
UNITED STATES pATENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

12/942,763 08/28/2012 

20792 7590 08/08/2012 

MYERS BIGEL SIBLEY & SAJOVEC 
POBOX 37428 
RALEIGH, NC 27627 

PATENT NO. 

8252675 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

5649-2985 2294 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

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

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

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

APPLICANT(s) (Please see PAIR WEB site 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 

or fu 
Alexandria, Virginia 22313-1450 
(571 )-273-2885 

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

CURREKT CORRESPONDENCE ADDRESS (Note: Use Block t for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assi~nment or formal drawing, must 
have its own certificate of mailing or transmiss10n. 

20792 7590 06/22/2012 

MYERS BIGEL SIBLEY & SAJOVEC 
PO BOX 37428 
RALEIGH, NC 27627 

I Al'l'I.J( 'A'I'ION NO. I HUNG DATE I 
12/')42,763 ll/(~)/2010 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelor,e 
addressed to the Mail Stop ISSUE FEE address above, or being facsinule 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

r:-.;Jgn.llllr\.'1 

(!),!lei 

FIRST NA\1ED INVENTOR I AT'J'OlolNEY J)()( 'KI" Jl\( ), I ( 'ONI·IR.\1!\ II<)'\'\() 

.longwon Lee 5649-29~5 22'!..J 

TITLE OP INVENTION: METHODS OF FORMINO CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES 

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

BROWJ\, VALERIEN 2897 

I. Change of correspondence address or indication of "Pee Address'! (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

438-592000 

2. Par printing on the patent front page, list 

( l) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$2040 OW2..J/2012 

!MYERS BIGEL SIBLEY 

& SAJOVEC ~__P. A'- __ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3. I 1. 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 

!'lease check the appropriate assignee category or categories (will not be printed on the patent): 0 Individual Ill Corporation or other private gnntp entity 0 (iuwrnmL·nt 

cia. The following fee(s) arc submitted: 

Ill Issue Fee 

~Publication Fee (No small entity discount permitted) 

0 Advance Order- #of Copies _________ _ 

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

0 a. Applicant claims SMALL EN Y status/Se 37 CFR !.27. 

..Jb. Payment of Fee(s): (Please lirstt•capply any previously paid issm· fl'l· shown ahow) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 
!Zl The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 

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

Date tT1l J y 2 4+ 2012 

Registration No. ~--225 

This rollection of information is re(Juir- by :\7 CFR 1.:\ I I. The information is required to obtain or retain a benefit by the public which is to file (and hy the l 'S PTO to(''""'''" 1 
an aprlication. Confidentiality is ~fncd by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering. prepanng, and 
submllting 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 nHnpktc 
this form and/or sug~estions 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, Alexandna, Virginia 223I3-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. 13ox l..J50 
Alexandria, Virginia 22313-I450. ' 
Under the Paperwork Reduction Act of 1995, no persons ;u·e required to respond to a collection of information unless it displays a valid OMB control number. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12942763 

Filing Date: 09-Nov-201 0 

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 
Sub-Total in 

USD($) 

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 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 2040 
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Electronic Acknowledgement Receipt 

EFSID: 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-201 0 

TimeStamp: 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 I Document Description 
I 

File Name 
I 

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

1 Issue Fee Payment (PT0-85B) 5649-2985_FeesTransmittal.pd no 1 
671 d 15ac886a87f243b9f9e5f7 c702bc513c 

Odbl 

Warnings: 

Information: 

32380 

2 Fee Worksheet (SB06) fee-info. pdf no 2 
9e9ecd7c186117b4ba873376afe36c76460 

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 A~~lications 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 A~~lication 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/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication 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 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) 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 STA 1ES p A 1ENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

20792 7590 06/22/2012 

MYERS BIGEL SIBLEY & SAJOVEC 
PO BOX 37428 
RALEIGH, NC 27627 

EXAMINER 

BROWN, VALERIEN 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 06/22/2012 

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

12/942,763 11109/2010 JongwonLee 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 

nonprovisiona1 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: 

L 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 Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and l/2 
the ISSUE FEE shown above, 

IL 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, 

IlL 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. 
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PART B- FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail 

or Fax 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks l 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 
indicated unless corrected below or directed otherwise in Block l, 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) 

20792 7590 06/22/2012 

MYERS BIGEL SIBLEY & SAJOVEC 
PO BOX 37428 
RALEIGH, NC 27627 

APPLICATION NO. I FILING DATE I 
12/942,763 ll/09/2010 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
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) 

FIRST NAMED INVENTOR I ATTORNEYDOCKETNO. I CONFIRMATION NO. 

JongwonLee 5649-2985 2294 

TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

BROWN, VALERIEN 2897 

l. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

438-592000 

2. For printing on the patent front page, list 

(l) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$2040 09/24/2012 

2 ________________________ __ 

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

PLEASE NOTE: Unless an asstgnee 1s tdenlifted below, no asstgnee data w1ll appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth m 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) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order- #of Copies __________________ _ 

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

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

0 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 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, 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/ll) Approved for use through 08/3112013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA 1ES p A 1ENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/942,763 11109/2010 

20792 7590 06/22/2012 

MYERS BIGEL SIBLEY & SAJOVEC 
PO BOX 37428 
RALEIGH, NC 27627 

FIRST NAMED INVENTOR 

JongwonLee 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

5649-2985 2294 

EXAMINER 

BROWN, VALERIEN 

ART UNIT 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)-786-0 101 or (571 )-272-4200. 

Page 3 of3 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 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. 
Notice of Allowability Examiner Art Unit 

VALERIEN. 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 ALLOW ABILITY 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. [8J This communication is responsive to 02/28112. 

2. D 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. [8J The allowed claim(s) is/are 1-5 and21-30. 

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

a) D All b) D Some* c) D None of the: 

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

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

3. D 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. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment I 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. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Off1ce 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. [8J Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 03·11) Notice of Allowability Part of Paper No./Mail Date 20120612 
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Art Unit: 2897 

REASONS FOR ALLOWANCE 

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

Page 2 

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 aU -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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Page 3 

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 VALERIEN. 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 

Page 4 

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, call800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/VALERIE N BROWN/ 
Examiner, Art Unit 2897 
06112112 

/Fernando L. Toledo/ 
Supervisory Patent Examiner, Art Unit 
2897 

NVIDIA Corp. 
Exhibit 1102 

Page 014



Application/Control No. 

Search Notes 12942763 

Examiner 

VALERIE BROWN 

SEARCHED 

Class Subclass 
438 296 

SEARCH NOTES 

Search Notes 
Did an EAST class subclass search 
Did an EAST text search notes attached 

Class I 
438 I 592 

!VALERIEN BROWN/ 
Examiner.Art Unit 2829 

U.S. Patent and Trademark Office 

INTERFERENCE SEARCH 

Subclass I 
I 

Applicant( s )/Patent Under 
Reexamination 

LEE ET AL. 

Art Unit 

2829 

Date Examiner 
4/5/2011 VNB 
4/5/2011 

Date Examiner 
4/5/2011 VNB 
4/5/2011 VNB 

Date I Examiner 
6/7/2012 I VNB 

Part of Paper No.: 20t206t2 

NVIDIA Corp. 
Exhibit 1102 

Page 015



Application/Control No. Applicant( s )/Patent Under 
Reexamination 

Index of Claims 12942763 LEE ET AL. 

Examiner Art Unit 

VALERIEN BROWN 2829 

Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

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

CLAIM DATE 
Final Original 05/08/2011 09/22/2011 01/13/2012 06/12/2012 

1 ./ = ./ = 

2 ./ = ./ = 

3 ./ = ./ = 

4 ./ = ./ = 

5 ./ = ./ = 

6 ./ = ./ 

7 ./ = ./ 

8 ./ = ./ 

9 ./ = ./ 

10 ./ = ./ 

11 ./ = ./ 

12 ./ = ./ 

13 ./ = ./ 

14 ./ = ./ 

15 ./ = ./ 

16 ./ = ./ 

17 ./ = ./ 

18 ./ = ./ 

19 = ./ 

20 = ./ 

21 = 

22 = 

23 = 

24 = 

25 = 

26 = 

27 = 

28 = 

29 = 

30 = 

U.S. Patent and Trademark Office Part of Paper No.: 20t206t2 

NVIDIA Corp. 
Exhibit 1102 

Page 016



Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 12942763 LEE ET AL. 

Examiner Art Unit 

VALERIEN BROWN 2829 

ORIGINAL INTERNATIONAL CLASSIFICATION 

CLASS SUBCLASS CLAIMED NON-CLAIMED 

438 592 H 0 1 L 21 I 336 (2006.01.01) 

H 0 1 L 21 I 44 (2006.01.01) 

CROSS REFERENCE(S) 
H 0 1 L 21 I 88 () 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) H 0 1 L 21 I 4763 (2006.01.01) 

438 299 637 926 183 

257 E21.177 E21.621 E21.626 E21.64 

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

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 1 17 

2 2 18 

3 3 19 

4 4 20 

5 5 6 21 

6 7 22 

7 8 23 

8 9 24 

9 10 25 

10 11 26 

11 12 27 

12 13 28 

13 14 29 

14 15 30 

15 

16 

!VALERIEN BROWN/ 
Examiner. Art Unit 2897 06/12/2012 Total Claims Allowed: 

15 
(Assistant Examiner) (Date) 

/FERNANDO L TOLEDO/ 
Supervisory Patent Examiner.Art Unit 2897 06/18/2012 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 1 14 

U.S. Patent and Trademark Office Part of Paper No. 20120612 

NVIDIA Corp. 
Exhibit 1102 

Page 017



Attorney Docket No. 5649-2985 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: LEE et al. 
Serial No.: 12/942,763 
Filed: November 9, 2010 

Confirmation No.: 2294 
Group No.: 2829 
Examiner: Brown, Valerie N 

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

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sirs: 

Date: February 28, 2012 

AMENDMENT 

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

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

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

remarks. 

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

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

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

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

comprising: 

forming a gate insulating layer on a substrate; 

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

forming a dummy gate electrode layer on the buffer gate electrode layer. said 

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

materials gate 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; 

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; 

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

ffiyef-that contacts the first metal layer; 

removing an upper portion of the first metal layer from between the innef 

sidewalls of the spacers and the dummy filler layer; 

removing the dummy filler layer from bet\veen the inner sidevvalls of the spacers 

to expose the first metal layer; and 
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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 tayefs layer. a portion of the first metal layer having a U-shaped 

cross-section and the buffer gate electrode. 

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

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

electrode comprises titanium nitride said filling a space is follmved by a step of 

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

upper surface of the mold layer. 

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

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

hafnium oxide the dummy gate electrode and the dummy filler layer comprise the same 

materials. 

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

electrode and the dummy filler layer comprise§ polysilicon. 

5. (Currently amended) The method of Claim 1, wherein the said forming a 

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

electrode comprises comprising titanium nitride or tantalum nitride on the gate insulating 

ffiyef. 

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

forming a gate insulating layer on a substrate; 

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

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

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

different materials; 

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

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

electrode layer; 

forming electrically insulating spacers on sidewalls of the dummy gate electrode 

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

removing the dummy gate electrode from between the spacers by selectively 

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

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

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

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

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

second and third metal gate electrode layers comprising different materials; 

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

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

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

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

metal gate electrode layer having aU-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 aU-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 7 40), 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. 

USPTO Customer No. 20792 
Myers Sigel 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. 

#1126912 
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Application No. Applicant(s) 

12/942,763 LEE ET AL. 

Office Action Summary Examiner Art Unit 

I VALERIEN. BROWN 2829 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office 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 )IZ! Responsive to communication(s) filed on 28 December 2011. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 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. 

4)0 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)[8J Claim(s) 1-20 is/are pending in the application. 

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

6)0 Claim(s) __ is/are allowed. 

7)[8J Claim(s) 1-20 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

1 0)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 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) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8Jinformation Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 12128111. 

U.S. Patent and Trademark Off1ce 

PTOL-326 (Rev. 03·11) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20120113 
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Application/Control Number: 12/942,763 

Art Unit: 2829 

DETAILED ACTION 

Claim Rejections - 35 USC § 102 

Page 2 

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 (Y eh et al). 

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

layer (llO)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, Y eh 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 ll-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 5lines 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 5lines ll-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 6lines 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 5lines ll-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 1-1 0); 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 5lines ll-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 6lines 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 6lines 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, Y eh 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, Y eh 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 5lines 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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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 5lines 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, call800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/VALERIE N BROWN/ 
Examiner, Art Unit 2829 
01113112 

/HA TRANT NGUYEN/ 

Supervisory Patent Examiner, Art Unit 2829 
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a. period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 
b. 0 Other __________________________ _ 

3. [ Fees) 

a. [{] 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to 

Deposit Account No. _5~0:!:-~02:.2~0~-------

i. [{] RCE fee required under 37 CFR 1.17(e) 

ii. 0 Extension of time fee (37 CFR 1.136 and 1.17) 

iii. 0 Other ____________________________________ _ 

b. O Check in the amount of$ _______________ enclosed 

c. O Payment by credit card (Form PT0-2038 enclosed) 

WARNING: Information oi,Yt\lis form)ay become public. Credit card information should not be included on this form. Provide credit 
card information and a~tliorizatio.Yoh.PT0-2038. 

( /Sf ';NA 'T}JK€ OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 
Signature I ~ /I~§ I Date JDecember 28, 2011 
Name (Prlnt!Type) I Grant J.A~t / 1 Registration No. 136,925 

/ CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify that this corre$o;\dence is being deposited with the United States Postal Service with sufficient postage as first class mail in an envelope 
addressed to: Mail Stop RCE,I.itommissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted to the U.S. Patent and Trademark 
Office on the date shown below. 
Signature 1 

Name (Print!Type} I 1 Date 

This collection of mformat1on IS reqwred by 37 CFR 1.114. The 1nformat1on 1s required to obtain or reta1n a benefit by the public wh1ch 1s 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 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: Mail Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Attorney Docket No. 5649-2985 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Lee et al. Confirmation No. 2294 
Application No.: '12/942,763 Examiner: Brown, Valerie N. 
Filing Date: November 9, 20'1 0 Group Art Unit: 2829 
For: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE 

ELECTRODES 

Date: December 28, 20'1 '1 
Mail Stop Amendment 
Commissioner for Patents 
Box '1450 
Alexandria, VA 223 '13-1450 

INFORMATION DISCLOSURE STATEMENT TRANSMITTAL 
Sir: 

Attached is an Information Disclosure Statement listing of documents, together with a copy of any 

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

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

~ In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed: 

D ('1) within three months of the filing date of a national application other than a continued 

prosecution application under §'1.53(d); 

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

international application; 

D (3) before the mailing of a first Office Action on the merits; or 

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

examination under § '1. '1 '14. 

D In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the 

period specified in 37 CFR '1.97(b) above, but before the mailing date of any of a final action under § 1. '113, a 

notice of allowance under §'1.311, or an action that otherwise closes prosecution in the application, and is 

accompanied by one of the following: 

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

D 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 

D No item of information contained in the information disclosure statement was 

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

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

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

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

disclosure statement; or 

D {2) The fee set forth in § 1 . '17 (p); 
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In re: Lee et al. 
Application No.: 12/942,763 
Filing Date: November 9, 2010 
Page 2 of 2 

0 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: 

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

D 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 

D 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 

D (2) The fee set forth in §1.17(p); 

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

representation that a search has been made. 

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

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

as defined in §1.56(b). 

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

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

[g] 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. 

Customer Number 20792 
Myers Sigel Sibley & Sajovec, P.A. 
P.O. Box 37428, Raleigh, NC 27627 
919-854-1400 
919-854-1401 (Fax) 

CERTIFICATION OF TRANSMISSION 

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

cifuUAA !](.AM.~ 
Name: Gwen R. Bailey 
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Complete if Known 
Application Number 12/942,763 

INFORMATION DISCLOSURE FilinQ Date November 9, 2010 

STATEMENT BY APPLICANT First Named Inventor JonQwon Lee 
Art Unit 2829 

(use as many sheets as necessary) Examiner Name ValerieN. Brown 

Sheet I C1 I of I C1 Attorney Docket Number 5649-2985 

U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 
Initials* No. 

Number-Kind Code (if known) 
MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Figures Appear 

1. US- 8,039,381 82 10-18-2011 Yeh et al. 

FOREIGN PATENT DOCUMENTS 
Examiner Cite No. Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines, 
Initials* MM-DD-YYYY Applicant of Cited Document Where Relevant Passages or 

Relevant FiQures Appear 
Country Code, Number, Kind Code (if T 
known) 

NON PATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, journal, T 
Initials* No. serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published 

Examiner J Date 
Signature Considered 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. 
in conformance and not considered. Include copy of this form with next communication to applicant. 

Draw line through citation if not 
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Electronic Patent Application Fee Transmittal 

Application Number: 12942763 

Filing Date: 09-Nov-201 0 

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 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Miscellaneous: 

Request for continued examination 1801 1 930 930 

Total in USD ($) 930 
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Electronic Acknowledgement Receipt 

EFSID: 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-201 0 

TimeStamp: 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 I Document Description 
I 

File Name 
I 

File Size( Bytes)/ I Multi ~I Pages 
Number Message Digest Part /.zip (ifappl.) 
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160277 

1 
Request for Continued Examination 5649-2985_RCE_ Transmittal. 

1 
(RCE) pdf 

no 
1 f5d6ec93032e0a0ee5604 7 c5781 Oa 16264 

99528 

Warnings: 

This is not a USPTO supplied RCE SB30 form. 

Information: 

303608 

2 5649-2985 _I DS.pdf yes 3 
6e486052fd8be3e90b8d6fbff3d55b5e1 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 
3eec8aa90a258860b2b93f37db 14a 13c90f 

Ob4d 

Warnings: 

Information: 

Total Files Size (in bytes) 494638 

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

New A~~lications 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 A~~lication 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/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication 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 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

NVIDIA Corp. 
Exhibit 1102 

Page 051



u d h p n er t e aperwor k R d e uct1on A ct o 1995, no persons are requ;re to respon 

PATENT APPLICATION FEE DETERMINATION RECORD 
Substitute for Form PT0-875 

APPLICATION AS FILED- PART I 
(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 

D BASIC FEE N/A N/A 
(37 CFR 1 16(a), (b), or (c)) 

D SEARCH FEE 
(37 CFR 1 16(k), (i), or (m)) 

N/A N/A 

D EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) 

N/A N/A 

TOTAL CLAIMS 
(37 CFR 1.16(i)) minus 20 = 

INDEPENDENT CLAIMS 
minus 3 = (37 CFR 1.16(h)) 

If the specification and drawings exceed 1 00 

0APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

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

APPLICATION AS AMENDED- PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

12/28/2011 REMAINING NUMBER PRESENT 
f-- AFTER PREVIOUSLY EXTRA 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16'111 * 19 Minus ** 20 = 0 
0 Independent z (37 CFR 1.16(h)) * 3 Minus ***3 = 0 w 
~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

AFTER PREVIOUSLY EXTRA 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = w 1.16(i)) 

~ Independent * Minus *** = 0 37 CFR 1.16 hi I 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

*If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

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 
II f. f I d' I I'd OMB I b to a co ect1on o 1n ormat1on un ess 1t 1sp1ays a va 1 contra num er. 

Application or Docket Number Filing Date 

12/942,763 11/09/2010 D To be Mailed 

OTHER THAN 

SMALL ENTITY D OR SMALL ENTITY 

RATE($) FEE($) RATE($) FEE($) 

N/A N/A 

N/A N/A 

N/A N/A 

X$ = OR X$ = 

X$ = X$ = 

TOTAL TOTAL 

OTHER THAN 

SMALL ENTITY OR SMALL ENTITY 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

FEE($) FEE($) 

X$ = OR X $60= 0 

X$ = OR X $250= 0 

OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

FEE($) FEE($) 

X$ = OR X$ = 

X$ = OR X$ = 

OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

Legal Instrument Examiner: 
/AJAY R. DAVID/ 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

Th1s collection of 1nformat1on 1s requ;red by 37 CFR 1.16. The 1nformat1on 1s requ;red to obta1n or reta1n a benefit by the public wh1ch 1s to f1le (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-PT0-9199 and select option 2. 
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UNITED STA 1ES p A 1ENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

20792 7590 09/28/2011 

MYERS BIGEL SIBLEY & SAJOVEC 
PO BOX 37428 
RALEIGH, NC 27627 

EXAMINER 

BROWN, VALERIEN 

ART UNIT PAPER NUMBER 

2829 

DATE MAILED: 09/28/2011 

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

12/942,763 11109/2010 JongwonLee 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 

nonprovisiona1 NO $1740 $300 $0 $2040 12/28/2011 

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

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

HOW TO REPLY TO THIS NOTICE: 

L 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 Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and l/2 
the ISSUE FEE shown above, 

IL 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, 

IlL 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. 

Pagel of3 
PTOL-85 (Rev, 02/11) 
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I 

PART B- FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail 

or Fax 

Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks l 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 
indicated unless corrected below or directed otherwise in Block l, 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) 

20792 7590 09/28/2011 

MYERS BIGEL SIBLEY & SAJOVEC 
PO BOX 37428 
RALEIGH, NC 27627 

APPLICATION NO. I FILING DATE I 
12/942,763 ll/09/2010 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
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) 

FIRST NAMED INVENTOR I ATTORNEYDOCKETNO. I CONFIRMATION NO. 

JongwonLee 5649-2985 2294 

TITLE OF INVENTION: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

BROWN, VALERIEN 2829 

l. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

438-592000 

2. For printing on the patent front page, list 

(l) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$2040 12/28/2011 

2 ________________________ __ 

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

PLEASE NOTE: Unless an asstgnee 1s tdenlifted below, no asstgnee data w1ll appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth m 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) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order- #of Copies __________________ _ 

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

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

0 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 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. 
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Application No. Applicant(s) 

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

VALERIEN. 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 ALLOW ABILITY 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. [8J This communication is responsive to 09/09/11. 

2. D 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. [8J The allowed claim(s) is/are 1-20. 

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

a) D All b) D Some* c) D None of the: 

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

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

3. D 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. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment I 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. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Off1ce 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. [8J Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 03·11) Notice of Allowability Part of Paper No./Mail Date 20110922 
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Application/Control Number: 12/942,763 

Art Unit: 2829 

REASONS FOR ALLOWANCE 

Page 2 

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 VALERIEN. 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, HaT. Nguyen can be reached on 5712721678. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 
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Application/Control Number: 12/942,763 

Art Unit: 2829 

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

Page 3 

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, call800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/VALERIE N BROWN/ 
Examiner, Art Unit 2829 
09/22111 

/HA TRANT NGUYEN/ 
Supervisory Patent Examiner, Art Unit 2829 
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Attorney Docket No. 5649-2985 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: LEE et al. 
Serial No.: 12/942,763 
Filed: November 9, 2010 

Confirmation No.: 2294 
Group No.: 2829 
Examiner: Brown, ValerieN 

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

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sirs: 

Date: September 9, 2011 

AMENDMENT 

PATENT 

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 3 7 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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In re: LEE et al. 
Serial No.: 12/942,763 
Filed: November 9, 2010 

Page 2 

Listing of Claims: 

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

forming a gate insulating layer on a substrate; 

layer; 

fanning 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 

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 potiion of the first metal layer from between the inner sidewalls of the 

spacers and the dummy filler layer; 

removing the dummy tlller 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 itmer 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 ofthe mold layer. 

NVIDIA Corp. 
Exhibit 1102 

Page 064



In re: LEE et al. 
Serial No.: 12/942,763 
Filed: November 9, 2010 

Page 3 

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

dummy filler layer comprise the same materials. 

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

dummy filler layer comprise polysilicon. 

5. (Original) The method of Claim 1, wherein said fom1ing a dummy gate 

electrode on the gate insulating layer is preceded by f01ming 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 p01iion of 

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

layer and the mold layer as an etching mask. 

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

titanium nitride. 

