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

P.0O.Box 1450

Alexandria, Virginia 22313-1450

WWW. .L\SP[O.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 O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANTY(s) (Please see PAIR WEB site http://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). Blocks 1 through S should be compicted where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed lo the current 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) Transmiltal. This certilgwule cannol be used for any other accompanying
gapers. 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
PO BOX 3742 I hereby certify that this Fee(s) Transmittal is being deposited with the United
> 8 Sé‘}j(es czlstal tEWiCMe “1”? suflié:é'%lﬁpggggeggr first ll.;lass mail in an cnveln;;e
RALEIGH, NC 27627 addressed to the Mail Sto address above, or being facsimile
G - NC276 transmitted to the USPTO (571) 273-28835, on the date indicated below.
iDepositors e
[Signatue )
(Datey
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR \l ATTORNLY DOCKET NO. CONFIRMATION NO.
12/942,763 11/09/2010 Jongwon Lee 5649-2985 2294
TTTLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES
I APPLN. TYPE SMALL ENTITY I ISSUE FEE DUE I PUBLICATION FEE DUE l PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE ]
nonprovisional NO $1740 $300 $0 $2040 09/24/2012
l EXAMINER I ART UNIT [ crass-supcrass I
BROWN, VALERIEN 2897 438-592000
1. Change of correspondence address or indication of "T'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 fTorm PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2 & SAJOVEC, P.A.
() "Fee Address” indication (or "Fee Address" Indication form registered atlorney 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. e

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 (or
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

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

a. The following lee(s) are submitied: 4b, Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issuc Fee (X A check is enclosed.
& publication fee (No small entity discount permitted) W Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies & The Director is hereby authorized to charge t eé‘eqlgred fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number =02 2 Oenclose an extra copy of this form).

5. Change in Entity Status (from status indicated abg¥k)
Ha. Applicant claims SMALL ENTIFY status /Se¢ 37 CFR 1.27. . 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 ofithe United States Patent and Trademark Office.
i ¢ ]

Authorized Signature S v Dae July 24, 2012 .

Typed or printed name Gran{ - Scott Registration No. 3 6,925

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 application form (o the USPTO. Time will vary depending upon the individual case. Any comments on the amount ol time you require to complete
this form and/or su gestions for reducing this burden, should be sent to the Chief In?ormalion 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 COMMIEIRCE

NVIDIA Corp.
Exhibit 1102
Page 002



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 Sullnj-s'l's(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.
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Description Fee Code Quantity Amount Sullaj-s'l';(tsa)l in
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 e . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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155658
1 Issue Fee Payment (PTO-85B) 5649-2985_FeesTransmittal.pdf no 1
671d15ac886a87f243b9f9e5f7c702bc513¢
Warnings:
Information:
32380
2 Fee Worksheet (SB06) fee-info.pdf no 2
9e9ecd7c186117b4ba873376afe36¢76460)
eedde
Warnings:
Information:
Total Files Size (in bytes):| 188038

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

New Applications Under 35 U.S.C. 111

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

WW\V.\,\SP[ngOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

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

| 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 Jongwon Lee 5649-2985 2294
TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 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 (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

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

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

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

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.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

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

inéaicated 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 certi?icate 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
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 09/24/2012
| EXAMINER | ART UNIT I CLASS-SUBCLASS |
BROWN, VALERIEN 2897 438-592000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). (1) the names of up to 3 registered patent attorneys 1
[ 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
[J "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 name is 3
Number is required. listed, no name will be printed.

b

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.
(1 Advance Order - # of Copies (1 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)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is 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 va{hy deﬁendin upon the individual case. Any comments on the amount of time you require to complete
this form and/or stﬁggestions 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 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

WW\V.\,\SP[ngOV

| APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/942,763 11/09/2010 Jongwon Lee 5649-2985 2294
20792 7590 06/2212012 | EXAMINER |
MYERS BIGEL SIBLEY & SAJOVEC BROWN, VALERIE N
PO BOX 37428
RALEIGH, NC 27627 [ awronm PAPER NUMBER |

2897

DATE MAILED: 06/22/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

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

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

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

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

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

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. 213(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.
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. [J 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. [ Certified 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. [ ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) O including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
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Paper No./Mail Date _____.

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

7. J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
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Paper No./Mail Date
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Application/Control Number: 12/942,763 Page 2
Art Unit: 2897

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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Application/Control Number: 12/942,763 Page 3
Art Unit: 2897

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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Inre: LEE etal.

Serial No.: 12/942,763
Filed: November 9, 2010
Page 2

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;
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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

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
maierals.

