois o] el B7ha Aot

B AN M 0]F vg Ao|E FxEo] dErle|s eSS FAE BG4V FRES AT ARE N S
& AFER) nFAFH, o) B} Ao =] GFE FA &3 o] dHG T YA T} (v T A
oA, A7) A AL =X NiSi, o3 7] o9 PL FA71A oA o) ol F ). wle Alo|ES} Alo)E LAlo] = Ale] 9
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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

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
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National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
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New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/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.

NVIDIA Corp.
Exhibit 1002
Page 305




PTO/SB/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 12/942.763
APPLICATION AS FILED — PART | 10907659
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
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SEARCH FEE '
/i N/A
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APPLICATION SIZE sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional
50 sheets or fraction thereof. See
(37 CFR 1.16(s)) 35 U.S.C. 41(a)(1)(G) and 37 CFR
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 195 390
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090
AP T DED - PART Il
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< REAMgg'RNG pnim R | TRt RATE (8) TIONAL RATE ($) TIONAL
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] Towl |. I - = OR =
Z | @7 crr1.160) Minus = X = X
Z | Independent |, . e = = o=
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<C | Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) N/A OR N/A
TOTAL TOTAL
ADD'T FEE OR  ADD'T FEE;
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< FApplication Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) N/A OR N/A
TOTAL TOTAL
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*

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 For" IN THIS SPACE is less than 20, enter *20".

*** 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 number found 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 1.14. 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 sentto the Chief Information Officer, U.S. Paten
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.
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