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

forming first and second gate insulating layers on a substrate; 

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

layers, respectively; 

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

second dummy gate electrodes, respectively; 

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

with an electrically insulating mold layer; 

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

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

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

a mask to prevent removal of the second dummy gate electrode; 
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In re: LEE et al. 
Serial No.: 12/942,763 
Filed: November 9, 2010 

Page4 

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 fi·om between the itmer sidewalls of the first spacers to 

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

between inner sidewalls ofthe 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 aMOS transistor, comprising: 

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

fanning 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; 

fanning a first metal pattern at a lower pmiion 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 

fanning a second metal layer in the second trench and the third trench to fonn a first gate 

electrode on the first active region and a second gate electrode on the second active region,. ... 
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In re: LEE et al. 
Serial No.: 12/942,763 
Filed: November 9, 2010 

Page 5 

wherein the fonning 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 fom1ed between the mold insulating layer and 

the dummy filler layer to fonn the first metal pattem at the lower portion of the first trench, using 

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

10. (Canceled) 

11. (Cunently amended) The method of Claim -l-G2_, 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 fmmed 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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Serial No.: 12/942,763 
Filed: November 9, 2010 

Page 6 

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 fonn the first 

metal pattern. 

16. (Currently amended) The method of Claim +G2_, further comprising: 

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

17. (CuiTently amended) The method of Claim +G2_, further comprising: 

fanning 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. (CuiTently amended) The method of Claim +G2_, wherein the fmming 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 +G2_, wherein fanning the second 

metal layer in the second trench and the third trench respectively. 
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Serial No.: 12/942,763 
Filed: November 9, 2010 

Page 7 

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 1 0 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 assetied by the 

Official Action. In patiicular, Applicants respectf1.1lly 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-metallayer 246 (or 256) in FIGS. 2A-2D of Lim et al. However, this P­

metallayer 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 thi1mer 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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In re: LEE et al. 
Serial No.: 12/942,763 
Filed: November 9, 2010 

Page 8 

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 pmiicular, Applicants have amended Claim 9 to highlight, among other things, 

the embodiment ofFIG. 14 ofthe 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 ofthe 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 potiion 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, Nmih Carolina 27627 
Telephone: 919/854-1400 
Facsimil : 919/854-1401 

CERTIFICATION OF TRANSMISSION 

is being transmitted via the Office electronic filing system in accordance with * 1.6(a)(4) 
o September 9, 2011. 
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PTO/SB/22 (04-09) 
Approved for use through 05/31/2009. OMB 0651-0031 

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) 

FY 2009 

Docket Number (Optional) 

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): 

D 
D 
D 

Fee Small Entity Fee 

[{] One month (37 CFR 1.17(a)(1 )) $130 $65 

D Two months (37 CFR 1.17(a)(2)) $490 $245 

D Three months (37 CFR 1.17(a)(3)) $1110 $555 

D Four months (37 CFR 1.17(a)(4)) $1730 $865 

D Five months (37 CFR 1.17(a)(5)) $2350 $1175 

Applicant claims small entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enclosed. 

Payment by credit card. Form PT0-2038 is attached. 

$ 130 

$ 

$ 

$ 

$ 

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

[{] The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number ...:5...:0,_-0::..:2::.::2::..:0'--------

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 PT0-2038. 

I am the D 
D 
[{] 

applicant/inventor. 

assignee of record of the entire interest. See 37 CFR 3.71. 
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96). 

attorney or agent of record. Registration Number_3_6..:..,9_2_5 ______ _ 

D atto~~~:~~nt under 37 CFR 1.34. 
~7 all2umber if acting under 37 CFR 1.34 

September 9, 2011 

A ( \J'"Signature 

Grant J. Scof) 919-854-1400 

Date 

v 
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. 

IZJ Total of forms are submitted. 
This collection of mformat1on 1s reqwred by 37 CFR 1.136(a). The mformat1on IS required to obta1n or retam 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 colloction 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, ca/11-800-PT0-9199 and select option 2. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12942763 

Filing Date: 09-Nov-201 0 

Title of Invention: 
Methods of Forming CMOS Transistors with High Conductivity Gate 
Electrodes 

First Named Inventor/Applicant Name: Jongwon Lee 

Filer: Grant J. Scott/Kirsten Carlos 

Attorney Docket Number: 5649-2985 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension- 1 month with $0 paid 1251 1 130 130 
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Sub-Total in 

USD($) 

Miscellaneous: 
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Electronic Acknowledgement Receipt 

EFSID: 10916528 

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/Kirsten Carlos 

Filer Authorized By: Grant J. Scott 

Attorney Docket Number: 5649-2985 

Receipt Date: 09-SEP-2011 

Filing Date: 09-NOV-201 0 

TimeStamp: 16:13:54 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $130 

RAM confirmation Number 3124 

Deposit Account 500220 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Document Description File Name 

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

632270 

1 2985Amendment.pdf yes 8 
880eab4d6174 78a51 Od6f33c348cbe24c74 

a0f32 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Claims 2 6 

Applicant Arguments/Remarks Made in an Amendment 7 8 

Warnings: 

Information: 

118606 

2 Extension of Time 2985ExtTime.pdf no 1 
835e 1 c3767648139a990d41 Oc157 e8b9e0a 

1b77c 

Warnings: 

Information: 

30170 

3 Fee Worksheet (SB06) fee-info. pdf no 2 
dbf11 eb84c190300e99b 1 c275b607ac7 cb7 

c3b82 

Warnings: 

Information: 

Total Files Size (in bytes) 781046 

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 A~~lications 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 A~~lication 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/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication 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 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) 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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u d h p n er t e aperwor k R d e uct1on A ct o t 995, no persons are requ1re to respon 

PATENT APPLICATION FEE DETERMINATION RECORD 
Substitute for Form PT0-875 

APPLICATION AS FILED- PART I 
(Column t) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 

D BASIC FEE N/A N/A 
(37 CFR 116(a), (b), or (c)) 

D SEARCH FEE N/A N/A 
(37 CFR 116(k), (i), or (m)) 

D EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) 

N/A N/A 

TOTAL CLAIMS 
minus 20 = (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 

0APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 50 sheets or fraction thereof. See 
35 U.S. C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

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

APPLICATION AS AMENDED- PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

09/09/2011 REMAINING NUMBER PRESENT 
f-- AFTER PREVIOUSLY EXTRA 
z AMENDMENT PAID FOR 
w 

Total (37 CFR :;:;;: 
1.1611)) * 19 Minus ** 20 = 0 

0 Independent z (37 CFR 1 .16(h)) * 3 Minus ***3 = 0 
w 
:;:;;: D Application Size Fee (37 CFR 1.16(s)) 
<( 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

AFTER PREVIOUSLY EXTRA 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = w 1.16(1)) 

:;:;;: Independent 
* Minus *** = 0 37 CFR 1.16 h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
:;:;;: 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 

**If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

PTO/SB/06 (07-06) 
Approved for use through t/3t/2007. OMB 065t -0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
II f. f I d' I I'd OMB I b to a co ect1on o 1n ormat1on un ess 1t 1sp1ays a va 1 contra num er. 

Application or Docket Number Filing Date 

12/942,763 11/09/2010 D To be Mailed 

OTHER THAN 

SMALL ENTITY D OR SMALL ENTITY 

RATE($) FEE($) RATE($) FEE($) 

N/A N/A 

N/A N/A 

N/A N/A 

X$ = OR X $ = 

X$ = X $ = 

TOTAL TOTAL 

OTHER THAN 

SMALL ENTITY OR SMALL ENTITY 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

FEE($) FEE($) 

X$ = OR X $52= 0 

X$ = OR X $220= 0 

OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

FEE($) FEE($) 

X$ = OR X $ = 

X$ = OR X $ = 

OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

Legal Instrument Examiner: 
/AJAY R. DAVID/ 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

Th1s collection of 1nformat1on 1s requ1red by 37 CFR 1.16. The 1nformat1on 1s requ1red to obta1n or reta1n a benefit by the publ1c wh1ch 1s to f1le (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, ca/11-800-PT0-9199 and select option 2. 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/942,763 11/09/2010 

20792 
MYERS BIGEL SIBLEY & SAJOVEC 
PO BOX 37428 
RALEIGH, NC 27627 

Ul\TfED STI\TES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adill''' ~Sl1:fMI;",~~CJ'JER FOR PATENTS 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jongwon Lee 5649-2985 
CONFIRMATION NO. 2294 

PUBLICATION NOTICE 

111111111111111111111111]~!1]~~~~~~~~~1~~ ~~u~ ~11111111111111111111111111 

Title:Methods of Forming CMOS Transistors with High Conductivity Gate Electrodes 

Publication No.US-20 11-0 136313-A 1 
Publication Date:06/09/2011 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth 
in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 
Public Records, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and the 
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent 
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and 
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to 
publication, such status information is confidential and may only be obtained by applicant using the private side of 
PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STA 1ES p A 1ENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/942,763 11109/2010 

20792 7590 05/11/2011 

MYERS BIGEL SIBLEY & SAJOVEC 
POBOX 37428 
RALEIGH, NC 27627 

FIRST NAMED INVENTOR 

JongwonLee 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

5649-2985 2294 

EXAMINER 

BROWN, VALERIEN 

ART UNIT PAPER NUMBER 

2829 

MAIL DATE DELIVERY MODE 

05/1112011 PAPER 

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

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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Application No. Applicant(s) 

12/942,763 LEE ET AL. 

Office Action Summary Examiner Art Unit 

I VALERIE BROWN 2829 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office 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 )0 Responsive to communication(s) filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 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 

4)~ Claim(s) 1-18 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)~ Claim(s) 1-18 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 0)~ The drawing(s) filed on 09 November 2010 is/are: a)~ accepted or b)O objected to by the Examiner. 

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

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

a)~ All b)O Some * c)O 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) ~ Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) ~ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 11/09/10 and 11/30/10. 

U.S. Patent and Trademark Off1ce 

PTOL-326 (Rev. 08·06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20110421 
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Application/Control Number: 12/942,763 

Art Unit: 2829 

DETAILED ACTION 

Claim Rejections - 35 USC § 102 

Page 2 

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 5lines ll-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 1-1 0); 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 5lines ll-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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Application/Control Number: 12/942,763 

Art Unit: 2829 

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 5lines 5-65 and column 6lines 1-10); 

Page 3 

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 1-1 0); 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 ll-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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Application/Control Number: 12/942,763 

Art Unit: 2829 

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

Page 4 

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

nitride or tantalum nitride on the gate insulating layer (column 5lines 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 

Page 5 

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 5lines ll-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 1-1 0); 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 5lines ll-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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Page 6 

inner sidewalls of the spacers and the dummy filler layer (column 5 lines 5-65 and column 6 

lines 1-1 0); 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 1-1 0); 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 5lines 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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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, call800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Valerie Brown/ 
Examiner, Art Unit 2829 
05/07111 

/Ha T. Nguyen/ 

Supervisory Patent Examiner, Art Unit 2829 
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Attorney Docket No. 5649-2985 

METHODS OF FORMING CMOS TRANSISTORS WITH 

HIGH CONDUCTIVITY GATE ELECTRODES 

REFERENCE TO PRIORITY APPLICATION 

[0001] This application claims priority to Korean Patent Application No. 10-2009-0121108, 

filed December 8, 2009, the contents of which are hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods for manufacturing MOS transistors and, more 

particularly, to methods for manufacturing MOS transistors having gate electrodes formed of 

different metals. 

BACKGROUND OF THE INVENTION 

[0003] AMOS transistor is widely used as switching devices. In contrast to conventional 

MOS transistors containing a gate electrode which is formed of poly silicon, a metal material 

with superior electric conductivity better than the poly silicon have been used as the gate 

electrode of MOS transistors. MOS transistors are classified as n-MOS transistors or p-MOS 

transistors in accordance with the channel type which is induced beneath the gate electrode. 

The gate electrodes of the n-MOS transistor and the p-MOS transistor may be formed of 

different metals so that the n-MOS transistor and the p-MOS transistor have different 

threshold voltages. 

SUMMARY 

[0004] Methods of forming insulated-gate field effect transistors according to embodiments 

of the invention includes forming a gate insulating layer on a substrate and forming a dummy 

gate electrode on the gate insulating layer. Electrically insulating spacers are formed on 

sidewalls of the dummy gate electrode. These spacers and the dummy gate electrode are 

covered with an electrically insulating mold layer. An upper portion of the mold layer is then 

removed to expose an upper surface of the dummy gate electrode. The dummy gate electrode 

is then removed from between the spacers by selectively etching back the dummy gate 

electrode using the mold layer and the spacers as an etching mask. A first metal layer is 

deposited onto an upper surface of the mold layer and onto inner sidewalls of the spacers. A 

space between the inner sidewalls of the spacers is filled with a dummy filler layer (e.g., 

polysilicon) that contacts the first metal layer. An upper portion of the first metal layer is 
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removed from between the inner sidewalls of the spacers and the dummy filler layer. The 

dummy filler layer is then removed from between the inner sidewalls of the spacers to expose 

the first metal layer. A second metal layer is then deposited onto a portion of the first metal 

layer extending between the inner sidewalls of the spacers, to thereby define a metal gate 

electrode containing a composite of the first and second metal layers. 

[0005] According to some of these embodiments of the invention, the step of filling a space 

between the inner sidewalls of the spacers is followed by a step of planarizing the dummy 

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

In addition, the step of forming a dummy gate electrode on the gate insulating layer may be 

preceded by forming a buffer gate electrode containing titanium nitride or tantalum nitride on 

the gate insulating layer. In addition, the step of removing an upper portion of the first metal 

layer may include selectively etching the first metal layer using the dummy filler layer and 

the mold layer as an etching mask. This first metal layer may include titanium nitride. 

[0006] Still further embodiments of the invention include methods of forming CMOS 

transistors by forming first and second gate insulating layers on a substrate and forming first 

and second dummy gate electrodes on the first and second gate insulating layers, respectively. 

First and second electrically insulating spacers are formed on sidewalls of the first and second 

dummy gate electrodes, respectively. These first and second spacers and the first and second 

dummy gate electrodes are covered with an electrically insulating mold layer. An upper 

portion of the mold layer is removed to expose an upper surface of the first dummy gate 

electrode and an upper surface of the second dummy gate electrode. The first dummy gate 

electrode is selectively removed from between the first spacers using a mask to prevent 

removal of the second dummy gate electrode. A first metal layer is deposited onto an upper 

surface of the mold layer and onto inner sidewalls of the first spacers. A space between the 

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

metal layer. An upper portion of the first metal layer is removed from between the inner 

sidewalls of the first spacers and the dummy filler layer. The dummy filler layer is removed 

from between the inner sidewalls of the first spacers to expose the first metal layer. This step 

is performed concurrently with removing the second dummy gate electrode from between 

inner sidewalls of the second spacers. A second metal layer is then deposited onto a portion 

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

define a first metal gate electrode including a composite of the first and second metal layers. 

This step is performed concurrently with depositing the second metal layer into a space 
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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 KeY~ 300 KeY and a concentration of about lx10 13 ea/cm3 ~ lx1016 ea/ cm3
• The 

second well may be formed by an ion implantation process in which impurities of a second 

conductivity type opposite to the first conductivity type are injected in the substrate 10. The 

impurity of the second conductivity type may comprise an acceptor ion such as boron. For 
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example, the impurities of the second conductivity type may be injected at an energy of about 

70 KeY~ 200 KeY and a concentration of about 1x1013 ea/ cm3 ~ 1x1016 ea/ cm3
• The device 

isolation layer 12 may be formed after forming the first well and the second well. The device 

isolation layer 12 may comprise silicon oxide that is formed by a plasma enhanced chemical 

vapor deposition (PECYD). 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 (CYD), 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 CYD 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 KeY ~ 20 

KeY and a concentration of about 1x1013 ea/cm3 ~ 1x1016 ea/cm3
• The second photo resist 

pattern 25 is removed. 

[0017] Referring to FIG. 5, a third photo resist pattern 27 may be formed to cover the first 

active region 14. A LDD 26 may be formed in the second active region using the third photo 

resist pattern 27 and the dummy gate electrode 22 as an ion implantation mask. Impurities of 
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the first conductivity type may be injected into the second active region 16. The impurities of 

the first conductivity type may be injected at an energy of about 5 KeY ~ 30 KeY and a 

concentration of about 1x1013 ea/cm3 ~ 1x1016 ea/cm3
. The LDDs 26 may be formed of the 

same depth in the first active region 14 and the second active region 16, and diffused to the 

same distant below the dummy gate stack 24. The photo resist pattern 27 is removed. 

[0018] Referring to FIG. 6, a spacer 28 may be formed on a sidewall of the dummy gate 

stack 24. The spacer 28 may comprise a silicon nitride layer which is formed by a chemical 

vapor deposition process. The spacer 28 may be formed by a self alignment method. For 

example, a silicon nitride layer is formed to cover the dummy gate stack 24, and the silicon 

nitride layer is then anisotropically etched to remain on the sidewall of the dummy gate stack 

24. 

[0019] Referring to FIG. 7, a fourth photo resist pattern 29 may be formed to cover the 

second active region 16. A source/drain region 30 may be formed in the first active region 

using the fourth photo resist pattern 29, the dummy gate electrode 22 and the spacer 28 as an 

ion implantation mask. The source/drain region 30 may comprise impurities of the second 

conductivity type. The impurities of the second conductivity type may be injected at an 

energy of about 10 KeY~ 40 KeY and a concentration of about 1x1016 ea/cm3 ~ 1x1017 ea/ 

cm3
. The fourth photo resist pattern 29 on the second active region 16 is removed. 

[0020] Referring to FIG. 8, a fifth photo resist pattern 31 is formed to cover the first active 

region 14. A source/drain region 30 may be formed in the second active region 16 using the 

fifth photo resist pattern 31, the dummy gate electrode 22 and the spacer 28 as an ion 

implantation mask. The source/drain region 30 in the second active region 16 may comprise 

impurities of the first conductive type. For example, The impurities of the first conductivity 

type may be injected in the second active region 16 at an energy of about 10 KeY~ 50 KeY 

and a concentration of about 1x1016 ea/ cm3 ~ 1x1017 ea/ cm3
. The source/drain regions 30 in 

the first active region 14 and the second active region may be the same depth. The photo 

resist pattern 31 may be then removed. 

[0021] Although not shown in drawings, the source/drain region 30 may be formed by 

removing portions of the first active region 14 and the second active region 16 and filling an 

epitaxial silicon germanium with impurities of respective conductivity type in the removed 

portions of the first active region 14 and the second active region 16. 

[0022] Referring to FIG. 9, a mold insulating layer 32 is formed to cover the source/drain 

region 30 and the dummy gate stack 24. The mold insulating layer 32 may comprise a silicon 

oxide layer. The mold insulating layer 32 may be formed in a low pressure chemical vapor 
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deposition (LPCVD) process or plasma enhanced chemical vapor deposition (PECVD) 

process. The mold insulating layer 32 may be planarized such that the dummy gate electrode 

22 may be formed. The planarization of the mold insulating layer 32 may be performed by a 

method such as chemical mechanical polishing (CMP) or etch-back. 

[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 and a lower sidewall of the first trench 35. The first metal layer 36 may be formed 

symmetrically on both sidewall of the first trench 35. Therefore, the first metal layer 36 may 

be remained in the first trench 35 to form a first metal pattern with a 'U' shaped section. 

[0028] Referring to FIG. 15, the dummy filler layer 38 on the first active region 14 and the 

dummy gate electrode 22 on the second active region 15 may be removed to form a second 

trench 40 on the first active region 14 and a third trench 43 on the second active region. The 

dummy gate electrode 22 and the dummy filler layer 38 may be removed simultaneously in 

an etching process because the dummy gate electrode 22 and the dummy filler layer 38 are 

formed of poly silicon. Thus, the method for manufacturing aMOS transistor according to 

first embodiment can improve or maximize the productivity. 

[0029] The first metal layer 36 may be exposed in the second trench 40 on the first active 

region 14, and the buffer gate electrode 20 may be exposed in the third trench 43 on the 

second active region 16. The second trench 40 may be shallower than the third trench 43. The 

first metal layer 36 may be disposed on the bottom surface and the lower sidewall of the 

second trench 40. The second trench 40 and the third trench 43 may be different from each 

other in thickness. 

[0030] Referring to FIG. 16, a second metal layer 42 may be formed on the entire surface of 

the substrate 10. The second metal layer 42 may fill the second trench 40 and the third trench 

43. The second metal layer 42 may comprise at least one of aluminum, tungsten, titanium and 

tantalum that is formed by a method such as PVD or CVD. The second metal layer 42 may be 

formed without a void in the second trench 40 on the first active region 14. 

[0031] Referring to FIG. 17, the second metal layer 42 is planarized to expose the mold 

insulating layer 32. A first gate electrode 46 and a second gate electrode 48 may be formed 

on the first active region 14 and the second active region, respectively. The first gate 

electrode 46 and the second gate electrode 48 may be extended in a vertical direction to the 

direction of the source/drain regions 30 arrangement. The second metal layer 42 may be 

planarized by a method such as CMP or etch-back. The second metal layer 42 may be 

planarized to separate the first gate electrode 46 and the second gate electrode 48. The first 

gate electrode 46 and the second gate electrode 48 may be formed to have top surfaces of 

substantially equal level. The first gate electrode 46 may comprise the buffer gate electrode 
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20, the first metal layer 36 and the second metal layer 42. The first gate electrode 46 may 

compose a p-MOS transistor on the first active region 14. The second gate electrode 48 may 

comprise the buffer gate electrode 20 and the second metal layer 42. The second gate 

electrode 48 may compose an n-MOS transistor on the second active region 16. 

[0032] In general, the operating voltage of the n-MOS transistor and the p-MOS transistor 

may be different from each other. Current of the n-MOS transistor may be adjusted in 

accordance with a switching voltage. Thus, the second gate electrode 48 may comprise less 

than two metal layers in order to simplify the estimation of an electric resistance or a work 

function according to combination of the metal layers. The p-MOS transistor may be different 

from the n-MOS transistor in operating voltage. The first gate electrode 46 may comprise at 

least two metal layers because the p-MOS transistor performs a simple switching operation. 

For example, the operating voltage may be lower to the p-MOS transistor than to the n-MOS 

transistor. If a void is formed in the first gate electrode 46, operation characteristic of the p­

MOS transistor may be deteriorated. According to the first embodiment, the first gate 

electrode 46 does not have a void to thereby prevent the operation characteristic of the p­

MOS transistor from deterioration. 

[0033] Not shown in drawings, the mold insulating layer 32 on the source/drain region 30 

may be removed to form a contact hole, and a source/drain electrode may be formed in the 

contact hole. 

[0034] FIGS. 18 through 37 are cross-sectional views illustrating a method for manufacturing 

a MOS transistor according to a second embodiment of the inventive concept. Referring to 

FIG. 18, a first well and a second well may be formed in a first active region 14 and a second 

active region 16 that are defined by a device isolation layer 12 on a substrate 10. The first 

well may be formed by injecting impurities of a first conductivity type. The impurities of the 

first conductivity type may comprise donor ions such as phosphorus or arsenic ions. The 

impurities of the first conductivity type may be injected in the first well at an energy of about 

100 KeY~ 300 KeY and a concentration of about 1x1013 ea/cm3 ~ lx1016 ea/cm3
. The 

second well may be formed by injecting impurities of a second conductivity type opposite to 

the first conductivity type. The impurities of the second conductivity type may be injected in 

the second well at an energy of about 70 Ke V ~ 200 Ke V and a concentration of about 1x1013 

ea/cm3 ~ 1x1016 ea/cm3
• The device isolation layer 12 may be formed after forming the first 

and the second wells. The device isolation layer 12 may comprise a silicon oxide layer that is 

formed in a trench by a PECVD method. The substrate may be removed at a predetermined 

depth to form the trench. 
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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 hafnium oxide, tantalum oxide, silicon oxide and other high-k 

dielectric layer. The gate insulating layer 18 may be formed to have a depth of about 30 A~ 

200 A by a method such as CVD, ALD or RTP. The buffer gate electrode 20 may comprise a 

titanium nitride layer or a tantalum nitride layer. The buffer gate electrode 20 may be formed 

to have a depth of about 20 A~ 50 A. The dummy gate electrode 22 may comprise poly 

silicon that is formed by CVD. 

[0036] Referring to FIG. 20, a dummy gate stack 24 may be formed on the first active region 

14 and the second active region 16. The dummy gate stack 24 may comprise the gate 

insulating layer 18, the buffer gate electrode 20 and the dummy gate electrode 22. The 

dummy gate stack 24 may be patterned in a photo lithography process and an etching process. 