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-forming-a
v-gate-electrode-on-the-gate-insulatinglayeris preceded-by-forming-a buffer gate
electrode comprises eemprising 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 sidewalis 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,

istration No. 36,925

USPTO Customer No. 20792
Myers Bigel Sibley & Sajovec
Post Office Box 37428
Raleigh, North Carolina 27627
Telephone: 919/854-1400
Facsimile: 919/854-1401

CERTIFICATION OF TRANSMISSION

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

Mgy bty

Gwen Bailey U

#1126912
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Office Action Summary Examiner ArLUnit
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 28 December 2011.
2a)] This action is FINAL. 2b)X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
8)[] Claim(s) is/are allowed.
7)XI Claim(s) 1-20 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[J Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] 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 * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No. ___
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 4) I:I Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ____
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 12/28/11. 6) I:I Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120113
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DETAILED ACTION

Claim Rejections - 35 USC § 102

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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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 (@) 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

[J 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(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

[1(2) The fee setforth 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

Xl 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,

Gréart J.

istration No. 36,925
Attorney for Applicant(s)
Customer Number 20792

Myers Bigel Sibley & Sajovec, P.A.

P.O. Box 37428, Raleigh, NC 27627

919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

| 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,

(,%MA/L R. Aaq

Name: Gwen R. Bailey

A
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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(use as many sheels as necessary)

Complete if Known

Application Number

12/942,763

Filing Date

November 9, 2010

First Named Inventor

Jongwon Lee

Art Unit

2829

Examiner Name

Valerie N. Brown

Sheet | C1 | of | ct

Attorney Docket Number

5649-2985

U.S. PATENT DOCUMENTS

Examiner | Cite Document Number

Initials* No.

Publication Date
MM-DD-YYYY

Number-Kind Code (if known)

Name of Patentee or
Applicant of Cited Document

Figures Appear

Pages, Columns, Lines, Where
Relevant Passages or Relevant

1. | US- 8,039,381 B2

10-18-2011

Yeh et al.

FOREIGN PATENT DOCUMENTS

Examiner | Cite No.
Initials*

Foreign Patent Document

Publication Date
MM-DD-YYYY

Name of Patentee or
Applicant of Cited Document

Pages, Columns, Lines,
Where Relevant Passages or
Relevant Figures Appear

Gountry Code, Number, Kind Code (if
known)

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite
Initials* | No.

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, journal, T
serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published

Examiner
Signature

Date
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

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 Su!lnj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
NVIDIA Corp.
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Description Fee Code Quantity Amount Sullaj-s'l';(tsa)l in
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 e . 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
1f5d6ec93032e0a0ee56047c57810a16264
Warnings:
This is not a USPTO supplied RCE SB30 form.
Information:
303608
2 5649-2985_|DS.pdf yes 3
6e486052fd8be3e90b8d6fbff3d55b5e ed
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
3eecBaa90a258860b2b93f37db14a13c90fY
Ob4d
Warnings:
Information:
Total Files Size (in bytes):l 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”.
***|f 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 | Appication or Docket Number | Filing Date
Substitute for Form PTO-875 12/942,763 11/09/2010 | [ 7o be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY |:| OR SMALL ENTITY
—
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L] asic Fee N/A N/A N/A N/A
(37 CFR 1.16(a). (b). or (c))
—
L1 seArch Fee N/A N/A N/A N/A
(37 CFR1.16(K). () or (m)
D EXAMINATION FEE
- (37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
B | THE on [
INDEPENDENT CLAIMS . N ~
(37 CFR 1.16(h) minus 8 = Xs = x$ =
If the specification and drawings exceed 100
0 sheets of paper, the application size fee due
QF;PCL;%?USN SIZE FEE is $250 ($125 for small entity) for each
{ 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 12/28/2011 | rrer PREVIOUSLY EXTRA RATE®) | Fee (g RATE (§) FEE (9)
E AMENDMENT PAID FOR
s ;I'?gia]l (37 CFR <19 Minus | = 20 -0 Xs$ = OR | x se0= 0
5 }
z | e 1-3 vins § 3 =0 S — 2
2 D Application Size Fee (37 CFR 1.16(s))
p—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j)) OR
TOTAL 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 ($) FEE ($) RATE (§) FEE ($)
— AMENDMENT PAID FOR
E T?;i') (87 CFR * Minus | ** - Xs = ORI xs =
= [ Independent . Minus [ == X$ = OR | xs =
O L BrCrR116() = = -
5 I:l Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADD’L
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

WW\V.\,\SP[ngOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

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

| 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 Jongwon Lee 5649-2985 2294
TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES

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

nonprovisional NO $1740 $300 $0 $2040 1272872011
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 (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

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

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

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

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.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

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

inéaicated 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 certi?icate 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
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 1272872011
| EXAMINER | ART UNIT I CLASS-SUBCLASS |
BROWN, VALERIEN 2829 438-592000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). (1) the names of up to 3 registered patent attorneys 1
[ 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
[J "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 name is 3
Number is required. listed, no name will be printed.

b

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.
(1 Advance Order - # of Copies (1 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)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is 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 va{hy deﬁendin upon the individual case. Any comments on the amount of time you require to complete
this form and/or stﬁggestions 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 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

WW\V.\,\SP[ngOV

| APPLICATION NO. I 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 | EXAMINER |
MYERS BIGEL SIBLEY & SAJOVEC BROWN, VALERIE N
PO BOX 37428
RALEIGH, NC 27627 [ awronm PAPER NUMBER |

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

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

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

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

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

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. 213(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.
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Application No. Applicant(s)

. . 12/942,763 LEE ET AL.
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
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requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-20.
4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
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INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [ ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) O 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 sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
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Art Unit: 2829

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 §: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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Page 2

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 secoﬁd 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; 7

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 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 dummvy 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.