For example, the photo lithography process and the etching process may comprise forming a 

first photo resist pattern on the dummy gate electrode 22, and successively etching the 

dummy gate electrode 22, the buffer gate electrode 20 and the gate insulating layer using the 

first photo resist pattern as an etching mask. 

[0037] Referring to FIG. 21, a second photo resist pattern 25 may be formed to cover the 

second active region 16. An LDD (lightly doped drain) 26 is formed in the first active region 

14 using the second photo resist pattern 25 and the dummy gate electrode 22 as an ion 

implantation mask. Impurities of the second conductivity type may be ion implanted in the 

first active region. The impurities of the second conductivity type may be implanted at an 

energy of about 1 KeY- 20 KeY and a concentration of about 1x1013 ea/cm3
- 1x1016 ea/ 

cm3
. The second photo resist pattern 25 is removed. 

[0038] Referring to FIG. 22, a third photo resist pattern 27 may be formed to cover the first 

active region 14. An LDD 26 is formed in the second active region 16 using the third photo 

resist pattern 27 and the dummy gate electrode 22 as an ion implantation mask. Impurities of 

the first conductivity type may be ion implanted in the second active region. The impurities 

of the first conductivity type may be implanted at an energy of about 5 Ke V - 30 KeY and a 

concentration of about 1x1013 ea/cm3 ~ 1x1016 ea/cm3
• 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 CYD. The spacer 28 · 

may be formed by a self-alignment method. The self-alignment method may comprise 

9 

NVIDIA Corp. 
Exhibit 1102 

Page 164



Attorney Docket No. 5649-2985 

forming a silicon nitride to cover the dummy gate stack 24 and etching anisotropically the 

silicon nitride to remain the silicon nitride on the sidewall of the dummy gate stack. 

[0040] Referring to FIG. 24, a fourth photo resist pattern 29 is formed to cover the second 

active region 16. A source/drain region 30 may be formed in the first active region 14 using 

the fourth photo resist pattern 29 and the dummy gate electrode 22 and the spacer 28 as an 

ion implantation mask. The source/drain region 30 in the first active region 14 may comprise 

impurities of the second conductivity type. For example, the impurities of the second 

conductivity type may be injected at an energy of about 10 KeY~ 40 KeY and a 

concentration of about 1x1016 ea/cm3 ~ 1x1017 ea/cm3
. The fourth photo resist pattern 29 is 

removed. 

[0041] Referring to FIG. 25, a fifth photo resist pattern 31 is formed to cover the first active 

region 14. A source/drain region 30 may be formed in the second active region 16 using the 

fifth photo resist pattern 31, the dummy gate electrode 22 and the spacer 28 as an ion 

implantation mask. The source/drain region 30 may comprise impurities of the first 

conductivity type. For example, the impurities of the first conductivity type may be injected 

into the second active region 16 at an energy of about 10 KeY ~ 50 KeY and a concentration 

of about 1x1016 ea/cm3 ~ 1x1017 ea/cm3
• The source/drain region 30 may be formed at the 

same depth in the first active region 14 and the second active region 16. The fifth photo resist 

pattern 31 may be removed from the substrate 10. 

[0042] Although not shown in drawings, the source/drain region 30 may be formed by 

removing portions of the first active region 14 and the second active region 16 at both sides 

of the dummy gate stack 24 and filling epitaxial silicon germanium with respective impurities 

in the removed portions. 

[0043] Referring to FIG. 26, a mold insulating layer 32 is formed to cover the device 

isolation layer 12, the source/drain region 30 and the dummy gate stack 24. The mold 

insulating layer 32 may be formed by a method such as LPCYD or PECYD. The mold 

insulating layer 32 may be planarized to expose the dummy gate electrode 22. The 

planarization of the mold insulating layer 32 may be performed by a method such as CMP or 

etch-back process. 

[0044] Referring to FIG. 27, the dummy gate electrode 22 on the first active region 14 may 

be selectively removed to form a first trench 35. The removing of the dummy gate electrode 

22 may comprise forming a sixth photo resist pattern 34 to cover the second active region 16 

while exposing the first active region 14, and etching the dummy gate electrode 22 in a dry or 

wet etching process. The dummy gate electrode 22 may be removed using the sixth photo 
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resist pattern 34, the mold insulating layer 32 and the spacer 28 disposed on the substrate 10 

as an etching mask. The buffer gate electrode 20 may be used as an etch stop layer during the 

dummy gate electrode 22 etching. The sixth photo resist pattern 34 is removed from the 

second active region. 

[0045] Referring to FIG. 28, a first metal layer 36 is formed on the entire surface of the 

substrate 10. The first metal layer 36 may comprise a titanium nitride layer (TiN) that is 

formed by a method such as CVD or ALD. The first metal layer 36 may be formed of the 

same thickness on a bottom and a sidewall of the first trench 35 as well as a top surface of the 

first trench 35. If the first metal layer 36 is buried in the first trench 35, the first metal layer 

36 in the first trench 35 may comprise a void formed by overhang of the first metal layer 36. 

Thus, in the embodiment of the inventive concept, the first metal layer 36 may be formed to 

have uniform thickness on the bottom and the sidewall of the first trench 35. For example, the 

first metal layer 36 may be formed to have thickness of about 20 A~ 200 A. 
[0046] Referring to FIG. 29, a dummy filler layer 38 may be formed on the first metal layer 

36. The dummy filler layer 38 may comprise a silicon oxide layer that is formed by a spin on 

glass (SOG) method. The dummy filler layer 38 may completely fill the first trench 35. The 

dummy filler layer 38 may comprise a void in the first trench. 

[0047] Referring to FIG. 30, the dummy filler layer 38 may be planarized to expose the first 

metal layer 36. The dummy filler layer 38 may be planarized in a CMP process or an etch­

back process. The dummy filler layer 38 may be remained just in the first trench 35. 

[0048] Referring to FIG. 31, the first metal layer 36 on the mold insulating layer 32 is 

removed. An upper portion of the first metal layer 36 disposed between the mold insulating 

layer 32 and the dummy filler layer 38 may be removed to form a recess. The removing of 

the first metal layer 36 may be performed in a dry or wet etching process in which etching 

selectivity is over twice to the first metal layer 36 than to the dummy filler layer 38 and the 

mold insulating layer 32. The first metal layer 36 may be remained on the bottom surface of 

the first trench 35 and a lower sidewall of the first trench 35. The first metal layer 36 may be 

formed symmetrically on both sidewalls of the first trench 35. The first metal layer 36 may 

have U-shaped section as a first metal pattern. 

[0049] Referring to FIG. 32, the dummy filler layer 38 is removed to form a second trench 40 

on the first active region 14. The dummy filler layer 38 may be etched in an etching process 

in which etching selectivity is over twice to the dummy filler layer 38 than to the dummy gate 

electrode 22, the mold insulating layer 32 and the first metal layer 36. The second trench 40 

may be shallower than the first trench 36 because of the first metal layer 38. The first metal 
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layer 36 is form on a lower sidewall of the second trench 40. The second trench 40 may have 

a beginning of the same size as the first trench 35. 

[0050] Referring to FIG. 33, a second metal layer 42 is formed on the first metal layer 36. 

The second metal layer 42 may be formed on the entire surface of the substrate 10 while 

filling the second trench 40. The second metal layer 42 may comprise at least one of 

aluminum, tungsten and titanium that are formed by PVD or CVD. The second metal layer 42 

may be formed without a void in the second trench 40 on the first active region 14. Since the 

second trench 40 is shallower than the first trench 35 and has the beginning of the same size 

as the first trench has, the second metal layer 42 can be formed without forming an overhang 

at the beginning of the second trench 40. 

[0051] Referring to FIG. 34, the second metal layer 42 may be removed to be planarized. The 

planarization of the second metal layer 42 may be performed by CMP or etch-back. As a 

result, a first gate electrode 46 is formed on the first active region 14. The first gate electrode 

46 may be extended in a vertical direction to the arrangement direction in which the 

source/drain regions 30 are arranged. The fist gate electrode 46 may comprise the first metal 

layer 36 and the second metal layer 42. The first gate electrode 46 may compose a p-MOS 

transistor on the first active region 14. Material and thickness of the buffer gate electrode 20, 

the first metal layer 36 and the second metal layer 42 may be selected according to the 

desired electric resistance and work function of the p-MOS transistor. Since p-MOS 

transistors require a simple switching operation, the first gate electrode with more than 2 

metal layers may be adapted. 

[0052] Referring to FIG. 35, the dummy gate electrode 22 on the second active region 16 

may be removed to form a third trench 43 on the second active region 16. The dummy gate 

electrode 22 may be etched by a dry or wet etching process in which the dummy gate 

electrode 22 has etching selectivity to the second metal layer 42. When etching selectivity to 

the dummy gate electrode 22 and the second metal layer 42 is not sufficient, a seventh photo 

resist pattern may be formed on the first active region. The dummy gate electrode 22 may be 

removed then using the seventh photo resist pattern as an etch mask. The buffer gate 

electrode 20 on the second active region 16 may be exposed in the third trench 43. 

[0053] Referring to FIG. 36, a third metal layer 44 is formed in the third trench 43. The third 

metal layer 43 may be formed on the entire surface of the substrate 10. The third metal layer 

43 may comprise at least one of aluminum, tungsten, titanium and tantalum which are formed 

by PVD or CVD. The third metal layer 44 may be formed of the same material as the second 
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metal layer 42. The third metal layer 44 may be in contact with the buffer gate electrode 20 or 

the gate insulating layer 18. 

[0054] Referring to FIG. 37, the third metal layer 44 on the mold insulating layer 32 is 

removed to be planarized. The planarization of the third metal layer 44 may be performed by 

CMP or etch-back. The second gate electrode 48 may comprise the buffer gate electrode 20 

and the third metal layer 44. The second gate electrode 48 may compose an n-MOS transistor 

on the second active region 16. The n-MOS transistor is different from the p-MOS transistor 

in the operation voltage. Current in the n-MOS transistor may be controlled in accordance 

with a switching voltage. Thus, the second gate electrode 48 inay comprise less than two 

metal layers in order to simplify the estimation of an electric resistance or a work function 

according to combination of the metal layers. For example, the operating voltage may be 

applied lower to the first gate electrode 46 of the p-MOS transistor than to the second gate 

electrode the n-MOS transistor. In conventional device, the first gate electrode 46 is weak in 

a void defect. According to the second embodiment, however, the first gate electrode 46 does 

not have a void to prevent operation characteristic of the p-MOS transistor from deterioration. 

In the second embodiment of the inventive concept, the first gate electrode 46 is formed on 

the first active region before forming the second gate electrode 48 on the second active region. 

The second gate electrode 48 may be extended on the second active region 16 in a direction. 

The second gate electrode 48 may be extended vertically to the direction in which the 

source/drain regions 30 are arranged. 

[0055] Although not shown in drawings, the mold insulating layer 32 on the source/drain 

region 30 may be removed to form a contact hole, and a source/drain electrode may be 

formed in the contact hole. 

[0056] According to embodiments of the inventive concept, the first gate electrode 

comprising the first metal and the second metal can be formed on the first active region, and 

the second gate electrode comprising the second metal can be formed on the second active 

region. Therefore, the first gate electrode and the second gate electrode can be formed of 

different metals from each other. 

[0057] Further, the first metal layer is removed at the beginning of the trench in which the 

first gate electrode is formed, and the second metal layer is formed on the first metal layer. 

Therefore, the second metal layer can be formed without overhangs. 

[0058] Further more, the second metal layers of the first gate electrode and the second gate 

electrode are formed simultaneously such that the manufacturing process can be reduced, and 

thereby productivity can be increased or maximized. 
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[0059] The above-disclosed subject matter is to be considered illustrative and not restrictive, 

and the appended claims are intended to cover all such modifications, enhancements, and 

other embodiments, which fall within the true spirit and scope of the inventive concept. 

Thus, to the maximum extent allowed by law, the scope of the inventive concept is to be 

determined by the broadest permissible interpretation of the following claims and their 

equivalents, and shall not be restricted or limited by the foregoing detailed description. 
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WHAT IS CLAIMED IS: 

1. A method of forming an insulated-gate transistor, comprising: 

forming a gate insulating layer on a substrate; 

forming a dummy gate electrode on the gate insulating layer; 

forming electrically insulating spacers on sidewalls of the dummy gate electrode; 

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

mold layer; 

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

gate electrode; 

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

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

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

sidewalls of the spacers; 

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

that contacts the first metal layer; 

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

the spacers and the dummy filler layer; 

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

expose the first metal layer; and 

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

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

a composite of the first and second metal layers. 

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

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

surface of the mold layer. 

3. The method of Claim 1, wherein the dummy gate electrode and the dummy 

filler layer comprise the same materials. 

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

filler layer comprise polysilicon. 
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5. The method of Claim 1, wherein said forming a dummy gate electrode on the 

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

nitride or tantalum nitride on the gate insulating layer. 

6. The method of Claim 1, wherein said removing an upper portion of the first 

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

and the mold layer as an etching mask. 

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

nitride. 

8. A method of forming CMOS transistors, comprising: 

forming first and second gate insulating layers on a substrate; 

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

insulating layers, respectively; 

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

second dummy gate electrodes, respectively; 

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

with an electrical1y insulating mold layer; 

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

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

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

using a mask to prevent removal of the second dummy gate electrode; 

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

sidewalls of the first spacers; 

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

layer that contacts the first metal layer; 

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

the first spacers and the dummy filler layer; 

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

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

from between inner sidewalls of the second spacers; and 

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

between the inner sidewalls of the first spacers to thereby define a first metal gate electrode 
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of comprising a composite of the first and second metal layers concurrently with depositing 

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

thereby define a second metal gate electrode. 

9. A method for manufacturing aMOS transistor, comprising: 

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

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

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

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

disposed at both sides of the dummy gate stack; 

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

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

the mold insulating layer; 

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

trench, and removing the dummy gate electrode on the second active region to from a third 

trench in the mold insulating layer; and 

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

gate electrode on the first active region and a second gate electrode on the second active 

region. 

10. The method of Claim 9, wherein the forming of the second trench and the 

third trench comprises: 

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

insulating layer and in the first trench; 

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

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

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

and the dummy filler layer to form the first metal pattern at the lower portion of the first 

trench. 

11. The method of Claim 10, wherein the dummy gate electrode and the dummy 

filler layer are formed of the same material. 
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12. The method of Claim 11, wherein the dummy gate electrode and the dummy 

filler layer are formed of polysilicon. 

13. The method of Claim 11, wherein the forming of the second trench and the 

third trench further comprises: 

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

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

trench on the second active region. 

14. The method of Claim 11, wherein the first metal layer is removed by an 

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

filler layer and the mold insulating layer. 

15. The method of Claim 11, wherein the first metal layer is removed while 

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

metal pattern. 

16. The method of Claim 10, further comprising: 

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

17. The method of Claim 10, further comprising: 

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

electrode. 

18. The method of Claim 17, wherein the buffer gate electrode comprises titanium 

nitride or tantalum nitride. 
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19. The method of Claim 10, wherein the forming of the first gate electrode and 

the second gate electrode comprises: 

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

second trench and the third trench; and 

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

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

20. The method of Claim 10, wherein forming the second metal layer in the 

second trench and the third trench respectively. 
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ABSTRACT 

Provided is a method for manufacturing a MOS transistor. The method comprises 

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

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

stack comprising a gate dielectric layer and a dummy gate electrode; forming source/drain 

regions in the first active region and the second active region disposed at both sides of the 

dummy gate stack; forming a mold insulating layer on the source/drain region; removing the 

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

layer; forming a first metal pattern to form a second trench at a lower portion of the first 

trench, and removing the dummy gate electrode on the second active region to from a third 

trench on the mold insulating layer; and forming a second metal layer in the second trench 

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

electrode on the second active region. 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled METHODS OF FORMING CMOS 
TRANSISTORS WITH HIGH CONDUCTIVITY GATE ELECTRODES, the specification 
of which 

C8J is attached hereto 

OR 

0 was filed on as United States Application No. or PCT 
International Application Number and was amended on _____ (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 
C.F.R. § 1.56, including for continuation-in-part applications, material information that became 
available between the filing date of the prior application and the national or PCT international 
filing date of the continuation-in-part application. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or(f), or§ 365(b) of any 
foreign application(s) for patent, inventor's or plant breeder's rights certificate(s), or § 365(a) of 
any PCT international application which designated at least one country other than the United 
Slates of America, listed below and have also identified below any foreign application for patent, 
inventor's or plant breeder's rights certificate(s), or any Per international application having a 
filing date before that of the application on which priority is claimed. 

10-2009-0121108 Korea 12/08/2009 0 Yes 0 No 
I 

Number Country MM/DD/YYYY Filed Priority Claimed 
-· 

0 Yes 0 No 

Number Country MM/DD/YYYY Filed Priority Claimed 

0 Yes 0 No 

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

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

None 

Application Number(s) Filing Date (MM/DD/YYYY) 

Application Number(s) Filing Dale (MM/DD/YYYY) 

r hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s) or § 365(c) 
of any PCT international application designating the United States of America, listed below. 

None 

Application No. Filing Date Status 
Patented/Pending/Abandoned 

-· 
Application No. Filing Dale Status 

Patented/Pending!Abamloned 

Application No. Filing Date Status 
Palented/Pending/Abandoned 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

POWER OF ATIORNEY: As a named inventor, I hereby appoint the following registered 
attorney(s) to prosecute this application and transact all business in the Patent and Trademark 
Office connected therewith. 

Customer No. 20792 
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DECLARATION AND POWER OF ATTORNEY- CONTINUED 

I hereby authorize the above-named attorneys to accept and follow instructions from my Korean 
or United States representatives, Samsung Electronics, as to any action to be taken in the U.S. 
Patent and Trademark Office regarding this application without direct communication between 
the above-named attorneys and myself. In the event of a change in the persons from whom 
instructions may be taken, I will notify the above-named attorneys. 

Send correspondence to: 

Direct telephone calls to: 

Facsimile: 

Full name of first inventor: 

Residence: 

Citizenship: 

Mailing Address: 

Customer No. 20792 
Grant J. Scotl 

Myers Bigel Sibley & Sajovec, P.A. 
P. 0. Box 37428 

Raleigh, North Carolina 27627 
Telephone: (919) 854-1400 
Facsimile: (919) 854-1401 

Grant J. Scott 
(919) 854-1400 
(919) 854-1401 

Joogwon Lee 

/0/11 1~(0 

401-1003, Solbit Maeul Gyeongnam Anusvill Apt. 
Bansong-dong, Hwaseong-si 
Gyeonggi-do, Republic of Korea 

Republic of Korea 

Intellectual Property Team, Samsung Semiconductor 
Samsung Electronics Co., Ltd. 
San #16, llanwol-Dong, Hwasung -City 
Gyeonggi-do, Republic of Korea, #445-701 
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DECLARATION AND POWER OF ATTORNEY- CONTINUED 

Full name of second inventor: Boun Yoon 

Date: /f-1-A c?c.J. . .2--o /.:> 
Inventor's 
Signature: 

----------------------~ 

Residence: 

Citizenship: 

Mailing Address: 

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

Republic of Korea 

Intellectual Property Team, Samsung Semiconductor 
Samsung Electronics Co., Ltd. 
San #16, Banwoi-Dong, Hwasung -City 
Gyeonggi-do, Republic of Korea, #445-701 
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DECLARATION AND POWER OF ATTORNEY- CONTINUED 

Full name of third inventor: SangYeob Han 

Inventor's ( V I L/ 
Signature: c.:>~ i~ P / twY? Date: tO/ l9{ rc I o 

Residence: 

Citizenship: 

Mailing Address: 

602-601, Ggum Maeul Hyundai Apt. 
Pyeongchon-dong, Dongan-gu, Anyang-si, 
Gyeonggi-do, Republic of Korea 

Republic of Korea 

Intellectual Property Team, Samsung Semiconductor 
Samsung Electronics Co., Ltd. 
San #16, Banwol-Dong, Hwasung -City 
Gyeonggi-do, Republic of Korea, #445-701 
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DECLARATION AND POWER OF ATTORNEY- CONTINUED 

Full name of fourth inventor: Chae Lyoung Kim 

Inventor's 
Signature: --~--+----"l~,_!__-~+-- Date: { 0 /I q I > 0 ( 0 

Residence: 

Citizenship: 

Mailing Address: 

.... -----··-· ~-----

401, 837-17, Jinan-dong, Hwaseong-si 
Gyeonggi-do, Repuhlic of Korea 

Republic of Korea 

Intellectual Property Team, Samsung Semiconductor 
Samsung Electronics Co., LLd. 
San #16, Banwol-Dong, Hwasung -City 
Gyeonggi-do, Republic of Korea, #445-701 
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Attorney Docket No. 5649-2985 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Lee et al. 
Application No.: To Be Assigned 
Filing Date: Concurrently Herewith 
For: METHODS OF FORMING CMOS TRANSISTORS WITH HIGH CONDUCTIVITY GATE 

ELECTRODES 

Date: November 9, 2010 

Commissioner for Patents 
Box 1450 
Alexandria, VA 22313-1450 

INFORMATION DISCLOSURE STATEMENT TRANSMITTAL 
Sir: 

Attached is an Information Disclosure Statement listing of documents, together with a copy of any 

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

patent application publication is not provided herewith in accordance with 37 C.F.R. § 1 .98(a)(2}(ii). 

~ In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed: 

~ (1) within three months of the filing date of a national application other than a continued 

prosecution application under §1 .53(d); 

D (2} within three months of the date of entry of the national stage as set forth in §1.491 in an 

international application; 

D (3} before the mailing of a first Office Action on the merits; or 

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

examination under § 1. 114. 

D In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the 

period specified in 37 CFR 1 .97(b) above, but before the mailing date of any of a final action under §1. 113, a 

notice of allowance under §1 .311, or an action that otherwise closes prosecution in the application, and is 

accompanied by~ of the following: 

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

D 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 

D No item of information contained in the information disclosure statement was 

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

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

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

individual designated in §1 .56( c) more than three months prior to the filing of the information 

disclosure statement; or 

D (2) The fee set forth in § 1.1 7(p); 
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In re: Lee et al. 
Application No.: To Be Assigned 
Filing Date: Concurrently Herewith 
Page 2 of 2 

D 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: 

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

D 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 

D 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 

D (2) Thefeesetforth 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). 

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

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

[SJ No fee is believed due. However, the Director is hereby authorized to charge any deficiency or 
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(54) FET GATE STRUCTURE EQUIPPED WITH METAL GATE ELECTRODE AND SILICIDE 
CONTACTS 

(57)Abstract: 
PROBLEM TO BE SOLVED: To provide a method of 
producing one metal replacement gate or two metal 
replacement gate for a semiconductor device. 
SOLUTION: This structure contains silicide contacts 
with a gate region. A part of a substrate is exposed, by 
removing a dummy gate structure and a sacrificial gate 
dielectric, and a gate dielectric is formed on the exposed 
part. A metal layer is formed so as to cover the gate 
dielectric and dielectric materials. This metal layer, if it 
is convenient, can be made of a blanket metal layer 
covering a device wafer. Next, a silicon layer is formed 
so as to cover the metal layer. This layer can be also 
made of a blanket layer. Next, the top face of the 
dielectric materials is exposed, by performing flatting or 
etch back process. Other parts of the metal layer and 
the silicon layer remain in a gate region 11, and there is 
provided a front surface, having the same plane as the 
top face of the dielectric materials. Next, there are 
formed the silicide contacts, which are in contact with 
the metal layer in the gate region 11. 
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~m1~~••~m2~$~, oo~•~~•. ~~uoo~m2~~••~m2~$~~oo 
~2 J: 00 ~ 1J t fig * -1±" 0 i: .!:: ~<: ~ IJ , 00 ~2 7 - r llJ'i ~ ~<: 1!!1 ~~ ~ 78 .5X '9 0 A 7 'Y / ~ ~ G ~<: ft 
o~w~~~T. oo~m3~v0~~•~78.JJX'90A7~/~, 00~1!!1$~~~'907..7 

Uw::J<~ 1 3 J 
00 ~2 V 0 -lT -1 r' ~ F.Pi· 78 .5X '9 0 A 7 'Y / ~<: ~ v' T, 00 ~2 V l) -lT -1 F ~ 00 ~21!!1 ~~ ~ ~ !Jl '9 

0, ~w::J<~ 1 2 ~<=~2i\G~~Wo 
uw::J<~ 1 4 J 
00~V0-1T-1F~~~78.5X'90A7~/~-~. 00~7-r~~~~0M~~-~78.5X 

'9 0 /.. T 'Y / ~ ~ G ~<: ft 0, ~W ::1< ~ 6 ~<: ~2 i\G ~ ~ W o 10 
uw::J<~ 1 s J 
OO~V0-1T-1F~~~OO~J:OO~IJtfig*-1±"0i:.!::~~IJ, 00~7-rlll'l~~l!l"l$~% 

.IJX'90~W~~~T, 

00 ~2 7 - r ~ ~ ~ ~ v' , iJ' -::J 00 ~2 1!!1 ~~ ~ ~ !Jl '9 0 M ft ~ • ~ 78 .5X 9 0 A 7 'Y / .!:: , 
-'F !.fl. {t 911 f!l! ~ ~ 1f G T 00 ~2 J: 00 ~ !! 1±1 ~ -1±" , 00 ~2 M {t ~ • ~ - ~~ 53' iJ~ 00 ~2 1!!1 $ i*J ~<: ?~ ~ 

TOO~J:OOt~--'F00.!::~0~00~~'90~0~90A7~/t~~G~ftO, R::1<~6 

~<: ~2 i\G ~ ~ W o 
uw::J<~16J 

J: 00 ~ ~ '9 0 ~ ~ {* ;j;j ;JSl. .!:: ~ ~ '9 0 7- r ~ ~ ~ ~ ;fjj J: ~<: ~ 9 0 -"¥ ¥f {* 7'' ;'\ -1 A ~ ~ ~ 
T, 

lf- ~--~~r:p~00~2~;fjj~-~~~~~v', c.ttt~ffl!ll'90lf- ~--~~f*t, 

oo~7-r-~~~t~Mt-0~••t, 

~-00~00~~--.!::~MG, J:aOO~OO~J:OOt~--'F00~~0V0-1T-1F~~t~ 

uw::J<~ 1 1 J 
00~7-r~~~~$~~ugm~~'90r~~+tGTMgM0Gtt, 00~7-r~ 

~ i* iJ~ 00 ~2 r ~ ~ + ~ ~ ~~ ~ ~ v' , 00 ~2 ~ •• iJ~ 00 ~2 r ~ ~ + OJ ffliJ !!£ .!:: ~ ffl!ll G T ~ IJ , 00 
~2 V 0 -lT -1 F ~ ~ iJ~ 00 ~2 r ~ ~ + ~ 7t !Ji '9 0 , ~w ::1< ~ 1 6 ~<: ~2 iiG ~ -"¥ ¥f f* 7'' ; '\ -1 A o 
uw::J<~ 1 s J 

20 

oo~~-•~m10)~••~~um20)~••~-a~. oo~m10J~••too~m2~ ~ 
~ •• ~ FdH<= ~ • R {t ~ • ~ ~ G ~<: ft 0 , ~w ::1< ~ 1 6 ~<: ~2 iiG ~ -"¥ ¥f f* 7'' ; '\ -1 A o 

uw::J<~ 1 9 J 
00 ~2 V 1) -lT -1 r' ~ ~ ~ ~ 0 M {t ~ • ~ ~ G ~<: ft 0 , ~w ::1< ~ 1 6 P::: ~2 iiG 0) -"¥ ¥f f* 7'' ; '\ -1 A 

uw::1<~2 oJ 
00 ~2 v 0 -lT -1 F ~ ~ iJ~ , 
OO~J:OO~IJtfig~~J:a00~~'90V0-1T-1F$~.!::, 