10.  (Canceled)

11. (Currently amended) The method of Claim 189, 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 409, further comprising:

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

17.  (Currently amended) The method of Claim 489, 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 189, 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

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
imilg: 919/854-1401

CERTIFICATION OF TRANSMISSION

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

Kirsten Carlos ~ N
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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 to 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 (Optionai)

' 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
|:] Two months (37 CFR 1.17(a)(2)) $490 $245 $
[] Three months (37 CFR 1.17(a)(3)) $1110 $555 $
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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.

B OOOO

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.

lamthe [ ] applicant/inventor.

D 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

I‘_‘] attorney o nt under 37 CFR 1.34.
egispration humber if acting under 37 CFR 1.34

September 9, 2011

/ \/ Signature Date

Grant J. Sco 919-854-1400
24

Typed or printed name Telephone Number

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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42, US- 7,153,734 12-26-2006 Brask et al.
43. US- 7,153,784 12-26-2006 Brask et al.
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63. Us- 7,332,439 02-19-2008 Lindert et al.
64. US- 7,338,847 03-04-2008 Shaheed et al.
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‘ international application;
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examination under §1.114.
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notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is
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[1(1) The statement specified under 37 CFR 1.97(e), as follows:

] 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

[ 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
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[C1 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:

[C1(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 setforth 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.

ttorney for Applicant(s)

Customer Number 20792

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

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

| hereby certify that this correspondence is being transmitted via the Office electronic filing system in
accordance with 37 GFR § 1.6(a)(4) to the U.S. Patent and Trademark Office on November 30, 2010.
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UNITED STATES PATENT AND TRADEMARK OFFICE
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450
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APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FI. FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMS |
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CONFIRMATION NO. 2294
20792 FILING RECEIPT

MYERS BIGEL SIBLEY & SAJOVEC

PO BOX 37428 I

RALEIGH, NC 27627 00000044606388

QIR

Date Mailed: 11/24/2010

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Jongwon Lee, Hwaseong-si, KOREA, REPUBLIC OF;
Boun Yoon, Seoul, KOREA, REPUBLIC OF;
Sang Yeob Han, Anyang-si, KOREA, REPUBLIC OF;
Chae Lyoung Kim, Hwaseong-si, KOREA, REPUBLIC OF;
Power of Attorney: The patent practitioners associated with Customer Number 20792

Domestic Priority data as claimed by applicant

Foreign Applications
REPUBLIC OF KOREA 10-2009-0121108 12/08/2009

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 11/19/2010

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/942,763

Projected Publication Date: 06/09/2011
Non-Publication Request: No

Early Publication Request: No
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Title

Methods of Forming CMOS Transistors with High Conductivity Gate Electrodes
Preliminary Class

438

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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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
[06002] 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 containihg 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/em® ~ 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 piaéma 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/cm’®. The second photo resist
pattern 25 is removed.

[0017] Referring to FIG. S, 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. bmpurities 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/em’. 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 sidewail 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/em® ~ 1x10'7 ea/
em’, 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.

[06030] 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
clectrode 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 hafniumjoxide, tantalum oxide, silicon oxide and other high-k
dielectric layer. The gate insulating layer 18 may be formed to have a depth of about 30 A~
200 A by a method such as CVD, ALD or RTP. The buffer gate electrode 20 may comprise a
titanium nitride layer or a tantalum nitride layer. The buffer gate electrode 20 may be formed
to have a depth of about 20 A ~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/cm® ~ 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/em® ~ 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
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forming a silicon nitride to cover the dummy gate stack 24 and etching anisotropically the
silicon nitride to remain the silicon nitride on the sidewall of the dummy gate stack.

[0040] Referring to FIG. 24, a fourth photo resist pattern 29 is formed to cover the second
active region 16. A source/drain region 30 may be formed in the first active region 14 using
the fourth photo resist pattern 29 and the dummy gate electrode 22 and the spacer 28 as an
ion implantation mask. The source/drain region 30 in the first active region 14 may comprise
impurities of the second conductivity type. For example, the impurities of the second
conductivity type may be injected at an energy of about 10 KeV ~ 40 KeV and a
concentration of about 1x10'® ea/cm® ~ 1x10'7 ea/em’. 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 eafem”. 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 te 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] 