OO~V0-1T-1F$~~~0, OO~J:OOt~--'FOOt~0J:a00~~'90M~~~~~/ 

~~~ttl~, 

00~-~~~~~/$~~00~7-r~~~~GT~~775-1~'90,R::1<~16~ ® 
~2 iiG OJ-"¥ ¥f f* 7 ;'\ -1 A o 

[~aJJOJ~$1ll~JmaJn 

[~VJIT~!Y] 

[0001] 
:;t II t;J: , 2js; II .!:: ~ 8 tc I±\ II ~ tL ~ ~ ~ )'t A tc ~ ill ~ tL tc. , I M e t h o d o f f o 

rming FET silicide gate structures incor 
porating inner spacersJ.!::@'90t±IIIFIS9-2003-0 
3 4 1 O)mJ:Jmt±\II~~Go 
[0002] 

:;t ~ ajj ti , r§i '11 ~~ -"¥ ¥f f* 7'' ; '\ -1 A , M tc ~ • 7 - r ~ ;fi!li ~ ,ElH' tc r§i ·11 ~~ C M 0 S ~lUI 7'' 50 
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J\ -1 A c7) !iiM 3fi ~z:: 00 '9 .Q o 
[ 1r ~ =J;nro J 
[0003] 
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C M 0 S 'f' ;\ -1 A c7) tj' ~'Ht 7J'I ~ tl ~z:: -:J ttl", C M 0 S 'f' ;\ -1 A c7) lf- r l&Hi f-* c7) J!l! ~ t 
2 0 A. 7S: iJ' 7S. IJ ~ @l .Q !f ~ 'it < 7S. -:> l" v' .Q o i:: n ~z:: J: IJ , lf - r i1ff tt ~ 7fit 7J' ~ G < ~ ::k G 
, ~ 1J v 1J ::z / • lf - r tfil 3fi 7J' G c7) r - 1' / r c7) :J=Jt ~ t ~ G < * ~ < 7S. -:> --r v' 0 c ~ 1J • 
'f' 7 v 'Y V s / )?)J * ( p o 1 y de p 1 e ti on e f f e c t ) t PiJ1 !a:' :h .Q i:: t 7J'I g? v' ) o 
[0004] 

m 1± t;L ~ IF.i lf - r 7S: fit! m G --r , ~ 1) • T-' 7 v 'Y v s / )?}] * 7S: ~ w G , r,llj n ~ mt 7S: mJ ifiiJ 
'9 .Q i:: t ~z:: J: I) , ~It ~z:: :It fJt ~ tt tc C M 0 S 7 ;\ -1 A c7) ~ 3(\ 1¥-J '11 ~g 7S: lit f* G l" v' .Q o JlH 1ft 10 

, ~ IF.i lf - r tJ: , lJ' ~ - • ~ 1J v 1J ::z / • lf - r 7S: ~ m ~z:: % P.Jt L td& ~z:: llffi ~ G , :z.- c7) fll. m 
~z:: ~ JF.i lf - r 7S: % P.lt '9 .Q I fJi ~ lf - r ( rep 1 ace men t gate) J 7 t1 -t A ~z:: J: -:> l" % P.lt ~ n 
.Q o ~ JF.i lf - r !i , n + lf - r llJi ~ :to J: '(f p + lf - r llJi ~ c7) jjlij:1J ~Z:: .& ~ i:: t 7J'I tiJ I) , ~ 'Y 

r' :¥ -1' 'Y 7 {± if 00 ~ 7S: ~ '9 .Q Jli - c7) ~ JF.i C' ;ffiJ P.lt '9 .Q i:: t 7J'I C' ~ .Q o tiJ .Q v' !i , fJi ~ lj - r 
ti , :t.- tt !;..( M ~z:: n + ~ 1) v 1) ::z / • lf - r :to J: 'Cf p + ~ 1) v 1J ::z / • lf - r 7J' r!=tlib --r v' tc 
mt~~mfli-t.Q, .7S..Qftif00~7S:~'902MMc7)~Jf.iC'tfiJP.lt'90t:.ttC'~0o 
[0005) 

:EJ!rJil.~f;ro£7)-{?UtLl", !Integration of dual workfun 
ction metal gate CMOS devicesJt!m'90Leeft!lc7)* 
oo 1M' ~If l±ltm m 2 o o 3 / o 1 1 9 2 9 2 -1% ~z:: tJ: , ~ IF.i lf - r 7S: % P.Jt -t 0 ~ ~ lf - r • 7 o 20 

-t A 7J'I ~2 liOC ~ tt l" v' .Q o i:: c7) 7° t1 -t A C' !J: , r - !::' / 7' L, tc ~ 1) V 1) ::z / • lf - r 7S: % P.lt 
G tc 1& ~z:: !lffi ~ G l", ~ v' tc r v / 7- 7J'I ~ .Q J: '5 ~z:: G, i:: c7) r v / 7- 1*1 ~z:: ;\ Jv!; ~ JF.i illS: it 
fJlt ~ -tt , :z.- c7) 1& c n 7S: .If ±l! ft G --r ~ IF.i ·7' - r 7S: % P.Jt -t 0 0 c c7) .:f. ~ C' tJ: , 2 JlH IJ c7) !liM m J: 
c7) rJJ ~m 7J' 1:. c: 0 c t 7J' tiJ 0 o m 1 c7) rJJ ~m tJ: , lf - r tfil m 7J' ~~" 1ft ~z:: *Ill v, :t:JJ it c tJJJ it ~z:: J: -:> --r 
!J: 7 o n m * irrm 7S. 2::' , 7- -v ;t, Jv -R 7J'~ ~F 1ft ~z:: lfi.R v' tJJJ it ~z:: t§ lli ) ~z:: r v / 7- c7) 7' A -'"'\ lJ r tt 7J'~ 
::k ~ < 7S. IJ , ~ IF.i t:p ~z:: ~ ~Ji\ 7S: 1:. t: .Q i:: t 7S. < r v / 7- c7) JE f~ 7S: 1:Y '5 i:: t 7J' IE ~l ~z:: 7S. .Q i:: t 
~tiJ.Qi:.tC'tiJ.QoJ;g2c7)~Jm~, ~JF.i.Iflm~7tJ-tA (JlH~~~$·-~· (CMP) 
) ~z:: :to v' l" , ~ IF.i c7) J!l! ~ 7J'I /f fey - ~z:: 7S. .Q ( G tc 7J' -:> l" ~ IF.i lf - r c7) ~ ~ t /f fey - ~z:: 7S. .Q ) 

'f' 4 'Y V / 7' )?}] * 7J'I J£ 1:. L, -'?> '9 v' i:: t C' tiJ .Q o 

[ J£ aJI c7) ~ ~ J 
[ J£ aJI 7J' tw tJ~; G J: '5 t '9 0 ~ 1m J 
[0006] 

* tc , ~ IF.i lf - r ~ Wi t 7S. 0 v 1) -lj- -1 r' m B 7S: m {t!; -t 0 c t t 'if!. * G v' 0 G tc 7J' -:> --r , 
!1lM 3fi 7J' ~ $] C' tiJ IJ , iJ' -:J ~ 'Y r :¥ -v 'Y 7 m ~ lf - r :to J: u 2 ~ IF.i m ~ lf' - r c7) jjlij 11 ~z:: ~ m 
'9 .Q i:: t 7J'I C' ~ .Q , V 1) -lj- -1 r m B 7S: 1illi 5t tc ~ IF.i lf - r C M 0 S 'f' ; \ -1 A 7J' &:'' ~ t ~ tt l" 

[ ll* 1m lS: fW tJI; '9 .Q tc lib c7) .:f. ~~ ) 
[0007) * J£ aJJ tJ: , i!lf t& J: ~z:: ·7' - r tfil m 7S: ~ -t 0 ~ ~ f* 'f' 1' -1 A 7S: f'F !1lM -t 0 11 ~ 7S: m {t!; -t 0 c t 

30 

~z:: J: IJ , J: J& c7) &:'' ~ ~z:: J!t 5t .Q t c7) C' tiJ .Q o i: J£ ajj c7) m 1 c7) t~ ~ ~z:: J: tt !;C i:: c7) 15 ~ C' !i , 40 

~ :m ~z::, -r 1\ -1 A c7) lf- r llJi ~ 4' c7) t.t '¥'!- 7S: llffi ~ G --r c -t 7S. t:> t> , lJ' ~ - • lf- r tfil 3fi :to J: 
lf•tt'i-rM~~lS:!lffi~Gl"), i!Jf~c7)-~97S:·I±I~-lt0o i!Jf~c7)·1±\Ltc~9c7)J: 

~z:: lf - r ~* ~ f* 7S: % P.Jt G , lf - r a ~ ~ :to J: u ~* ~ f* t.t '¥'!- 7S: -fl -? J: -? ~z:: ~ IF.i 11 7S: % P.Jt -t 0 
o i:: c7) ~ JF.i II !J: , :t.- tt 7J'I tff W it 7S. G , 'f' ; \ -1 A • r'J .:r. ; \ 7S: -f1 '5 / 5 / 7 'Y r ~ IF.i II ~z:: '9 .Q 

i:: t t C' ~ .Q o 1X v' C' , t:. c7) ~ JF.i II 7S: -fl '5 J: '5 ~z:: v 1) ::z / II 7S: % P.lt '9 .Q o t:. c7) V 1) ::z / II 
t /' 5 / 7 'Y r 11 ~z:: -t 0 c t 7J' C' ~ 0 o -:;x v' C' , .If ±l! ft * tc tJ: x 'Y 1- 1' 'Y 7 • 7° o -e A 7S: 
1:Y v' , ~ JF.i II :to J: 'Cf v 1) ::z / II c7) - g~ 9 7S: llffi ~ G , ~* ~ f-* t.t '¥'!- c7) J: ITii 7S: • 1±1 ~ 1L ~ 1i II 
:toJ:'CfVl)::Z/IIc7)ft!Jc7)~9~'i-rllJi~i*J~~-:>l"MM~;J;.t'f'l.c7)J:ITfit~-.IfZITiit'JS..Q 

~ oo 7S: ~ -t 0 J: '5 ~z:: -t 0 o -:;x v' C', lf- r llJi ~ c7) ~ li 11 t m ~!I! G tc v 1) -lj- -1 r m B 7S:% P.lt 
'9 .Q o 50 
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[0008] 
lf - !-- 1iJ[ ~ 0) J: ~c V l) -IT -1 r' )1; ~ ffl ~ Ji ( N i , C o , T a , W * tc. ~i M o ) 0) llllr ±it 

;fJl! ~ -~t , v lJ -IT -1 r' 11:: 7° o 1! :A. ;;~,r ~ H L- -c lf - r- 1lJl ~ ~c ~ -::> -c v • 0 ff~ 7t 0) v lJ ::1 / :f5 J: tJ 
VlJ-IT-1r')l;~ffl~Jillr~O~JiVlJ-IT-1r'llr)l;~L,, •m~~o-l!:A.Ilr~f'JL-'la·~ 
tt ;jBj. 0) 1: oo ;;~,r 11 1±1 ~ -~t 0 c:. t ~c J: -::> -c , v 1J -IT -1 r tf€ t,i. ;;~,r )1; ~ 9 0 c:. t 'h~ -r ~ 0 0 

[0009] 
~~-·lf-t-:ft;jBJ.O)•*~' ~oo~•~O)RI±\OO:St~~~0t-~/~O))l;~t~~9 

L. t 'h~ (! ~ 0 o l, tch~ -::> 'l , lf - 1-- a • {2j;: ~ )1; ~ 9 0 :A. 'T 'Y / '7! !-- ~ / ~ 0) ~ 00 'h~ 11 P tL 
, ~ Ji 11/lr )1; ~ 9 0 :A. 'T 'Y ~ '7! 1-- ~ / ~ 0) fllU !!if J: ~c ~ Ji 'h~ )1; ~ ~ tL , V 1) :J / 11/lr )1; ~ 9 
0 :A. :;- ·:~ 7° -r r- ~ / ~ 'h~ n t.Jl! ~ n 0 0 -t- 0) 1~ , v lJ ::1 / ;;~,r v lJ -IT -1 r ~c llii 11:: L- -c , r- ~ / 1 o 
~ 'h~ V 1) -IT -1 r' tf€ t,i. '7! 7'E tJ{ ~ n 0 J:: ? ~c 9 0 o ~ Ji lf - t- ~i f~U !!if J: 0) II '7! <!0 -::> 'l , t- ~ / 
~0)~000)Jf-J--a•~O)J:~i!0Go 

[0010] * ~ ajj 0) m 2 0) t~ ** ~c J:: n t;i:' , lf - r- 1lJl ~ ~c 2 ":) 0) ~ Ji llllr )1; ~ L- , 2 ~ Ji lf - r- m ~ 
~ )1; ~ 9 0 0 c:. 0) :n $ -r ti , lf - r- 1iJl ~ 0) • 1 0) ff~ 7t tJ• ~ tt ;jBj. ;;~,r ~ * L- , -t- 0) 1~ lf - r- 1iJl 
~0)$20)00Jt~~:ft;jq;;l,r-*l,'l, -~O)-ft00Jtllf:HI±\~-\i"Go-~O)~~I±\00JtO)J: 

~lf-r-a•~llf:)'f;~90o lf-r-a•~llr11?J:?~$10)~Ji8:f5J:lf$10)VlJ:J 

/ llllr )1; ~ L- , -t- 0) 1~ c:. n ~ ~ • tH 11:: 9 0 o m 1 0) ~ Ji 11 0) - oo 7t ;;~,r &HI:: 9 0 o c:. 0) ~ Ji 
~ 11:: ~ 11 'h~ , • 1 0) ~ Ji • e: m 2 0) ~ Ji • e: ;;~,r 7:i' liME 9 0 0 m 2 0) ~ Ji 11 :13 J:: lf m 2 0) v IJ 

:J / II llr )1; ~ L- , -t- 0) 1~ L. tt ~ ~ • tJHI:: 9 0 o ~ v • '7! , lf - t- 1iJl ~ J:j:1 ~c , m 1 0) ~ Ji 8 :f5 20 

J::lfm20)~JiiiW7JO)•m~L-k007tttf€M90VlJ-IT-1r'tf€R,i.llr)l;~90o 

[ 0 0 1 1 ] 

v lJ -IT -1 r' tf€ t,i. ti , lf - r- 1iJl ~ 0) w ff~ 7t ;;~,r 11 ? m 3 0) v IJ ::1 / 11 ;;~,r )1; ~ L- , -t- 0) _uc v 
lJ-!T-1r')'f;~ffl~}i0)81lf:±it;fjl~-\t, VlJ-!T-1r'~/o-l!:A.Ilf:~f'J90L.t~J::-::>'l)l;~ 

9 0 c:. e: t -r ~ 0 0 v lJ -IT -1 r 11:: ~ o 1! :A. -r ti , m 1 :13 J:: lf m 2 0) v lJ ::1 / • 0) J~ -::> -c v • 
0ff~)t~~'(f~C-30)Vl) :J/80)Vl) :J/t, Vl)-!T-1 r')l;~ffl~Ji80)~)it~~O 
~ Ji v lJ -IT -1 r 'h~ )1; ~ ~ n 0 0 ~ v • -r , • tJHt / o 1! :A. ;;~,r ~ 1=r L- -c , a • 1* tt ;jBj. 0) 1: oo ~ 
Rl±\~-li"0o ~Ji:f5J::lf~Ji~~~llr007t~~lf-t-liJ!~~~-*L-'l, ~Jill:lOJ::U~ 

{1:: ~ • llr ~ tf€ 9 0 ~* • {2j;: tt ;jBj. 0) J: liD J: I) t ~ * -It 0 L. t t (! ~ 0 0 ~ v. (! ' • 3 0) v l) :J 
/ Jl (! L. 0) 1!:!] j'f~ /lr J'E tj l, , 1~ ~C ii'1J ** ~C -t" 0) V 1) -lj- -1 r' 'h~ 1!:!] ff~ llf: ft :\Jl; 9 0 J: ') ~C 9 0 o 30 

[ 0 0 1 2 ] * ~ aJI 0) 731J 0) t~ ** ~c J:: n ~;i:' , • ~ J: ~c lf - r- ffiJ ~ ;;~,r 1'f 9 0 ¥ ;1,\t 1* 7' 1 ~ -1 :A. 'h~ m #!; ~ n 0 
0 c:. 0) 7 1 ~ -1 :A. 0) lf - r- m ~ ~;~: , 1: ~ 0) :n $ ~c J:: IJ , 1 ~ ii t1 ~ lf - r- * k ~;~: 2 ~ ii t1 ~ 
Jf- J-- C: l,'l{'F!J\M~tlGo 
[~~~~~90k~O)~~O))l;~] 

[ 0 0 1 3 ] 

3;1'~- • ~l)VI):J/ ·lf-1-- • ;A.)Z•y71lf:.t&J::~cffij~L,, ~-;A.liJ[~:lOJ::Ur'~-1 

/liJ[~;;I,r)l;~L,k·~-*90li~lf-t-·~tJ-l!;A.0)-00tL-'l, *~~0)~~)1;~~ 

":) v • -c m aJI 9 0 0 I§ 1 ~ I§ 3 ti , :5t' ~ - • lf - r- ffiJ ~ ;;~,r ~ 9 ~ rug I§ -r <!0 0 o c:. 0) m ~ 'h~ , * aJHIII inc ~2 !llX 9 0 * ~ aJI 0) ~ ~ )1; rt~ 0) 1m tnl t,i. t ~ 0 o I§ 1 ti , p + ~ lJ v 1) ::1 / • lf - 40 
f- 1 1 :(.)J: U n +~ 1) V l) :J / • lf- f- 1 2/lr~Offij~ 1 0 O).jij1§(!;!0 Go I§ 1 ~<::~9 
J:: ') ~C , n + 1iJ[ ~ ;jQ J:: U p + 1iJ[ ~ ti tf€ ~$ l, 'l v' 0 o L. 0) ffiJ ~ ~i , S R A M 7' l ~ -1 :A. (! Jf!l '!It 
~ ~ tt 0 m ~ '7! <!0 0 o L. tt ~ 0) Jf - 1-- 1iJl ~ llr 11 ? J: ? ~c ~HI:: ~ 1 3 :13 J: U H D P &HI:: ~ 1 
4 0) 8 /lr ±it;fj! ~ -It k 1~ ~C • t]. {I:: l, 'l ;!0 0 0) (! , lf - f- 1iJl ~ 1 1 :13 J:: U 1 2 ti It 1±\ l, 'l v' 0 

0 c * ~ aJI 0) ~ tilll )1; t~ -r ti , J:: IJ f!i v • rM ~Jt -r ~ :£11! ;;~,r 1=r ? c:. t 'h~ -r ~ 0 J: ? ~c , ~ 11:: ~ 1iJl ~ 
1 4 ti , B P S G '7! ~i ~ < H D P ~ {1:: ~ '7! <!0 0 L. t 'h~ fjf * l, v • o ) I§ 2 ~i , • t& 1 0) J: 0) 

•~lf-r-~~~~~1sl:~)l;~~nk~~-·lf-t-liJ!~1 1:13J:U121lr~9~~:n 

rtu tfJT liD I§ '7! <!0 0 o I§ 3 ti , 3;1' ~ - • ~ l) V 1) :J / • Jf - 1-- 0) Jt {llU 0) ~ {1:: ~ 1 3 :f5 J: 'U H D 
P~~~14/lr~9M7Jrt1JtfJT]ij1§(!;!00o 
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-!i' ~ - • lf - r t5 J: tf!ti tt 7 - r IMHt !lo/J ~ ~ ~ L td& '"f , :-c :tuc::: J: IJ 1: ~ tc r v >' 7 r:p 
~c::: ~ IF.!! 11 c m ~ 0) 1± $ ~m ~ ~ :M' -:J ti ~:r 0) ~ ~ ~ :n 9 0 ) ~ t1fn'J ~ 1t , c 0) r v ::; 7 ~ , F 
- ~ >' 1f L T v) 7J: v) ~ 1) V 1) ::1 >' 7J: ~ ~ lli 7J: tt ;jSj. C' :1E J;11I 9 0 o f& ~<::: , :1E t~ tt C' 65 0 ~ 1) V 

0::I/~V0~~F~~~~1i'T, ~IF.I!7-J-.~O)·~~m~90Ct~C'~0o 
[ 0 0 1 5 ] 

~r'C'Jl¥$1ll~<:::)ill-"Z0 J: '? ~<:::, ~IF.I!7- rtfliJiHt, ~ •y F:¥-v 'Y 7'1±$ml~~:ft90 1 ~ 
IF.!! 7 - r C' ;!) '? l ~ ' n + 7 - r 11Ji ~ t p + 7 - r 11Ji ~ t C' 1± $ 1m ~ iJ~ ~ 7J: 0 2 ~ IF.!! 7 -
r C'il) '? T t J: v)o 
[0016] 
~ 1 0)~:6iJim1t~: 1 ~Jf.i (single-metal) ti~7- r 10 

[0017] 
c 0) ~ :6ili m 1t~ '"f fi , -!i' ~ - • ~ 1J v 0 ::1 ::; • 7 - r- m ~ 1 1 tJ J: u 1 2 ~ IPl ~ 7' o 1! A 

C'~~90~, S~!lo/J13t5J:'CJB~!Io/J14~~90mmtt~:ft90ff·O)~W~JJ:~o 
1! A ~ J=IH) 0 c t iJ~ C' ~ 0 o c 0) 7' o 1! A C' fi , !jj ¥:1: B 1t !lo/J !i 1 5 ~ It 1±1 ~ 1t , -t 0) f& , 
c 0) !i t ~ ~ 9 0 o c 0) J: -? ~<::: L T , S 1t !lo/J 0) {~I] m 1 3 a , 1 3 b t , ~ ;fJi 1 0) It 1±1 rfB n" 
~GJJ:0~00~:ft90rv>'72o~m~~h0o BI±\Ltc~~~~, ~M~o-t!A*k 

fiilil'!: ~ -R 7' o 1! A fL J: '? T *H t.: JJ: 7 - r ~ ~ 1* 2 5 ~ m ~ 9 0 0 :-c 0) f& , r- v ::; 7 0) fJtrJ !!! 
t5J:U7-r~~1*2 5~ll-?7'7>'7·y r!it LT, ::J>'7.:t-'"q'fvJJ:~IF.I!!i2 6~~ 

M ~ 1t 0 o !i 2 6 0) ~J3. ~ t5 J: 'CJ ~ ~ fi , lli ~ ~ ~<::: fi mJ 9U 0) 1J 71 C' , PJT ~ 0) 1± $ 1m ~ 7Jq~ G 
h 0 J: -? ~<::: ~ tR ~ h 0 o ~ 4 t5 J: 'CJ ~ 5 fi -t h .:e' h , ~ IF.!! !i 2 6 ~ ~ M ~ 1t td& 0) 11i ~ 0) 20 
-R*1J~~OO~t5J:'CJ~1J~~OO~C'650o 
[0018] 

;tx v) C', 11 2 6 0) J: ~c:::, F- ~ ::; 'f L T ") JJ: ")~$a® v 1J ::1 ::; * t.: fi 7 .:c Jv 7 7' A · v 
1)::J/0)/'5>'7·y r!i3 1 ~, rv/72 O~J'Eij{900)~<:::-t7t7J:~~C'~M~1t0o 
!i 3 1 0) I*J g~ ~J3. ~ fi , :1& ~ 7J: r v >' 7 :1E ij{ tt 7J'f~ G h 0 J: -? ~<::: m tR ~ h 0 o {71] It f;:f- ~ 1) 

v 1J ::1 ::; t 7 .:c Jv 7 7' A · v 0 ::1 ::; 0) rm ~ !lo/J n~, :1E t~ tt t L T ~ * L ")if-f ·11 ~ :n 9 0 c t 
iJ~ n" 7J) '? T v) 0 o ;!;{ v) C' , II 3 1 t5 J: 'CJ II 2 6 ~ ~ * L < fi C M P C' .lf iiHt L , B 1t !lo/J 11Ji 

~ 1 4 ~ ~ J!t • 1±1 ~ 1t ' r v >' 7 :1E t~ tt 0) ~ m 3 1 a 7J~ • 1t !jo/J 11Ji ~ 1 4 t IPJ ~ .lf 00 ~<::: 7J: 0 
J:-?~<:::90o -t0)$a51U~Ght.:tfli~~, ~6 C-R*1Jrtu~OO~) t5J:'CJ~7 C~1J~~OO 

~) ~~9o ~ 

[0019] 
;tx ") '"f, v 0 ~ ~ r' 0) m ~ ~c::: ~ L t.: ~ !f.i 0) 7' 7 >' 7 '"" r 11 4 1 ~ ~ M ~ 1t 0 c ~ 8 t5 J: 

'(} ~ 9 ) o C 0) ~ IF.!! fi , {71] It fJ:' C o , T a , W , M o * t.: fi ( ~ * L < fi ) N i C' ;!) 0 o 

":Jx ") '"f v 1J ~ ~ r' 1t 7' o 1! A c ll¥ *Ill fi lli tt vro n" !I!Y '"f ~ m ) ~ ~ 1:r L , r- v ::; 7 n ±~ tt ~ v 
1) ~ ~ F 5 1 ~<::: !Iii; 1t 9 0 o .lf i_El. 1t 7' o 1! A ~ t -? ~ J!t ~ f'J L T , 11i ~ 0) :1& fJJ 0) ~ 00 ~ ~ J!t 
~t 1±1 ~ 1t 0 c ~ 1 o t5 J: u ~ 1 1 ~ ~.~ ) 0 c -? L T , -7-" ~ - • 7 - r- m ~ fi , v 1J ~ ~ r' 
•~~1Fmttt.:1~1F.l!7-r'"fli~~ttGh0 C~3t5J:U~11~~lO 0 

[0020] 
C 0) 7' o 1! A fi , v) 9' h 0) II 0) '"q' A .:1=- >' 1f t 11' -? &:' ~ 7J' 7J: < , L tc 7J' ? T ~ :6ili 7J' r§ ~ C' 

650Ct~mM~h0C'65~-?o ~ 
[0021] 
~ 2 0)~:6iJim1t~: 2 ~IF.!! (dual-metal) ti~7- r 

[0022] 
C 0) ~ :6iJi m lt~ C' fi , p + -!j' ~ - • ~ 1) V 1) ::I >' · Jj' - r tfli ~ t5 J: '(} n + -!j' ~ - • ~ 0 V 

1J ::1 ::; • 7- r- m ~ ~ 551J !.:( ~c::: ~ ~ 9 0 0) '"f , ~ ~ L JJ: ") 1J 0) ~ 0 v 0 ::1 ::; m ~ 0) '"q' A .:t- ::; 
1f ~ 11' -? if::, ~ iJ~ 65 0 o ~ 1 2 fi , p + -!j' ~ - • 7 - r 1 1 ~ '"q' A .:1=- >' 1}' L , n + -!j' ~ - • 

lf - r 1 2 t5 J: '(} -t 0) r fC::: 65 0 !jj ¥:1: 7 - r B 1t !lo/J 1 5 ~ ~ ~ L , '"q' 7.. '.7 ~ !l'<IJ 7J' L td& 0) jfiJ 

~ ~ ~ L T v) 0 o C h ~<::: J: I) , ~ ;f}i 1 0) ~ rf~ 7t 7J~ It 1±\ L T v) 0 o ;!;{ v) C' , /' 7 >' 7 •y r • 
11' - r ~* ~ 1* 11 7 s ~ ~ -R * t.: fi ~ M ~ 1t , 7' ::;:; ::; 7 ·y r- ~ IF.!! 11 7 6 ~ :-c 0) ~ fc::: ~ M ~ 1t 
0 (~13~~~) 0 50 
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[0023) 
'.!!\ v) '"f , F ~ 1! ~ lf L l" v) 7J: v) ~ *a ® V l) :I ~ ;J:: tc. ~i 7 .:c ;J; 7 7 A • V l) :I ~ (J) '1' 7 ~ 

7 'Y r 11 8 1 7.r , 11 1 6 (J) J: ~c.: :tt ~ ~ -~±- 0 0 m 1 (J) ~ Dl!i ID tt~ c: IPJ ~ ~c.: , 11 8 1 (J) rfl. m ~a: , 
!& ~ 7J: r v ~ 7 7E !JU;t iJq~ G :h 0 J: ? ~c.: ~ :tR ~ :h 0 o '.!!\ v) '"f , L. (J) ~ ~ 7.r -'¥ :!:JH~ L l" lj' 2. 
~ • Jf ~ r 1 1 7,t- ¥} 1!0'!1:1:1 ~ -!±- ' 7E !1{ tt 8 1 (J) J: 00 8 1 a iJ'l l;." 2. ~ • Jf ~ r 1 1 t [PJ - -'¥ 
00 ~Z.: 7J: 0 J: ') ~Z.: 9 0 o -'¥ :f:il. {~ 7 tJ -t A ~i , f7tl X. ~;f' ~ l) V l) :I ~ / 7 .:C ;J; 7 7' A • V 1) :I ~ 

(J) C M P 7.r 1T v) , f: (J) ;l:: ;l:: 51 ~ m't ~ ~ l) V l) :I ~ • Jf ~ r 1 1 (J) ~ 00 ~c.: Jlj Jf 9 0 ;J:: '"f ~ ~ 
II 7 6 (J) C M P 7.r 1T ? 7J: ~ , 1 A 7 •y 7 '"f 1'J ? L. t iJ'l '"f ~ 0 o ® 0 v) ~i , -'¥ :!:]. {~ / o -t A 

~a: , f7tl x. ~i' ~ lJ v lJ :1 ~ • Jf ~ r 1 1 (J) J: ~c.: ® 0 ~ ~ 11 1 6 ~c.: ¥1J Jt 9 0 * '"f ~ lJ v lJ :1 ~ 

/ 7 .:C ;J; 7 7' A • V l) :I ~ (J) C M P l.r1'J v), f: (J) 1~Uc }11j fll!l ~c.:~~ ll;J; * 7 tJ -t A l.r1'J ? 7J: t' 10 
, 2 A 7 'Y 7' '"f 1'J ? L. t t '"f ~ 0 o -'¥ :!:]. {~ (J) 1& ~c.: 1~ G n 0 ~ Jfi 7.r ~ 1 4 ~c.: ~ 9 o 
[0024) 

'.!!\ v) '"f, L. (J) ~ Jfi l.r ~ A .:t- ~ 7' L, p + lj' 2. ~ • ~ l) V l) :I ~ • Jf ~ r 1 1 l,t-ll;j; '1!:, '"f ~ 

0 J: ? ~c.: 9 0 0 p + !J' 2. ~ • ~ lJ v 1J :1 ~ • Jf ~ r 1 1 ~a:, ?l-=> -r ") 0 m !11: Jf ~ r ~ ft !lo/1 

15l:::~kll;J;*90o !Ji!l1:~~!1o/Jl.rll;J;*90Mk, Jf~r-a•~II75(J), ~~0)~~7 

6 s 7.r fi ::> l" v) 0 $ 7J' t 11* * 9 0 o ~ 1 5 ~c.: , L. n G (J) A 7 •y / 7.r 1T v) , ~ A 7 iJ'l 11* * ~ 
n td& (J) ~ Jfi 7.r ~ 9 o ~ ~ {J{tl ~ 7 6 s iJ'l f! 1±\ L L v) 0 L. t ~c.: fil Ji. ~ n tc. v) o 

[0025) 

'.!!\ v) '"f, f! 1±1 G tc. V l) :I ~ ~ 00 ~c.: :tif L l" ~ {~ / tJ -t A 7.r 1'J v), ~ f& (J) f! 1±1 liB :S J: ~c.:~ {t 
!lo/1. 8 5 7,t- ID nlt !_.,' ~ l) v 1) :I ~ / 7 .:c ;J; 7 7' A • v l) :I ~II 8 1 (J) ~ 00 J: ~L ~ {~ !lo/1 8 6 20 
7.r ID 1JX 9 0 o L. (J) ~ {~ / o -t A ~i , Jf!l 'lit ~i ~ 9 0 0 'C f!il!l (J) 1@ 1m ~ 7 .::. ~ lJ ~ lf ( R T A 

) 7.r £1 u (J) '"f , ~ ~ II 7 6 (J) f! 1±1 ~ 00 J: ~c.: ~ ft !lo/1 II 9 5 iJ'~ ID IJX ~ :h 0 ( ~ 1 6 ~ ~~ ) o L 
tc. iJ'l -=> l" , 2 ~ ~ Jf ~ r (J) r ~c.: ® 0 Jf ~ r a • {:;$: II 8 8 ~;L 511J I< (J) A 7 •y 7 '"f ID nlt ~ n tc. 
117 5tJJ:tfll8 5'"f~n\t~:h0o 
[0026) 

'.!!\ ") '"f, ~ 1 7 ~c.:~ 9 J: ? ~c.:, m 2 (J) '1' 7 ~ 7 ·:~ r ~ ~ 11 9 6 7.r iiUJt ~-~±- 0 0 :r: n J;J. -wr 
(J) A -r ·:~ 7' t IPJ ~ ~c.: , c (J) 'f 7 ~ 7 ·:~ r ~ ~ 11 (J) J: ~c.: ~a: , F ~ t: ~ 7' L- -r ") 7J: ") ~ *a ® v 
1) :I ~ ;l:: tc. ~i 7 .:C ;J; 7 7 A • V 1) :I ~ (J) II 9 1 iJ'l :It~~-!±- l" ® 0 o '.!!\ v) '"f, L. (J) :m ~ 7.r-'¥ 
:tl! 1~ L- , ~ 1 8 c if :P 71 rPJ ~ oo ~ ) tJ J: u ~ 1 9 u~ 71 rPJ ~ oo ~ ) ~c.: ~ 9 m m 7.r 1~ 0 0 ~ 

1 8 tJ J: u ~ 1 9 7.r :r: n :t:' n ~ 2 tJ J: u ~ 3 t .It ~ 9 0 t , !J' 2. ~ • Jf ~ r tJ J: u m !11: lf 3o 
~ r ~ 1~ !lo/1 iJ' , lf' ~ r a • 1* 7.r :r: (J) -r ~c.: filii x. tc. 2 ~ ~ Jf ~ r '"f t1 ~ ~ x. G n -r ") 0 c c: iJ' 
:S iJ) 0 0 

[0027) 

'.!!\ ") '"f , x. ·:~ -r '" ·:~ 7 · 7' o -t A 7.r 1=r ") , Jf ~ r W! ~ 7.r ~ 1~ !lo/1 W! ~ 1 3 tJ J: u ~ 1~ !lo/1 W! 
~ 1 4 J: I] t ~ * -!±- 0 0 J'l: {:;$: 1'8 ~L ~i ' v l) :I ~ II 8 1 t3 J: '(f 9 1 7,t- ~ {~ !IW 1 4 J: I] t ~ * 
-1±- , ~ ~ ~ 1~ !1W 9 5 t ~ ~ II 7 6 t5 J: tf 9 6 t 7.r v lJ :I ~ II 8 1 t5 J: tf 9 1 J: 1J t ~ ;J:: -1±-

0 0 lli ~ :lf ~L ~i )l'(] ~11 (J) J: ? ~L ' [5I! ffl '"f ~ 0 X. 'Y T ~ 7' . 7' tJ -t A ~i v) < J iJ) ~ X. G :h 0 0 

X. 'Y 7 1\ 'Y 7 • 7' tJ -t A l.r1'J ::> tda 511: 7.r ~ 2 0 (if :f-71 rPJ ~ 00 ~) t3 J: tf ~ 2 1 (too 71 rPJ 
~00~) ~Z.:~9o 

[ 0 0 2 8 ) 40 
'.!!\ ") '"f, ~*a® v lJ :1 ~ (J) '1' 7 ~ 7 ·:~ r 11 7.r :tt ~ ~-~±- -r , 2 ~ ~ Jf ~ r (J) J: ~c.: Jm &Ht-J tJ: 

V l) :I ~ II 9 8 7.r ID nlt 9 0 ( ~ 2 2 ) o L. (J) II 7.r R I E ® 0 v) ~i C M P ( ;J:: tc. ~i f: :h G (J) 

r.§. -€! -1±- ) ~c.: J: -=> l" -'¥ :!:.!1 {~ G , ~ {~ !lo/1 II 1 3 t3 J: tf ~ {~ !lo/1 II 1 4 7.r ¥} J!t f! 1±1 ~ -!±- 0 o f: (J) *a * 1~ G n 0 m m 7.r ~ 2 3 c if :P 71 rPJ ~ oo ~ ) tJ J: u ~ 2 4 c m 71 rPJ ~ oo ~ ) ~c.: ~ 9 0 c (J) 

~ #-f. ? , 2 ~ ~ Jf ~ r ~a: , :r: (J) J: oo iJ' )l'(] 1m (J) ~* • 1* tt *"" t IPJ - -'¥ oo ? ® 0 v lJ :1 ~ W! ~ J: 
IJ {5; < ~ 1v '"f v) 0 C ~ 2 4 ~ ~.~ o ~ 1 9 t .It~~ n tc. v)) o 
[0029) 

.'.!l\ ") '"f, v lJ -+r -1 F ID n~t m ~ ~ (J) '1' 7 ~ 7 ·:~ r 11 1 o 1 7.r c (J) ~ m (J) J: ~c.: :tt ~ ~-~±- 0 0 

L. (J) ~ ~ ~i , C o , N i , T a , W ;l:: tc. ~i M o (J) v) T n iJ) ~Z.: 9 0 L. t iJ'l '"f ~ 0 iJ'l , N i '"f 
® 0 L. t iJ'~ fJf ;J:: G v) o '.!!\ v) '"f, V l) -tt -1 F {t 7 P -t A l.r1'J v), II 1 0 1 r:j:l (J) ~ ~ t II 9 8 50 
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r:f:1 (]) V l) :::1 ~ t "f /' 7 7 'Y r V l) -lf -1 F II 1 1 o 1i'% nlt 9 0 o '!X. v' "f, V l) -lf -1 F II 1 1 
o 1i' 1JZ :l:il. {1:: G T , ~ 11:: ~ II 1 3 :!0 J: TJ ~ 11:: ~ II 1 4 1i' W JJt !! 1±1 ~ 1t 0 o :Z. (]) *a * f~ G :h 0 
:ff!J~li'~ 2 6 C~=PnrilJtl\ITOO~) :!0J:Lf~ 2 7 C:fM7JrilJtl\IT00~) ~<::7ft9o 

[0030) 
J: ~2 "f ll$ ~ G t.: ~ Jf (]) A 'T 'Y 7" ( /' 7 ~ 7 'Y r II (]) ±'!fdJt t , :Z. (]) f& (]) 1JZ ±JHI:: * t.: ~i .:r. 'Y 

7- ; ~ 'Y 7 ) ~i , r v ~ 7- ~lii 'IJ'i 7 0 n m !;..( T "f db 0 t ~ "f t lf ~ r 'IJ'i 2:1 (h 0 r v ~ 7- ( '9 tJ: 
b t> ' :Jt rilJ 9 0 ~ {1:: ~ !'! 1 3 a ' 1 3 b 00 (]) ~ rJJ ) 1i' :7E ±JI 9 0 (]) ~;: 5('}J * 1¥9 "f db 0 L. t ~H.!I! 

M~:h0"fdb6-Jo 

[0031) 
c (]) '% 111!1 % t~ "f ~a: , v lJ -lt -1 F ~ ~ 1i' fiffi x t.: 2 ~ ~ lf ~ r- m ~ 1i' * !JX '9 0 0 * t.: , c (]) w 

m ~ ~: ~ 11:: ~ =t- "' 'Y 7" llli' ~ ~:r 0 t , ~ ~ * t.: ~a: v lJ -lf -1 r- ~: lJf3 ~ 1i' & tf ~ -r ~: 7 .::::. ~ l) 
/ 7' 1i' 1'T ? <:. t iJ'i "f ~ 0 (]) "f 1f ;flj "f db 0 o ( !if * G v' '% 111!1 % 1t~ "f ~i , V l) -lf -1 F ~i N i S 
i z "f db 1J , 7 .::::. ~ 1) ~ 7' ~i 7 :t ~ ~ / 7' • tJ A r:f:1 "f :fj '5 o ~ {1:: ~ ::i=- -1' 'Y / iJ'i db 0 tJ% -@1 ~;: 

~a: , 4 o o oc (]) 7 :t ~ ~ / 7' · ti' A r:p "f 7 .::::. ~ 1J / 7' 1i' 1'T x ti' , ~ ~ lf ~ r- t lf ~ r- ~ 11:: 
~ (]) rJJ (]) ~ 5t tJ: ~ {f1f 1i' ~ 'E: G , G ~ v' {ifi ~ EE (]) V 7 r 1i' ~jj ll: 9 0 <:. t 'IJ' "f ~ 0 o ) ~ {I:: ~ 
::t- "' 'Y / II 1 2 0 ~i ' ~ 2 8 ( ~ -¥ 7J rilJ t¥JT 00 ~ ) :!0 J: Lf ~ 2 9 ( :m 7J rilJ t¥JT 00 ~ ) ~L 7ft '9 J: 
? ~;: 7' 7 ~ 7 'Y r- 11 t t- --c :tt fJ ~ 1t 0 c t 'h' "f ~ 0 0 db 0 v, ~a: , v lJ -lt -1 ~, 11 1 1 o 1i' rl * 1t --c C ~ 3 o ~ ~~ o ~ 2 7 t lt ~ ~ :h t.: v' ) , ~ {1:: ~ II 1 2 o 'IJ' <:. (]) rl d} 1i' l'iMl t.: 9 J: ? 
~L 9 0 L. t t "f ~ 0 ( ~ 3 1 ) 0 '!X. v' "f ' ~ {I:: ~ II 1 2 0 (]) ' v l) -lj" -1 ~' ~ ~ (]) J: ~L db 0 
~B 5t ti ~1 iJ'i ~ 0 J: ? ~;: , ~ {I:: ~ II 1 2 0 1i' 1JZ ±_E! {1:: 9 0 <:. t iJ'i "f ~ 0 ( ~ 3 2 ) o '!X. v' "f , 20 

~ 11:: ~ =t- -v 'Y 7" 'h' , 2 ~ ~ lf ~ r :!0 J: u v lJ -lt -1 ~, ~ ~ ~;: :tt G --c -t Jv 7 7 7 -1 / 9 0 0 

[0032) 
~ IE (]) '% 111!1 % 1t~ ~;: ~ Jm G --c * J£ aJI ~;: "J v, --c lm aJJ G t.: 'IJ' , M ~ (]) lm aJJ ~;: ~ d} --c , ~ ~ 0) 1~ 

'M' % lt~ , f~ lE % lt~ :!0 J: Lf ~ !1! % lt~ iJ'i lli ~ tf ~;: ~i ajj G iJ' "f db 0 <:. t ti ajj B "f db 0 o G t.: iJ'-:; 
--c, *J€00~, 2js:J£00(J)~m:!0J:TJ@~tJ:GTJ~•~(J)~~-~(J)~m~~~*n0<:.(J) 
J:-JtJ:~'l(J)~g%8, .JE%8:!0J:lf~]!!!%87i'~~90tO)l::'90o 

[ ~ 00 (]) 1'li'i ~ tJ: lm aJJ J 
[0033) 
[ ~ 1 ) n + ~ l) V l) :::1 / 1iJ{ ~ :!0 J: Lf p + ~ l) V l) :::1 ~ 1iJ{ ~ 1i' 1f 9 0 {~ ~ 1¥9 7;i:: C M 0 S !j' 
~~·lf~t-:ff!J~li'7ft9.@1JZOO~"fdb0o ~ 

[~2) ~1(J)lj'~j-.1iJ{~li'7ftT~=P7JrilJt¥JTOO~"fdb0o 

[~3) ~1(J)lj'~j-.1iJ{~li'7ft9;flij7JrilJt¥JTOO~"fdb0o 

[~4)2js:J£00(])~1(J)'%1il!l%8~J:0~~F~-v~/··lf~t-·/P-tA~:l0001 

AT~7"7i'7ft9~=P7JrilJt¥JTOO~"fdb0o 

[~5)2js:J£00(])~1(J)'%1il!l%8~J:0~~F~-v~/··lj'~J-.·/P-tA~:l0001 

AT~/7i'7ft'9;flij7JrilJt¥JTOO~"fdb0o 

[~6)2js:J€00(])~1(J)'%1il!l%8~J:0~~F~-v~/··lj'~J-.·/P-tA~:!000~ 

(J)1A'T~/7i'7ft9~=P7JrilJt¥JTOO~"fdb0o 

[~7)2js:J£00(])~1(J)'%111!1%U~J:0~~F~-v~7"··lf~t-·7"P-tA~:l000~ 

(J)1A'T~/7i'7ft9;flij7JrilJt¥JTOO~"fdb0o ~ 

[~8)2js:J£00(])~1(J)'%1il!l%8~J:0~~F~-v~/--lf~t-·/P-tA~:l000~ 

(J)1A'T~/7i'7ft9~=P7JrilJt¥JTOO~"fdb0o 
[~9)2js:J€00(])~1(J)'%1il!l%8~J:0~~F~-v~7"··lf~t-·/P-tA~:l000~ 

(J)1A'T~/7i'7ft9;flij7JrilJt¥JTOO~"fdb0o 

[~10]2js:J£00(])~1(J)'%1il!l%8~J:0~~F~-v~/--lf~t-·7"P-tA~:l000 

~G~W(J)1A'T~/li'7ft'9~-¥7JrilJtl\ITOO~"fdb0o 

[~1 1)2js:J€00(])~1(J)'%1il!l%8~J:0~~F~-v~7"··lf~t-·/P-tA~:l000 

~G~~(J)1A'T~7"1i'7ft9:fM7JrilJtl\ITOO~"fdb0o 

[~12)*J€00(])~2(J)'%1il!l%8~J:02~~--lf~J-.·/P-tA~:!0001A'T~ 

/7i'7ft9·@~"fdb0o ~ 
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[~13l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~1~~~ 
/;l,r ~ 'tm'tro& ~ 'f d5 ~ 0 

[~14l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~1~~~ 
7°;/,r~'tm'tro&~'f® ~0 

[~15l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~1~~~ 
~;J,r~'tm'tro&~'f® ~0 

[~16]*~M~m2~~~%8~~~2~---~-~·~c~~~~0~~G~~ 
~ 1 ~~,;;~;/,r~'t;JmPJ&~'f®~o 
[~17]*~M~m2~~~%8~~~2~---~-~·~c~~~~0~~G~~ 
~ 1 ~ ~ ';/ :1 7,r ~ '9 1m PI& ~ 'f d5 ~ 0 10 
r~18l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~/;!,r~'t~~~~~m~-r®~o 

[~19]*~M~m2~~~%8~~~2~---~-~·~c~~~~0~~G~~ 
~1~~~~;/,r~'t•~~~m~-r®~o 

r~2ol*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~/;l,r~'t~~~~~m~-r®~o 

[~21l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~/;!,r~'t·~~~m~-r®~o 

r~22l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~~;/,r~'t~'f®~o ~ 

[~23]*~M~m2~~~%8~~~2~---~-~·~P~~~~0~~G~~ 

~1~~~/;l,r~'t~~~~~m~-r®~o 

r~24l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~~;/,r~'t·~~~m~-r®~o 

[~25]*~M~m2~~~%8~~~2~---~-~·~c~~~~0~~G~~ 
~ 1 ~~';/ ~;/,r~'t~'f®~o 

r~26l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~/;l,r~'t~~~~~m~-r®~o 

[~27]*~M~m2~~~%8~~~2~---~-~·~P~~~~0~~G~~ 
~1~~~~;/,r~'t-~~~OO~'f®~o 00 

[~28l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~/;!,r~'t~~~~~m~-r®~o 

[~29l*~M~m2~~~m•~~~2~•••~-~·~c~~~~0~~G~~ 
~1~~~~;/,r~'t·~~~m~-r®~o 
[ ~ 3 0 ] 2 ~ • § • ~ - ~ • 7o P ~ ~ ~C ~ ~t ~ ~ 2 8 ~ ~ '(} ~ 2 9 ~C ~ '9 ~ ~ '.Y / ~ {~ 

-~~~~~;l,r~'9-~~~00~'f®~o 
[ ~ 3 1 ] 2 ~ • § • ~ - ~ • 7o P ~ ~ ~C ~ ~t ~ ~ 2 8 ~ ~ '(} ~ 2 9 ~C ~ '9 ~ ~ '.Y :1 ~ {~ 
-~~~~/;!,r~'t•~~~OO~'f®~o 
[ ~ 3 2 ] 2 ~ J/j, §. ~- ~ • ~ P ~ ~ ~C ~ ~t ~ ~ 2 8 ~ ~ (f ~ 2 9 ~C ~ '9 ~ ~ '.Y / ~ {~ 

-~~~~~;!,r~'9-~~~00~'f®~o ® 
r ?tr ~ ~ ll5t a13 l 
[0034] 

1 ~tii 
1 1 ~-~l!J{~ 

1 2 lj'- ~l!J{~ 

1 3 ~ {t !JW 
1 4 ~ {t !JW 
1 5 ~ !11: ~ {t !JW II 
2 0 ~vY'T 

2 5 ~- ~ ~5HIH:$: 50 
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(54) SEMICONDUCTOR DEVICE, AND ITS MANUFACTURING METHOD 

(57)Abstract: 
PROBLEM TO BE SOLVED: To prevent galvanic 
corrosion in CMP an electrode metal layer for improving 
reliability by coating first and second gate electrode 
material layers with the electrode metal layer 
constituting a gate electrode. 
SOLUTION: A semiconductor device 1 with a dual gate 
structure having the gate electrode provided in grooves 
has the first gate electrode material layer 25 of a p-type 
MOS transistor, the second gate electrode material layer 
27 of an n-type MOS transistor and the electrode metal 
layer 29 formed in the first groove 22 via a gate 
insulating film 24. The first gate electrode material layer 
25 and the second gate electrode material layer 27 are 
coated with the electrode metal layer 29 in the first 
groove 22. The second gate electrode material layer 27 
of the n-type MOS transistor 3 and the electrode metal 
layer 29 are formed in the second groove 23 via the gate 
insulation film 24, and the second gate electrode 
material layer 27 is coated with the electrode metal 
layer 29 in the second groove 23. 
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T ~ C: It) ~ J: ~ ~:, n M 0 S }- 7 Y :J A 1 o:> IT- }- '1:~ C: p M 0 S }- 7 Y :J A 1 o:> IT- }-
11t~ C: ~, 1}k o:>~-H*4~~1RT ~ ~ C: ;!,)'>~~ ~ ;tt "Cit)~ (f71J .Z If, ~~fX\tiR L 2 ~ 

[ 0 0 0 7] 30 

w,-n:, t'E*o:>r'.::r. 1 Jv~~~T- t-'l:~o:> t- 7 :,;:; A 1 o:>%JJJ::JJ¥i:~~ 8 ~~ 9 o:>~~ 
::r:f.¥1mrm ~ ~: J: 0 -rmoo-r ~ o 

[0008] 
~ 8 ( 1) ~:~-r J: ~ ~:, 1J ') ~f7 7--r -1t-1il'r e: 1"'7-1' x:; +:,; 7"1!-1il'r~: J: lJ, £~JJ: 1 

1 o ~~%JJJ:~ ttt.:jj!mJ!@*.iHll 1 1 ~:~-IT- t-%~fflo:>?ll 1 2, 1 1 3 ~%JJJ:-t~ 
o ~ ~Gjj 1m Jl@*.i B 1 1 1 li f7JJ ;t 1:!~1t ~ 1J :::z :,; Hl '"C'% pt ~ ;tt --c 1t) ~ o 
[0009] 
;Jz~:, ~ 8 ( 2) ~:~-t J: ~ ~:, ~~Gill 1 2 , 1 1 3 o:> I*JW 'b -@itt ~WG)j !mJ!@*&:Hll 
llo:>~W~~T-J--Jl@8Bl21C:pMOSJ--7Y:lA1o:>~~~T-J--ft*4]jl22~% 
~T~o ~~GIT- J--Jl@8Bl 2 llif71J.ZI:!ftnmo:>IJ~ ~:%~~ ;tt, ~~G~~~T- t-~-t;JSt 4o 

)j 1 2 21i 10 nm~ 4 0 nmf.!f)JtO)pMO Sffl~~IT- }-f,t*'f'"C'Jf~~~;tt~o ~;Jo, ~ 
8 (2) ~~9 (9) i'"C'Ii;l~JJ:ll:g:~:)t(J)~~~i~'l!llrT~o 
[0010] 
:9{~:, ~ 8 ( 3) ~:~-t J: ~ ~:, ~~G~~ IT- J-- ~f;JS}}j 1 2 2 ~o:>~W (;l~JJ:~O)~tm 

) ~:v:JA J--~~;;ffi'l_.,"(v:JA Hll 2 3~%JJJ:T~o 
[0011] 
*~:, ~8 (4) ~:~-t.J:~~:, 1J'J7"77--r-1t-1ilr~:J:1J, ~~Gv:JA Hll2 30) 

nMOS l--7Y:JA1%~ill[:l:£~~:~o:g:~l2 4~%JJJ:Tibo L,t.:;/,J'>0"C, pMOS J--7 
Y :J A 1 %JJJ:ill[:l:l.t~ ~: li v :J A }- Hll 2 3 ;b'>%)JJ; ~;fl., "(It)~ o 
[ 0 0 1 2 ] 50 
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:&t ~: ~ ~ 8 ( 5 ) ~: ~ T J: ~ ~: ~ J:: WC. v :J .A Hi% 1 2 3 '1i: x Y 1- ':/ 1f '"?.A 7 ~: L ··c ~ 
*~: J: VJ ~iRB9 ~: n M 0 S }- 7 ':/ :J .A~ O)%JVI:%fl:;!£~: ;J3 ~t ib p M 0 S }- 7 ':/ :J .A~ O)~,IM 
.If- 1- .f.fJ!St}j 1 2 2 '1i: x Y 1- ':/ :7"9 ib o c': O)Mf::!f:~ p M 0 S 1- 7 ':/ :J .A~ %!Vt%J[:t~ ~:lip 
MOS J-.7':/:J.A~O)~,ft.i\;7- J-..ftlf4JI12 2iJ'~~:tl~o 
[0013] 
:&t~: ~ 1f~~~H: J: VJ ~ J::JC. v:; A Hl1 2 3 '1i: ~1;;-T ~ 0 c': O)*tf*~ ~ 9 ( 6) ~:~ 

TJ: ~ ~:~ pMO S J-.7':/:J.A~O)~,ft.i\;7- J-..f.fJ!St}j 1 2 2iJ".ii't±l~:l't~o 
[0014] 
:&t~:~ ~ 9 ( 7) ~:~-t J: ~ ~:~ l:WC.~JM7- 1-.ftJ!Stjj 1 2 2 J::'li:flt:MT~ ~ ~ <b ~=~ 

l:WC.?I112~ 1130)1*J&i<b~ul:WC.}jl\!lil@*~Hi%1110)~Tifi~:nMOS 1-7':/:J.A~ 1o 

O)~JM7- 1-.ftJ!St]j 1 2 5 'li:%JVI:T~o c':O)~,IM7- 1-.ftf+Jj 1 2 51i1JIJ;{_Ii1 0 nm-
40nmO)~~O)nMOSffl~Jt.i\;7-J-..;ftJ!St~%!Vt~:l't~o 
[0015] 
:&t ~: ~ ~ 9 ( 8 ) ~= ~ T J: ~ ~: ~ J:: WC.¥1 1 1 2 ~ 1 1 3 0) 1*1 &i <b ~ u J:: ilC. n M 0 S 1- 7 

':/:J.A~O)~Jt.i\;7-J-./ftJ!St)j125J::~·-ffl~-/ftJ!St)j126'1i:%JVI:T~o 
[0016] 
:&t~:~ ~ 9 ( 9) ~:~"9 J: ~ ~: ~ 1t$89~1~89Mm (W, T ~ C M P ~ PltrT) ~: J: VJ ~ J:: 

WC.JIIY'Iil@*~Hi%1 1 1J::O)~~J~'il:fniffl~,ft.il;.ftlf4JI 12 6~ nMO S J-.7':/:J.A~O)~,IM7 
-J-..ftJ!St}j1125;J3J:ifpMOSJ-.7':/:J.A~0)~-7-J-..ftJ!Stll122'1i:~:i;;L~m 
1 1 2 0) 1*1-Jr~~: 7- H':iS*~~ 1 2 1 'li:1r L --c ~JM 7- 1- .ftJ!Stjj 1 2 2 ~ 1 2 5 ~ 'iltlliffl ~ 2o 

JM.ftJ~St}j1261J~~~~n--c~~~•7-J-.131*%JVt~n~m1130)1*JM~7-
J-.M&~121'1i:1rL--cpMosJ-.7':/:J.A~0)~•7-J-.ttJ~Stll125~•mm~,ft.il;.tt 
J!Stjj126~W~~~:tt"C~~nMOSJ-.7':/:J.A~O)~JM7-l-132*%!Vt~:l'tibo 
c': 0) J: ~ ~= L --c ~ ~JM7- 1- n' G ~ ~ 'T'::r. 7 Jv7- HfJ:iib'J''%!Vt ~ :tt~ o 
[0017] 
[~Nf)Cff. 1 l ~fm 2 0 0 3 - 2 5 8 1 2 1 -ry-0$~ 
[~J1lfxWR 2 1 ~rm 2 o o 3- 4 5 9 9 5 %0¥~t 
[~~O)fMj~] 

[~~iJ>1ffi* L J: ~ ~ T ~ ~Jm] 
[ 0 0 1 8] 30 

1Tffi* L J: ~ ~ T ib F~~~~1t¢.U;J: ~ 'il;fniffl ~JM.ftJ!Stll ~ n M 0 S 1- 7 ':/ :J .A~ 0) ~-7- 1- .ft 
J!Stll~ pMOSJ-.7':/:J.A~O)~JM.ftJ!Sl-}j~ 7-J-.il@8~0)4~~0)/ftJ!St'li:Mm(cMP 
) T ~ t.:~~ 4 fi#i]O)*JtMJ!MJ!St ~Til!!.~ (1JIJ;t li-1t~ 1J :::1 ':/ ( S i Oz) ) ~ O)lSt 5 
fi~O)/ftJ!StO)~iR.l:t'li:~~-t~~,~iJ"~ I?~ Mm~J (.A 7 lJ-) O)fm~O)Jl~jjtiJ>~v~,¢.i: 
~~~0 ~~~••~'li:Mm-r~~~~~~O)JVt~0)~~'~7Y~~~~~O)Mmv-J-. 
:£;J3J:if;~7Y~~:J: VJ~ 1JDI;~7'/~'Ii:7Kre~-ttibc':~iJ>0§9$~,¢.i:~~~o ~t.:~ :ai::k 
3 fi~O)*Jjj L t.:~JM;f.fJ!Sl-}jiJ>C M P IF.f~:li't±lT ~ t.:~~ ~fi~JMI\!I 0).-j)L:£~~&"9 ~ 
iiJv;~.::. Y 7 JP.1!itiJ>~& L~T < ~ ~WJ~'fsiPJH1'1i:1f{;T ~ -tt ~ llJ~~'liiJ"~ ~ ,¢.i:~~ ~ o 
[0019] 
*~~ li~ •:tnim ~•ttlf4ll 'li:Mm-r ~ ~O).ii't±l ~ n~ ~•)j O)a'li:1f{;~ L --c ~ t:E*O) 40 

Mm~H: J: ~Mm'li:llJ~~~ L~ Mm!F.f~:ii'Jv;~.::. Y 7 ~1\t'li:~& ~ -tt~ c': ~ ~ < ~ 1JDI*" 
jjt 0) ~ v ~ M m '1i: llJ ~~ ~= T ~ c': ~ '1i: ~*lm ~ T ~ o 
[~Jm'li:1ffi*-t ~ ~~O)'F~] 
[0020] 
;;$:~~0)-¥2~Ht.:~J':Ii~ £tJitJ::O)M*~Bi%~:%P.X: ~ nt.:~ 1 ?11*1 ~:7- 1-'ilm'li:rotftt.:~ 

1 2J'ii:MM o s 1- 7 ':/ -v-A~~~ wrwc.M*~»Jt~=%mt ~ nt.:~ 2 ill*l ~=7- 1- mm'li:rut~t t.: 
<b O)~WJWC.~ 1 ~'il:ru! ~ li~~'il:ru!O)~ 2 2J'il:ru!M 0 S 1- 7 ':/ :J .A~~ 'li:IPJ~£1Bt~:~]l:l\t 
T~-¥~1;$:~1':~~-::>"C~ WJWC.~1iii*J~:Ii~ 7- 1-il@*~~'li:JrL"C~ WJWC.~1~'il:ru!M 
OSJ-.7':/:J.A~0)~17-J-.•m.ttJ!St}j~~Htr~~2~'il:ru!MOSJ-.7':/:;.A~0)~2 
7- 1- mtittJ!Stll ~ ~ mtlli~JMJ~ ~ iJ'%P.X: ~ n~ wrwc.~ 1 7- 1- mti.ttJ~StJ~ j3 J: a-wrwc.~ so 
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2 7"- 1- m:tul!ttffJ~ lioo~e.m;tui1f£JM!IliH: J: ltJ oo~e.• Ull*l~1Bt::tt ~ n, oo~e.• 2 rll*l ~= li 
, 7"-J-M•mikL~,frr&*2•mmMosJ-~~v~~~•27"-J-mmttffJ~~ 
, m;tul!1f£JMJ~ ~ il'*nt ~ n, oo~e.• 2 7"- 1- m;tul!ttffJ~ litrr~e.m:tul!1f£JMJI ~= J: IJ trr~e.• 2 
ill*! ~1&:11 ~ :tt ~It\ :b.:.~ i~fl ~ T :b o 

[0021] 
.:. ~¥:•1*~1i~li, * 1•mmM o s 1- ~ ~ v ~ ~ ~7"- 1- 1,)\*mt ~ :tt:b * 1 ri~=J3 

It\~, mtl1f£JMJ~ ~= J: 0 ~• 1 7"- 1- mt~ttffJ~ i3 J: a* 2 7"- 1- mt~ttffJI'h'tdt:rl ~ n 
, •2•mmMo s 1- ~~v~~~7"-J-il'*mt~:tt:b*2ii~=J3v\~~i, mm1f£JMJ~~: 
J: 0 ~* 2 7"- 1- m:tul!ttffJI'h'tBt::tt ~ n ~It\ :b o .:. ~ t::. ~, mtl1f£JMJ~ i* 1 riJ3 J: a* 
2 il ~=~ -t J: ~ ~=M ~ L t::.llfiH:, ~m ~=a w ~ n :b J~limt~1f£JM J~ i3 J: a'l"'- hY.fS*~• ~ 10 

7'j I) ' 7l Jv ;".:::... '/ 7 ll{jti,)'>~.:. I) ~= < lt\;fiJ!!t ~ 7'j 0 ~It\~ 0 ~ t::.' mt~1f£JMJI ~J;, O)lj]f~ 
~• lill*l :g:~ J3 J: a* 2 ill*! :g:~ ~= mm 1fiJM • i * nx: -t :b .:. ~ 1,)\llJ l'f§ 7'j 11 Jilt~ cb :b ~ ~, Vt 
:'¥~M~:ti!J i fflv\ t::. il~U~)jtijl]Jf~iJDI i$~ ~: L ~It) :b o 

[0022] 
*~~~¥:•1*~fili, £~JiLl::~MS*~•~=*nx: ~ nt::.* 1 ill*! ~=7"- 1-mmi~ftt::.* 

1•mmM o s 1- ~ ~ v ~ ~ ~, mr~e.MS*~•~=*mt ~ nt::.* 2 rll*l ~=?"'- 1- mmirutlt t::. 
<b ~~trr~e.• 1•mm ~ li:i!t£•mm~• 2 •mmM o s 1- ~ ~ v ~ ~ ~ i1Jll~£;t'ho=~tf~ 
T ~ ¥:$1*~1i~cb 0 ~, frr~C.- Ull*J ~: li, 7"- 1- if@*~mik L ~, frr~C.- l$'1;mM 
OSJ-~~V~~~-17"-1-flt.;ftffJI~,frr&*2$mmMOSJ-~~V~~0)-2 
IT- 1- m•ttffJ~ ~, 'l;t~1fl~J~ ~ ii'*mt ~ n, yij < ~ <b mr~e.• liT- 1- m•t:t;JI!tJ~ti 20 

frr~C. * 2 IT- 1- m~ttif4 Jl ~: J: I) frr~C. * Ull*J ~1&:!! ~ :tt, frr~C. * 2 ill*!~: li, IT- 1-M 
••ikL~,trr&•2•mmMosJ-~~v~~~•27"-J-m~ttffJ~~,mm1flJM 
• ~ 'h'Jf~mt ~ n, mr~e.• 2 -7''- 1- mt~ttffJ~Iitrr~e.mm1fl~J~ ~= J: IJ mr~e.• 2 ill*! ~tBt::m 
~ :tt ~ 1t) :b .:. ~ i ~1'1 ~ T :b o 

[0023] 
.:. ~-*'•i*~fi~li, * l•'l;mM o s r ~ ~ v ~ ~ ~7"- r ii'*!Vt ~ tt~ *1 ri~=J3 

v\~, * 2 7"- 1- m~ttffJ~ ~= J: 0 ~• 1 7"- r m~ttffJ~'h'1Bt::tt ~ n ~It\~ o .:. ~t::. ~ 
, m:tn!1fi~J~ i* 1 riJ3 J: a* 2 il~=~-t J: ~ ~=M~ Lt::. ~~=, ~rnn:aw ~ :tt:b J~ lim 
~1fi~J~,.27"-r'l;~ttffJ~J3J:a7"-J-MS••~cb:b~~,Vt*~M~~~•w~ 
:tt~ 1f£JM Jl ~*:liJ!J{ J: I) <by 7'j < 7'j 0 ~It\ :b o .:. :tt ~= J: 0 ~, 7l Jv ;".:::... y 7 }I{ -]til'~.:. It) ~= 3o 

< v\fffJ!!t ~ 7'j 0 ~It\ :b 0 ~ t::., m•1f£JMJ~ J3 J: a'* 2 7"- 1- m:tul!ttffJI ~M~~• Ull*l 
1r~J3 J: a• 2 ill*!$~= 'l;t~1fi~JI i*mt'T :b.:.~ il'llJl'f§ij:fiJi!t~cb :b ~ ~, Vt*~M~:ti!J 
i fflv\ t::.~*~)jtijl]Jf~iJDii$~ ~: L ~It\ :b o 

[0024] 
+~~~¥:-1if:~1i~~Ji!t:1J7*1i, £~liLI:~MS*~DJH:7f~nt ~ :ttt::.* 1 ill*! ~=IT- 1-mm 

irutftt::.* l;l#'l;mM 0 S 1- ~ ~ V ~ ~ ~, frr~C.ff.fS*~DJH:*mt ~ :ttt::.* 2 ill*! ~=IT-1-m 
~i~ltt::. <b~~trr~e.• 1•mm ~ li:i!t£•mm~• 2 •mmMo s 1- ~ ~v ~ ~ ~ i~PJ~ 
£~~=*mt'T ~ ¥:$1if;:~fi~~Ji!t:JJ7* ~:j3lt\ ~' frr~[.- 1 ill*! j3 J: arrr~e.- 2 ill*!~= 7"-
1-MS •• i*!VtT:bift~,trr&•l•l*J~,frJ&IT-1-M•mikL~,trrW•l•m 
IDMOSJ-~~V~~~-llT-rflt~;ftffJiifrr&*l·~~D$J:ltJl*J$.~BmtT ~ 
~Ift~,frrW*l•l*J~frJW7"-1-MS •• J3J:amr&*l7"-J-.~;ftffJI~ikL~ 
,J3J:atrr&•2•l*J~frJW7"-J-MS.mikL~,-21T-J-m~ttffJii%!VtT:bi 
ft~,frr&.27"-r.~itffJiifrr&*l•J3J:atrr&•2·~~~D$J:IJ<bl*J$. 
~~JJ-~~T~J:~~~*'T~Ift~,frrW*l•J3J:atrr&*2•~m•1fi~J~im~ 
Jbtr J: ~ ~=*mt L ~, trr~e.• 1 ill*!~= trr~e.• 1 m~ttffJ~ i3 J: atrr~e.• 2 m•ttffJi!il imr 
wm~1fl~J~~tBt:•-t:b~~t~,trrw•2•l*l~trr&*2m~ttffJ~itrr&m~1fl~J~ 
~1dt:«T ~I~.¥~, frr~C.ff.fS.D!itJ:: ~~'J ijfrr~C.'I;~1f£JM)\\j i ~* L ~, frr~C.- 1 ill*!~: frJ 
w•Im~MffJ~J3J:amrw•2m~ttffJ~itBt:«'T:b~•~trrwm~1fl~J~i~-t~~ 
<b ~:, mr~e.• 2 ill*!~: mr~e.• 2 •;tuittffJ~ itBt:«'T :b :~Xi~~: mr~e.mtl1fi~J~ i:¥~-t.:. ~ ~ 
, trr~e.• lill*l ~=• 1 •mmM o s 1- ~ ~ v ~ ~ ~7"- 1- •t~i*nt-t :b ~ ~ <b ~=, trr~e. so 
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•2m~~-2•mMMOS~5Y~~~~~-~-~~%~~~I~t~fi~~~t~ 
*ffft 9~o 
[0025] 
~~lf-·1*~1i~~~:/JY*I:Ii, .1.mMM 0 S ~ 5 Y ~ ~ ~ ~~- ~ 1J"%~ ~ :fl~ 

• 1 rt~:li, m:m11£J:li ~: J: 0 -c•1 ~- ~ m:tu!t-t#• :B J: a• 2 ~- ~ m:mt.t*41i ~*! 
~L, .2.mMMO S ~ 5Y~~~~~- ~1J"%~~:tt~•2r.J\tl:li, m:tu!ii£J;Ji~:J: 
-?-c•2~-~•~t.t*4•~~~9~~~:,m~ii£••~•1•:BJ:a•2•~~9J:~ 
~:m ~Lt.:~~~:, ~ mn: a 1:1:1 ~ :tt ~ li lim~il£• li :B J: a~- Ht:ts*~~ t ~ ~ o ~ ~ t.: ~ 
, 'JlivJ'\::::. :J 7 ~it Iii!@~ V) ~:<Po ~ t.:, m:fu!ii£J:Jij~Jj_~liJfml:•1 i.J\t~:g:J);B J: a• 
2 rt~:g:~~: mti11£J:li ~%~9 ~ ~ t iJ"llT~~~:~ ~ ~~:, .ft*~mm~J ~ m ~.-, -c~*Wtt~ 10 

mmnniiJ"?fl:~ ~:~:m ~ n~ o 

[0026] 
*jg00~.:'f-•1*~1i~~~:JJY*Ii, tUJir:l:~ffi@*~H~U:%iVG ~ :flt-:.1 rl~ ~:~- ~mtl 

~rutltt.:. 1•mMM 0 s ~ 5 Y ~ ~ ~ t, iWWeff:@*~Bl~:%~ ~ :ttt.:• 2 ?I~~:~-~ m 
tl~rutltt.: ~~~:oowe•1•mm t liM••m~• 2 ••mMo s ~ 5 Y~ ~ ~ t ~IPJ~ 
£;tli(~:%!VG9 ~ .:'f-•1*~1i~~m:JJ¥:t:~::Bv> -c, !Wwe• 1 r.J\t~;Jo J: al'iirwe• 2 rt~ ~:~-
~ff:l§•R~%~9~Iftt,fW~•1•~~,1W~~-~~••~kL-c,iW~•1•• 
mMOS~5Y~~~~-1~-~-~##Jij~frJ~-1-~00D:g:J)J:IJ~:g:J)·~%~~ 
~ Il!E t , l'iirWe. Ul ~ ~: iWWe ~- H':iSRR :l3 J: U'l'iir We. 1 ~- ~ Rtl ~tf-+ Ji t ~ k L -c 
,;BJ:a1rtr~·2·~~1iir~~-~ff:l§RR~kL"C,.2~-~-~##Ji~%~9~I 2o 
ftt,iW~-1-:BJ:a!W~·2·~-~~bJ:~~R:mQ•Ji~%~9~I~t,iW~ 
~RRJ::~~-~!W~R~ii£-Ji:BJ:Lll'iir~-2~-~-:m##Ji~~*L"C,l'iir~-1 
m~~-1~-~•~t-t*4•,•2~-~•~t-t*4•:BJ:am~11£J:Jijt~G~~•1• 
mMMOS~5Y~~~~~-~-~~%!VG9~tt~~,iW~·2·~~-2~-~· 
~##Jij;BJ:aR~ii£-Jijt~G~·2·RMMOS~5Y~~~~~-~-~~%!VG~ 
~Iftt~fi~k~t~~1§ft9~o 
[0027] 
~~.:'f-·1*~11~~~:/JY*I:Ii, .1.mMM 0 S ~ 5 Y ~ ~ ~ ~~- ~ iJ"%~ ~ :fl~ 

•1 it~:li, • 2 ~- ~-~M#J~n: J: 0 -c•1 ~- ~•tl~t#li ~~~9 ~ ~~:, mtl 
ii£•Ji~•1r.J\t:BJ: a•2r.J\t~:7~9J: ~ ~:liJf~Lt.:I~H:, ~oo~:ft:l±\~ n~Jilim~il£• 30 

1\j, •2~- ~m;tu!~-f#Jij;BJ:a~- ~~*~Hlt~~o ~~t.:~, .ft*~liJfm~~:f!l±\~ 
:fl~il£·1\j~*l~J: V) ~~'~< ~-?"CI.->~~1:, 'JlJv;'\::::.:; 7~-itlil@~ V) ~: < V'o :tt.: 
,mm11£••:BJ:a•z~-~•:mt-t*4•~m~~:•1m~$;J3J:a•2m~$~•~11£ 
•Ji ~%mt9 ~ ~ t iJ"llJ~~~~~:, it*~mm~J ~ ffl v> t-=~*Woc~mmnoiiJ"?fl:~ ~:11" ~ 
~0 

[j£00 ~J::1J*l 
[0028] 
*j£00 ~.:'f:-1tf;:~iili, 'Jl JvJ'\::::.:; 7 ~it~1!~ ~ L < Iii@~~ fMm9 ~ ~ t iJ"llJ~~ 

~.mmt~WL"Cv>~~l:, il§JiiJHi~~v>~- ~,m:~1J"1~G;fl, ~ 5Y~~~·Ii~~~rPJJ::1J" 
~n~ tv>~ ;f.U,¢.i:1J"~ ~o 4o 
[0029] 
*jg~ ~.:'f:-1tf;:~ii~~~:JJY* li, 'Jl Jv ;'\::::.:; 7 ~it~1!~ ~ L< Iii!@~~ 'fMm9 ~ 

~ t iJ"llJ~~~ ~ ~:, fl§Jii.J{'Ii~~ v> ~- H:M'm ~ti ~ ~ t iJ"l: ~~~I:, ?F{lJ 1J ~ rP:IJ:: ~ -lt 
~ ~ t iJ"l: ~, ~ t.: ~ 5 Y-;; ~ ~ 'li~~~rPJJ:: ~ ~ ~ ~ t iJ"l: ~~tv>~ ;f.U,¢.i:1J"~ ~ o ~ t.: 
, m~~~:am ~ n~ 11£••~ ~•1st~1J"Y~ < ~~ J: ~ ~:, • 2 ~- ~•:mt.t#li t • 
~ii£J:Jij t ~~1R9 ~ ~ t ~:, ilJv;'\::::.:; 7 ~it~1!~ ~ L < li~JJ (' ~ t iJ"-!it~~= ~: ~ ~ 
J: ~ ~= ~ ~ 0 

[j£00 ~~M!i9 ~ t.: ~~Ji.&~JFHJU 
[0030] 
*jg~~.:'f:•-f*~m~~~~~Mfi~%•~•1~~, ~1~•~-m~~oo~~J:0-cm ~ 
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~9~o 
[0031] 
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~ u::.lf-9 J:: ~ ~:, £iK 1 1 ~: li, *~?J-lllilR:J£ 1 2 ~: J:: lJ %Jlllf 6 tvc * 1 ~~ru! ( 
p ru!) M 0 S }- 7 ~:/A 7' 2 C: * 1 ~mru! C: li;1:2z~ntru! 0)* 2 ~mru! ( n ru!) M 0 S }- 7 
~ :; A 7' 3 e: il~* P.X: 6 n, ~~1*~ ii 1 ~ :tff P.X: L "( 1t) ~ o .1: ~c.£;tR 1 1 .1: ~: * P.X: 6 n t-: M!l 
*~B~ 2 1 ~: li, * U.Pf 2 2 ii~*P.t 6 ;ft, ~ 0)* U.Pf 2 2 l*H: p ru!M 0 S 1-- 7 ~:/A 7' 2 0) 
'f'- H!Ul3 1 ii~*P.X: 6 n "(It)~ o i t-=J:~c.M!l~n~ 2 1 ~: li* 2 rt 2 3 ii~~P.t ~ n, ~ 0) 
* 2 i# 2 3 l*J ~: n ru! M 0 S }- 7 ~ :/A 7' 3 0) 'f'- r mti 3 2 il~* JVG 6 ;fL "(It) ~ o 
[0032] 
J:~C.* U.Pf 2 2l*l ~: li, 'f'- 1-- *fg*~B~ 2 4 ~fr L "(, * 1 ~mru!M 0 S r 7 ~:;A 7' 0) 1o 

*1'f'-r-~~##~25C:,*2~mru!MOSr7~:JA7'0)*2'f'-rm~##~2 
7 e:, m;tn!~Ji~ 2 9 e: ii~~P.X: 6 n, J:~c.'f'- r mtrB. 3 1 ~:tffnX: L "(It)~ 0 J:~c.* 1 'f-
r- ~ililRi'-t#~ 2 5 J3 J:: r1* 2 'f'- r mtrB.##~ 2 7 lim~~kfi~ 2 9 ~: J:: lJ * 1 r# 2 2 l*.l 
"t"tll(tt ~ n "( \t) ~ o 
[0033] 
J:~C.* 2 i# 2 3l*l ~: li, 'T-- hf.i~*~B~ 2 4 ~fr L "(, * 2 ~mru!M 0 S r 7 ~:/A 7' 0) 

*2'f'-r-~~##~27t:,mtrB.~Ji~29C:#*P.X:~n,'f'-rSt!B.32~•P.X:L"( 
\t) ~ o J:~c.* 2 'f'- r mtli't#~ 2 7 limti~kfi~ 2 9 ~: J:: lJ * 2 r# 2 3 l*l "t"tllt5: 6 n "( 
It>~ 0 

[ 0 0 3 4] 20 

J:~C.* 1'f'- }- ~t!B.;fJ#~ 2 5 li, iJlj ;t f;J:' 7' ~ 7' Jv ( T a) , !\ 7 ~"/A ( H f) , 7' 
~ 7' Jv ( T a) , 7 7' ~ ( T i ) , 7' ~ lf' A 7 ~ (W) , Jv 7 ~ "/ A ( R u ) ~ L < li .f 
n G 0) ~ t:> O)t~J&tt~]'lJ• G JE1R 6 n~ i!~"t"*P.t9 ~ ~ e: il"-'1."' ~ ~ o J:~c.* 2 'f'- r mm 
#;f4~ 2 7 li, n ru!M 0 S r 7 ~:/A 7' O)'f'- r ~t!B.i'-t# C: L "( ffl1t> G ;ft~ ~lr\fi;fj#"t"~ 
lJ, 1JJJ.tfJ:77'~ (T i), J\7~"/A (Hf), 7'~7'Jv (Ta), 7'~7.AT~ (W 
) , Jv'T~"/A (Ru) ~L<Ii.f0)-ft~"t"*P.X:9~~C:il~"t"~~o J:~C.S;tn!~~~29 
li, 1JJJ;{_!;f7'~7·AT~ (W), 7'~7'Jv (Ta), 77'~ (T i) ~L<Ii.fO)it~, 
it-: li.f n G 0) ~ 'G 0) 2 tlW-J:'lJ• GJE1R 6 tt~fl~B~"t"*P.X:9 ~ ~ C: il~"t" ~ ~ o 
[0035] 
it-=, P ru!M o s r 7 ~:;A 7' 'llR:J:J.tn: J31t ~ J:~c.'f'- r mm 3 1 0) filli1l!H: J31t ~ J:~c.£ 30 

iK1 U:liX7A7~~a~iiR:l:Jt41ii~*P.X:6tL"(It)~o it-:, nru!MOS 1--7~:/A?' 
'1JR:l:!U:J31t ~ J:WC.'f'- r S;fl3 2 O)[illj{l(ij ~: J31t ~ J:~C.£iK 1 1 ~::.1;!: X 7 AT~~ a ~ilR:tt 
4 2 ii~*P.t 6 n "(It>~ o 6 G ~:, P ru!M o s r- 7 ~:;A 7' ilR~~: J31t ~ J:~c.'f'- r mti 3 
1 0) fi!li{l(IH: J31t ~ J:~C.£iK 1 1 ~: li x 7 A 'T ~ ~ a ~ '1JR!t 4 1 J:: lJ ~ ~ < '/-A · r v -1 
~'1JR:J:Jt 4 3 iJ~Jf)nX; 6 ;fL "(It>~ o ~ t-:, X7 AT~~ a ~'1JR:J:Jt 4 1 li '/-A • r v-1 ~'1JR:J:Jt 
4 3 J:: lJ ~ 'f'- r ~;tn! 3 1{l(IH: ~:i lJ 1±19 J:: ~ ~: * nX: 6 n "( 1t, ~ o 6 G ~: , n ru! M 0 S r 7 
~:/A 7' '1JR!£~: J31t ~ J:~C.'f'- r mti 3 2 0) fi!liOO ~: J31t ~ J:~C.£;tR 1 1 ~: li x 7 A 7 ~ ~ 
a ~ '1JR!£ 4 2 J:: lJ ~ ~ < '/ - A • r v -1 ~ '1JR!t 4 4 il~* nX; 6 ;fL "( It> ~ o ~ t-: , X 7 A T ~ 
~ a ~ ilR!t 4 2 li '/ -A · r v -1 ~ '1JR!t 4 4 J:: lJ ~ 'f'- r Stl3 2 1l!U ~: ~~ lJ 1±19 J:: ~ ~: ~ 
P.X:~;tt"(lt>~o J:~C.'/-A · Fv-'f~ilR!£4 3, 4 4£(00~:Ii~ 1J-1T-1 rB~4 5, 4 6il~ 4o 

Jf~P.X: 6 ;tt, '/-A · r v -1 ~ ilR:J:Jt 4 3 , 4 4 ~1&i'J£:J'JL1t L "(It>~ o ~ 0) ~ 1) -1T -1 FD~ 4 5 
, 4 6 li, -1JJJ C: L "( :::u\ Jv r ~ 1) -1T -1 F"t"~P.X: 6 ;fL "(It>~ o 
[0036] 
J:~c.~~i*~li 1 '1."'1±, P ru!M o s r 7 ~:;A 7' 2 O)'f'- r ~ti 3 1 :li'~P.X: 6 n~ * 1 

rt2 2~::j31t>"(, mm~li~2 9~::J::0"(*1'f'-1-m~##~2 5J3J::rY*2'f'-r-m 
1i#;J!4~2 7il'~1nt5:6;ft, nru!MOS r7~:/A7' 30)/j'- t-mti3 2ii'~~P.X:~tL~*2 
i#2 3 ~::j31t>"(li, ~ti~~~ 2 9 ~:: J:: 0 "(* 2'f'- r-~mi'-t;¥4~ 2 1 ii~tJJt:m6 tt"(lt'~ 
O)"(",mm~li-29~*1•22J3J::rY*2•23~a9J::~~mmL~-:•~,£(oo~ 
i!-1±16tt~~~imti~lr\fi~2 9J3J::rf'f'- t-M!l*~B~2 4'1:~~0)'1:, :JJJv;'\~y7!fJI;itiJ'~ 
J§~lJ~::<v>:ti~C:iJ:-J"(v)~o ~t-:, mtl~lr\fi~2 90)J;,O)mM"t"*li#2 2l*lff~J3J:: so 
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u~ 2 ~- 2 3 I*J=g:~~: 'ilt~:JL4i£~~ 2 9 ~ IDmt-t ~:: C: iFllJ~~~t:ffn!""<:~ ~ oy~, ii£:'¥ O)Wf~ 
:trJ ~ fflv~ t.: ;~Uiloc ~Wf ~iJOI ~?if£~: L "f v~ ~ o 

[0037] 
J:: 0"f, ;<js:~l¥J0)'*'$1*~1i 1 !i, 7lJ1v;"f::..y 7 ~lt~1ff:~?b L < liJI!§:: ~ fiDf~T~ 

:: C: iJ~llJ ~~ ~ t:ff mt ~ ~ L "f 1t ~ ~ 0) ""<:, fgJ!f~ '11: 0) ~ It) -7'- H:ff n! ;~Jql t? itt, t- 7 Y :J A 7' '11: 
~~0) rPJ J: iJ~!'RI n ~ C: v) 1 f.U ,¢.i:iJ'~ ~ o 

[0038] 
;<js:~l¥J0)'*'·~~1i0)·)1I~*~-~-~~O)ID80)~1M~, !'RI2-!'RI30).)1II~ 

~W!'RI~J::0"fml¥1-t~o~~,£-11~IDmt~n~*~~--~'~MOSt-7Y:J 
A7'0)'/-A · rv1Y, X7ATY~sY·:!Jt~O)!'RI5Fii~PJttL"flt~~o ::0)~*#-111~:-::::> 10 

v~"f li, !'RI4- !'RI5 ~: J:: 0 "f1ftitT ~ o 
[0039] 

!'RI 2 (1 ) ~:5F-t J:: 1 ~:, £• 1 1 J: ~: IDmt ~ nt.:if:i!i*~Bl2 u:, ~ 1$'m::ru! CW-T p 
:ru! C: L "f ~£ l¥1 T ~ ) M 0 S t- 7 :.; :; A 7' 0) -7'- t- '1:1~ iJ~ID mt ~ n ~ ~ 1 r• 2 2 ~ ID mt T ~ 
C: C: ?b ~: , ~ 2 $'1: :ru! ( W- T n ~ C: L "f m l¥1 T ~ ) M 0 S t- 7 Y :J A 7' 0) -7'- t- 'm:t~iJ'ID 
mt~n~~2~-2 3~IDJVGT~o J:~C.~li-2 2, ~2~-2 3li, lmilf0) 1)'/7771-
~fiC:xy~Y7~fi (M~~r71Xy~Y7) ~J::~IDJVGT~o it.:,J:~~-·2 
1 li, iJIJ ~ lf~1t~ 1) ::::r:.; .""<:IDJVGT ~ o ~ ~, J:~C.~ 1 ~- 2 2, ~ 2 i. 2 3 ~ J:: U£tlii: 
1 1 ~: IDmt ~ n~ r- 7:.;:; A 7' 0) x7 A -r:.; ~ s :.;•!~, ;; -A · r v 1 :.; •~O)IDJVt 1: 
-:::>v)"fli!'RI4-!'RI5 ~:J:: ~1ft~:ml¥JT~o 20 

[0040] 
*~' J:~~1-220)i*J00~J::UJ:~~2-230)i*J00~*~J:Wit:i!i8.21J:~-7' 

- t- if:i!i*~Bl2 4 ~IDmt-t ~ o :: 0) -7'- t- if:i!i*&t• 2 4 li, iJIJ ~ lfl'lt1t ~ 1J ::::r:.; ( s i o 2) 
, .m1t~1t~ 1) ::::r:,; (S iON), _m*~B'-~l\7::..l)A~ 1J7- t- (H f S iON), 
~{t;\7:-:..r)A (H f 02) , ~1t7 Jv~ ::..ryA (A l2 03) ~O)ttn""<:IDJVGT~:: C:iJ' 
""<:iL :::: ""<:liiJIJ~ lf~1t~1t~ 1) ::::r Y."l''IDJVG L, .fO).!JiiiJIJ~ If 2 n m C: Lt.:o 
[0041] 
~t?~,J:WY-t-~&-24~W~J:~~1$'ilt:ru!MOSt-7Y:JA7'0)~1Y-t­

'm:;fit!iJ:fn~ 2 5 ~IDJVGT ~ o J:~C.~ 1 -7'- t- 'l:;fit!iJ:fn~ 2 5 li, iJIJ ~If 7' Y 7' Jv ( T a) 
, l\ 7::.. '7 A ( H f ) , 7' :.; 7' Jv ( T a ) , ~ 7' Y ( T i ) , 7' Y ~,A 7 Y (W) , Jv 7 30 

::.. '7 A ( R u) ?b L < li.f ;fL t? 0) ~ 1? O)~j[~*:i®:il'- t? ~:JR.~ n~ ififi:-c"IDJVGT ~:: C: iJ~""<: 
~~o ::::""<:li-iJIJC: L"f, ~1-7'- t-'1:1~ttn~2 5~Jv7::..'7ACRu)Hl""<:IDJVGLt.: 
o .f(l)Bl!Jii, 1JIJ~If1 0 nm-4 0 nmf:~J;ELt.:o 
[0042] 
.f(l)a,J:W~1-22~J::U~2-230)i*J$~0)~, ?A7~26~%mtT~o:: 

O)?A7~2 61i, 1JIJ~If~U•2 2, ~2~•2 3~:lli!~Jb~J::1~:, ~w~:v:JA r-• 
~IDmt L t.:1ft, Wf~ (iJIJ~ lfC M P) ?b L < lix Y ~ ;"\ Y 7 ~ ~:~~l!U: J:: 0 "f, ~-· 2 
1J:O)~~~v:JAt-·~~~T~::C:~J::~IDJVt-t~::C:#""<:~~o 
[0043] 
*f:, !'RI2 ( 2) f:5F-t J:: ~ ~:, p ~M 0 S t- 7 Y:; A 7' 0)-7'- t- iJ'IDJVG ~ ;fL~ ~ 1 ~- 40 

2 2 i*J=g:~O)? A 7 ~ 2 6 li~ L, n :ru!M 0 S t- 7 Y :J A 7' 0)-7'- t- iJ'IDJVG ~ n~ ~ 2 r• 2 
3 I*J $ f: ID mt ~ n "f 1t) ~ ? A 7 ~ 2 6 ~ ~ ~ T ~ o ~ ~ , !'RI 2 ( 2 ) - !'RI 3 ( 1 0 ) i -c." 
li£1Jii: 1 1 :g:~~O)!'RI5Fii~PJttT~o 
[0044] 
* ~ , !'RI 2 ( 3 ) ~: 5F T J:: 1 ~: , J: ~[.? A 7 ~ 2 6 ~ X 'J ~ Y ~,?A 7 ~: fflv) '"( , ~ W: 
(M~~7Y~) ~J::~~;JR~~-1Y-t-'m:.iJ:fn~25~xy~Y7T~o ::O)M* 

, ~ 1 r• 2 21*J:g:~~: ~It~? A 7 ~ 2 6 ~:Wt:tJ! ~ ;fL "fit)~ :g:~:)J-0)~ 1 -7'- }- 'm:;tit-fJ¥4~ 2 
5 iJ'~~ n~o .fO)~, ~~ nt.:•1 Y- r-'l:•iJ:fn~ 2 5 liJ:~c.•1 r• 2 2 0)~ o:g:~J:: 
~?b·1-221*l$00~~~J::1~, xy~Y7~n~::C:#~~""<:~~o 
[ 0 0 4 5] 50 
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*~:~ ~2 (4) ~:~9J:~ ~:~ l:WG";"A7Ji2 6 (lWWG~2 (4) $P.t0 ~~*9~ 
0 :: 0)~* ~:I±~ :w~~rttr1J ~ m \.t~ ~:: e: n~-c' ~ ~ o :: O)*a*~ ~lit 2 21*1 ~:I±~ 1 7'­
r-•1nif-U4ll'!ll2 5 n~~ 1 ?t 2 2 0)~ o:&~J: V.J <t~ lit 2 21*1:&~00 ~:%mt ~ n~ ~ 2 ~t 2 3 
1*1~~:1±7'- Hl@k~Hl2 4iJ"fi'/:tl~tl~o 
[0046] 
*~:~ ~ 2 ( 5) ~:~9 J: ~ ~: ~ l:WG~ lit 2 21*1 ~:l:WG'i"- !-- ill@*~Bl2 4 J3 J: a l:WG 

~ 1 7'- 1- •:t~~t*4Ji 2 5 C: ~1r L '"C ~ ;13 J: lf l:WG~ 2 ?t 2 31*1 ~:l:WG'i"- !-- ff.-@~Hl2 4 
~1r L '"C ~ ~ 2 'T- !-- •t~~,f;f4Ji 2 7 ~%mt9 ~ o ;: 0)~ 2 7'- 1- •t~~,f;f4Ji 2 7 I±~ n 
ru!M 0 S !-- 7 Y :J A>' 0)7'- !-- •1ni~t*4 C: L '"C ffl \.t~ G :tt~ ~JH.f*4-c'~ VJ ~ 171J ,Z lt1' >' Y 

( T i ) ~ I\ 7:::. i'J A ( H f ) ~ >' ':/ >' Jv ( T a) ~ ?' ':/~fA "T ':/ (W) ~ Jv "T:::. i'J A ( 10 

R u) <b L < li J(-O)%~-c'%fflt9 ~ ;: C: iJ"-c' ~ ~ o ;: ;: -c' li ~ 171J ;{_It I\ 7:::. i'J A~ ffl \.t~ ~ 
M;t~10nm-40nmO)M~~%mtLko 
[0047] 
*~: ~ ~ 2 ( 6) ~:~9 J: ~ ~: ~ l:WG~ lit 2 2 ;13 J: lf~ 2 it 2 3 0) 1*1$ ~:l:mlt>Jbu J: 

~~";"A7Ji28~M,Z~~:JA!--Hl~~OO~mtHlL'"C%fflt9~o 
[0048] 
J(-0){~~-~ ~3 (7) ~:~9J: ~ ~:~ M~ (17JJ;{_ItCMP) <b L< liX'/1-1'\'/7~~:~ 

~~J:0'"C~ill@~Bl21J::O)~-~";"A7J\'!ll28~~*L'"C~~1-22;13J:a~2-2 
30)~l*J~O)~~J::E";"A7Ji28~~L'"C%mt9~o 
[ 0 0 4 9] 20 * ~: ~ ~ 3 ( 8 ) ~: ~ 9 J: ~ ~: ~ J:: ~G ";" A 7 Ji 2 8 ~ X '/ 1- ':/ 7" ";"A 7 ~: ffl \.t ~ '"C , ~ * 
(171J x_ 1t 7 '/ ~) ~: J: IJ ~1R1¥J ~: ~ 2 JT- r- •1RI1H4ll'!ll 2 7 ~ x '/ -r ':/ 7·9 ~ o :: O)*a* 

~ ~ 1 it 2 2 l*J=g:~~: ;Jolt~";" A 7 Ji 2 8 ~:t1Uf ~ n '"C \.t~ ~ :g.~?J-0)~ 2 7'- !-- •;Jitt*'l-ll'!ll 2 
7 ;13 J: a~ 2 ?t 2 3 1*1$~: ;Jolt~";" A 7 ll'!ll 2 8 ~:tilOil ~ n '"C\.t~ ~ $53-0)~ 2 7'- r- •t~~t 
*4Ji2 7iJ"~~n~o J(-0)~~ 7~~nt-::~2'T- r-•t~~t*4Ji2 71il:WG~lit2 2;13J: 
lf~2-230)~~tJ$J:V)<b~1-22~ ~2-230)~l*J$1WJ~~~J:~~~ X'/1-
':/ 7· ~ n ~ :: e: iJ~&, ~ -c' ~ ~ o 
[0050] 
*~:~ ~ 3 ( 9) ~:~9 J: ~ ~:~ l:WG";" A 7 Ji 2 8 (lW~G~ 2 ( 8) $P.~) ~~*9 ~ 

0 :: 0)~* ~:I±~ :w~W:t:A'IJ ~ m \.t~ ~:: e: n"-c' ~ ~ 0 :: O)*a*~ ~ 1 ~t 2 21*1 ~:I±~ 1 7'- 30 

r-•;Ji#*4J\'!ll25;J3J:a~27'-t-•;Jitt*4ll'!ll27~~1·220)~tJ~J:I')~~1·2 
2l*J$1~~~:%mt~n~ ~2it2 3l*J:&~~:Ii~27'- r-•:t~H*4Ji2 7iJ"~2~t2 30)~tJ 
~J:I')<b~2-23l*J$1WJ~%fflt~;fl~o 
[0051] 
*~:~ ~ 3 ( 1 o) ~:~9 J: ~ ~:~ l:WE~ 1 ~t 2 2 ~ ~ 2 ~t 2 3 O)l*J:g.~~:J:m.lb~t! J: ~ 

~J::Eill@~Bl21l:~l:E7'-1-ill@~Bl24~1rL'"C·;Ji~-Ji29~ffltBl9~o ;:0). 
;Ji~-J\'!ll 2 9 li ~ 17Jj ;{_It>' ':/ lf' A "T ':/ (W) ~ >' ':/ >' Jv ( T a) ~ 1- >' ':/ ( T i ) <b L < 
I± ..:CO)%~~ a: t-:: 1±.-:c n G 0) ~ t 0) 2 ~tJJ,J:: n'G JRtR ~ n~ filiHl-c'%mt9 ~:: e: iJ~-c' ~ 
~ o :::: -c' li~191J C: L '"C ~ >' Y rf A "T Y (W) ~ ffl \.t~ t-:: o ..:C O)*a*~ l:WE~ 1 ?t 2 2 l*J ~: 
;Jolt~ '"C l:WG~ 1 'T- !-- •t~#*4Ji 2 5 ;13 J: lf l:~G~ 2 'T- !-- •tiH:f4Ji 2 7 ~ l:WG•t~~ 4o 

.Ji2 9-c'*Btti9~C:C:<b~:~ l:WG~2it2 3l*J~;J31t~'"Cl:WE~27'- r-•;Ji#*4Ji2 7 
~ l:WG•t~~-Ji 2 9 -c'*Bttl9 ~ o 
[0052] 
*~:~ ~ 3 ( 1 1) ~:~9 J: ~ ~:~ M~4'11it& (191J;t 1tc M P) ~: J: 0 '"[ J::wcmt~~-ll'!ll 

29~11Jf~~*L'"C~J::E~1-22;J3J:V~2-230)l*J~O)~~-;Ji~-Ji29~~ 
9o ;:O)J:~~L'"C~~1-220)l*J~~~ 7'-t-ill@~M24~1rL'"C.17'-f-.;Ji# 
*4Ji25~-27'-t-.;Jit-f;f4Ji27~-;ji~-Ji29~G~~pru!MOS!--7Y:!A>' 
O)'i"-r-••31~%mt~n~~2•230)l*J$~~ 'T-t-ill@~Bl24~1rL'"C~27'­
r- ·*'I~tnli 2 7 ~ m•~-Ji 2 9 iJ' G ~ ~ n ru!M 0 s r- 7 ':/:;A>' 0) 7'- }- •t~ 3 2 iJ" 

%mt ~ n t-:: 0 so 
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[0053] 
J: ~[.~~:JJ#;: -c' li, J:~[. '?A 7 }j 2 6 , 2 8 ~ J>y f</ 7· '?A 7 ~:: ffl ~~~ "( ~ 1 7' ~ r ~ 

ti*f#Jj 2 5, ~ 2 y~ r ~:tn!*f#Jj 2 7 O)x )' f</ :~·q:, 7 )' ~, -t-0)1tifllo/J, 7 )' * 
1tifllo/J ~X)' 'f:,; 7·~1~ C: L "( ffl ~~~ ~ :: C: ;l)'>"(" ~ ~ 0 i t..:~1&:~: J: ~X)' 'f:,; 7. O)f\;p iJ 
~:: , ]"' 7 1 X )' 'f Y 7· ~:: J: iJ 1T ~ C: c i> '1."' ~ ~ o C: 0) ~if, 7 )' * ffi X )' 'f Y ~ 7J A ~ ffl 
~~~ ~ :: C: iJ~-c' ~ ~ 0 

[0054] 
it..:, J:~C.~ti~JJb,lj 2 9 O)iJDIIJ: c M p 0)1-\:;b iJ ~=-' ]"' 71 X)' 'f:,; ~ ~=- J: ~ :@:00 X 

)' 'f J '{ )' 7 ~=- "( 1T ~ :: C: {> llJ ~~ ""{" ;:b ~ 0 :: 0) ~if' 7 )' * * X )' 'f :,; :?'' .il A ~ ffl "~ ~ :: C: 
iJ~-c' ~ ~ 0 10 

[0055] 
.l.~C.:'f.~1L$:~1i:O)~~:JJ#;:-c'!i, ~ 1 ~~~ ( p ~) M 0 S }- 7 Y :/A 7' O),Y- r ;6'>7f~ 

mt ~ ;tt~ ~ 1 fflt 2 2 -z"!J:, ~:ti~~Jj 2 9 t: J: 0 -c~ 1/f~ r~~t-f#Jj 2 5 ;13 J: a~ 2 
lf~ r ~t~t,f#Jj 2 7 ~:wt;m L, ~ 2 ~~~M 0 S r 7 Y-:/ A 7' O)JT- J--7J'>%JV(; ~ ;ft~ ~ 
2 ?# 2 3 "(" li, ~*'!~JJb,lj 2 9 t: J: 0 "(~ 2 lf- }- ~ti*f#Jj 2 7 ~=Wt:tl9 ~ 0)'1,"'' ~ti 
~~Jj29~~1-22;}3J:lf~2•23~~,.J:~~m•L~•~, *m~•m~;tt~ 
jj !i~ti~~jj 2 9 ;}3 J: l!Y- r )jl{§f~Hl2 4 C: 7'.t ~ o :: 0) t..: ~, :il Jv;\.:::. )' 7 ~-]tli~:: 
iJ ~:: < ~~~o it..:, ~t~~JJbjj 2 9 O)J7-0)M8-z"'~ 1 ?# 2 21*J:g:~;f3 J: lf~ 2?# 2 31*1=&~~=-~ 
:li~JJbjj 2 9 ~ %mt9 ~ :: c iJ'llJ~~l"' 2b ~ 0) '1."', tiE* O)M8:tf!J ~ ffl ~~~ -c f.U~ It i".tM87JDI 
;6~$£ ~:: ~:m ~ ;ft ~ 0 20 

[0056] 
:: 0) J: ~ t:, :ilJv ;\.:::. )' 7 ~-]t ~1!:b~ i> L < !i~:: ~ fM89 ~:: C: iJ"llJ~~ C: 7'.t iJ, m 

JliJi•J1:0) 1\Wi ~~~ -Y- r :flf~ ~ 1l ~ :: e: n~l"' ~ ~ 0) -z", ~il D ~ rflJ .r. ~ --1t ~ :: e: n"-z" ~ , :t t..: t-
7:,;:; A Y ·11:~~0)rflJ .r. ~ ~ ~ :: e: n'l"' ~ ~ e: ~~~ ~ r.u ,¢.l:n~2b ~ o 
[0057] 
*t:, .l.WC.~1?#2 2, ~2?#2 3;}3J:l!p~MOS r7Y:JA7'0)'J-A · ¥'v1Y 

~:l{t, n~MO S l'-7YYA7'0)'J-A · ¥'v1 Y~J£~0)%JV(;:JJ#;:~:-:::>It~·c -t-O)~iJIJ 

~, ~4-~50)~~I~~oo~~J:0-cm009~o 
[0058] 
~4 (1) t:~9J:~t:, *-=f)t~O)%JVt1xtfr~ffllt~"(, iJJJ.;U:fST I (ShallDNTren 30 

ch Isolation) 1xtfr ~ ffl ~~~ "(, £1R 1 1 0)*1Ifi~:l{t~:, p M 0 S r 7 Y-:/ A 7' O)Jf~pjt~J£ 
c nMO S r7Y:JA7'0)%JV(;~:I:ttc~5t/1lt9~*-=f5t/ll~J£1 2 ~%mt9~o 
[0059] 
*~::, ~ 4 ( 2) ~::~9 J: ~ ~::, .r.wc.£tR 1 1 *oo~:y- J-)jl{§f~Dll 3 ~%mt9~o :: 

O)lf- J--)jl{§f~Dl1 3li, iJIJX.!~', *m~1t1i:1t&~m"~-c, ~1tY 1J :::rYDl-z"5 nmO)IJ~ 
t::%mt9 ~ :: e: n~l"' ~ ~ o *"~ -z", -Y- r )jl{§f~Dl.l. ~:: 7'~ ~ ~ lf~ t- ~%mt9 ~ t..: ~ O)iJIJ x. 
If~ 1J Y 1J :::r:,; Dl~ nX:Dl L, ~ G ~:~1tY 1J :::r Y Hl~%mt9 ~ o .l.WC.~ 1) Y 1J :::r Y Hlli 1 
0 0 nmO)IJ~t:, .l.WC.~1tY 1) :::rYDlli5 0 nmO)IJ~t::%mt9~o -t'O){~, :im~0) 1) 
'J :?'' 7 7 1 -1xtfr ;}3 J: l!R I E fxf.tif ~ ffl ~~~ "f, J:~C.g1tY 1) :::r Y Dl;B J: lf~ 1) Y 1) :::r Y Dl 
~ ;'\ 7' ~.::.:,; 7· L -c 7~ ~ --Y- r 1 4, 1 5 ~%mt9 ~ 0 40 

[0060] 
;jz~:, ~4 (3) ~:~9J:~~:, iJIJX.!~', p~MOS r7Y:JA7''iil'iJ£~iJIJX.Ifv:JA 

r -c'"? A 7 L "(, 1 :t Y 1±A.1xtfr ~ ffl ~~~ "(, n ~M 0 S r 7 Y-:/ A 7' ilJUt~: ;}31t ~ .l.WC. 7'~ 
~-Y-r150)W00~;}3~~J:E£.11~X7A~YYaY~:i:tt42~%JVt9~o-t' 
0){~, .l.WC. '?A 7 ~ ~1;:- Lt..:{~, n ~M 0 S r 7 Y-:/ A 7' ~J£~ iJIJ X.~~, v-:/ A r '1."'"? A 7 
L"C, 1 :tY)±A.1xtfr~ffl1t~"C, p~MO S r 7Y:JA7'~:1:t~:;Bit~.l.WC.f~ -Y- r 
1 4 O)W1~H:;Bit ~ .l.WC.£1R 1 1 ~:x 7 A~ Y Y a Y~:l:£ 4 1 ~%mt9 ~ o f-0){~, '?A 
7~~1;:-9~o .l.WC.X7A~YyaY~:I:£4 L 4 21ic''SG~;tt:%JV(;L"Ci>J:1t~o 
[0061] 
*~::, ~4 (4) ~:~9J:~ t:, iJIJX.I:f, p~MOS r7YYA7'~:1:£~iJIJX.!:fv:JA so 
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r "t"7 .A 7 L:·c, 1 :t :/ ¥i.A111frr ~ Jih~ "C, n ~ M 0 S r 7 :/ -:J .A ?' iiJlJ£~: :Bit :Q l:WC. ?'" 
~ - IT- r 1 5 ~ 1iiiT 1Itij ~: :B It ;Q 1: we.£1EZ 1 1 ~: 1: we. x 7 ;.z, 7 :;,; y s :;,; iiJlJ£ 4 2 J: l'J t ~ < 
'J-.A · rv1 YiiJl:i£4 4 ~%JVG"9;Qo ;it::., 'J-.A · rv1 Yi1Jl~4 41:L X7 .A"T:/ 
YsYiiJl:tlt42#'J-.A·rv1YiiJl:tlt44J:l')tY~-IT-r15~~-l')W"9J:~~ 
%JVG"9:Qo~~-,J:~7.A7~~*L~a, n~MOSr7Y-:J.A?'iiJl~~ffl~~v-:J 
.A r "t"7 .A 7 L "C, 1 :t :/ ¥i.A111fr ~ J'lh~ "C, p ~M 0 S r 7 :/ -:J .A?' iiJi~ ~::Bit :Q l:.WC. 
?'" ~ -IT- r 1 4 ~ 1iiiT 1I(ij ~::Bit :Q J:. WC. £t!it 1 1 ~: J:. ~[. x 7 .A T :/ Y s :/ iiJl~ 4 1 J: I') t ~ 
< 'J - .A · r v 1 :/ iiJl~ 4 3 ~ Jf~ JVG T :Q o ;i t::., 'J - .A · r v 1 :/ iiJl!lt 4 3 li, x 7 .A 7 
:/ Y s :/ iiJl!lt 4 1 iJ"- 'J - .A · r v 1 :/ iiJlJ!t 4 3 J: l') t ?'" ~ - IT- r 1 4 1WJ ~: ~~ l') W "9 J: ~ 
~:%JV(;"9:Qo ~~~~, 7.A7~~*"9:Qo l:.WC.'J-A · rv1YiiJi~4 3, 4 41ic~i?l? 1o 

~ )'[; ~:% 1VG L --c t J: v ~ o 
[0062] 
:::kv~"t", J:.we. 'J- A · r v1 YiiJi:tlt 4 3, 4 4 ~f!iH: Y 1J -ll"1 rH~4 5, 4 6 ~%1VG"9 

:Qo 2:~Y 1)-ll"1 rH~4 5, 4 6li, ~1it~Y 1)-1J"1 r7"P-tA~:J:-?'"C%JVG"9:Q2:~iJ" 
"t" ~ , ::: ::: "t" li, ~19JJ ~ L --c :1!\ Jv r Y 1J -lT 1 r "l"% JVt L t::. o 
[0063] 
:::k~:, ~ 5 < 5) ~:ffi"9 J: ~ ~:, J:.we.?t· ~-IT- r 1 4, 1 5 J: ¥J t 1\lb < n"-:::>1lt:M"9:Q 

J: ~ ~:, J:.WC.£t!it 1 1 J:. ~:MS*~H~ 2 1 ~%1VG"9 :Q o ::: ~MS*~~ 2 1 li, 191J~ 1£1t!¥:1¥J~~§ 
1VG* ( c v D) 111fr ~ ffl v~ --c, ~1t Y 1) :::1 :;,; ~ 3 o o n m*.!E.OC~ JJ ~ ~::ttUi L "C%1VG"9 :Q 
0 

[0064] 
::;k~::, ~5 (6) ~::ffi"9J:~ ~::, 191JX.!;fCMP111frr~fflv~-c, J:~C.MS~H~2 1~llfi~f 

:f:JHt"9 :Q ~ ~ t ~:J:.we.?'· ~-IT- r 1 4, 1 5 J:$~~1tY 1J :::1:;,; H~~ .BW ~ 1t :Q o 
[0065] 
::;k~::, ~ 5 ( 7) ~::ffi"9 J: ~ ~:, J:.~C.~1t Y 1J :::1:;,; H~~ ~1RI¥J ~:: ~*"9 :Q o ::: ~ ~*1JO 

IIi, m~~:J::QX'J-f-Y7.~fflv~:Qo ~ !?~:,?'·~-IT- r 14, 1 5 ("WJ~C.~5 (6 
) ~P,~) ~*' 1Jy1) :I:/~~' 191JX.Iil~)it'l~1:tYx'J-f-Y:7"' (R I E) 111fr~fflv~--c~ 
*"9 :Q o 2: ~*ilHI~:, M§*~~ 2 1 ~: * 1 ?$f. 2 2 , * 2 ?$f. 2 3 iJ"%JVG ~ ;tt:Q o 
[0066] 

20 

:::k~:, ~5 (8) ~:ffi"9J:~ ~::, J:.we.*U1f.2 2, *2r1t2 3~1ffff~~::%1VG~:tt-cv~:Q 3o 

IT-rMS*~H~13 (ftJWC.~4 (2) ~P.~) ~~*T:Qo 2:~~*1JOIIi7'J~-*x'J'f-:/ 
7·{t~fflv~:Qo :::~*i'f*, MS~H~2 1 ~:: p~MO s r 7:/-:J.A?'~IT- riJ"%1VG~ :tt:Q* 
1?.1¢ 2 2 ~ n ~M 0 S f. 7 :/ -:J .A ?'~IT- r iJ'>%JVG ~ ;ft:Q * 2 j$f. 2 3 iJ"%JVG ~ ;ftt::. o 
[0067] 
:::k~::, *~00 ~-¥$1;$:~@:~:-f*:Q ~~:h\!i~%i~~* 2191J ~, ~ 6 ~;jll)t~fffJVt~OO~ ~:: J: 

0 --c IDV~ "9 :Q o 

[0068] 
~ 6 ~::ffi"9 J: ~ ~::, £t~ 1 1 ~:: li, ~~5Hili1Jl~ 1 2 ~:: J: ¥J 5t~ ~ ;tt --c, * 1 $11~ ( 

p~) MO S r7Y-:J.A?' 5 ~*1$1l~~li:@:$11~~*2$'fl~ (n~) MO S r7 
:/ -:;.A ?' 6 ~ iJ"% 1VG ~ ;ft, -¥$1*~@: 1 ~ 1:1f 1VG L "C v ~ :Q o J:. WC.£tiit 1 1 J:. ~:% 1VG ~ :tt t::. MS 4o 

*~»~ 2 1 ~:: li, * Hff 2 2 iJ"Jf~JVt ~ n, ::: ~* 1 ?1f. 2 2 I*n:: P ~M o s r 7:;,;-:; A?' 2 ~ 
IT- f. 111~ 3 1 iJ"-%1VG ~ n --cv~ :Q o i t::.l:.WC.~-@*~H~ 2 1 ~: li* 2 ?$t. 2 3 1J"-%1VG ~ n, 2: ~ 
* 2 j$f. 2 3 !*H: n ~ M 0 S r 7 :/ -:J A ?' 3 ~ 1f- f. 11;fu! 3 2 iJ"% JVG ~ tt "C v ~ :Q o 
[0069] 
J: ~[.* 1 if 2 2 I*H: li, IT- f. *f§t&<H~ 2 4 ~ft L "C, * 1 $1I~M 0 S r 7 :/ -:J .A?'~ 

*11T-r11~##~25~,*2$1I~MOSr7Y-:J.A?'~*21T-r'fl~##~2 
7 ~, 111~~~~2 9 ~iJ"%1VG~n, J:~C.IT- r'fl1~3 1 ~1:1f1VGL--cv~:Qo J:WC.*11T­
r'fi~H#~ 2 51i* 21T- r'fl~~t#~ 2 7 ~:: J: l'J * 1 rt 2 2 I*.J"t"f!t:M~ n--cv~:Qo 
[0070] 
J:~C.*2i$t.23I*.J~:Ii, IT-rMS~H~24~1l--L'"C, *2$'ri~M0Sr7Y-:/.A?'~ so 
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-2~-~-~##~27L,R~~-~29L#%~~~- ~-~R;Ji32~-~L~ 
It~ .:6 0 

[0071] 
l:WG·1~-~R;fu!t.t#~2 5li, 1JIJ;tlf:7Y:$'Jv (Ta), l\7::..t';A (Hf), :7 

Y :$' Jv ( T a) , 1- :7 Y ( T i ) , :7 Y Jf A 7 Y (W) , Jv 7::.. t) A ( R u ) ~ L < li .f 
~ t> 0) ~ 'S O):fj!~d:l~il~ t> e1R ~ ~.:6 -€\'~L"%~"9 .:6 ~ L iJ~L" ~ .:6 o l:WG. 2 ~- ~ Rt~ 
t.t#~ 2 7 li, n ~M 0 S ~ 7 / "V' A :7 0)~- ~ 'iltin!## L L ~ ffl v~ G ~.:6 ~-t.t#L"~ 
V) , iJIJ ;{_If 1- :$' / ( T i ) , J\ 7::.. ry A ( H f ) , :7 / :$' Jv ( T a) , :$' Y lJ' A 7 / (W 
) , Jv.::;-::..r>;A (Ru) ~L<Ii.fO)-€\'~L"%~"9.:6~LiJ"L"~.:6o l:WGR;fu!~-ij2 9 
li, 1JIJ;{_If:7Y:7''A7Y (W), :$'Y:$'Jv (Ta), 1-:7Y (T i) ~L<Ii.fO)-€\'~, 10 

it.: li.f ~ G 0) ~ '0 0) 2 *IW-J: il~ GJR!R ~ ~.:6 :ffijDl'L"%~"9 .:6 ~ L iJ"L" ~ .:6 o 
[0072] 
it.:' p ~M 0 s ~ 7 y -v- A:$' ilJ!!Jt~:_ ;Bit .:6 l:WG~- ~ -~ 3 1 0) [lllf1}1JH: ;)31t .:6 l:WG£ 

tEO 1 ~:. liX.:7 A 7/ Y s YilJ!Jt 4 11J"%~ ~~~It~ :Q o it.:, n ~M 0 S ~ 7 Y "V' A :7 
ilJ!Jt ~:.;Bit :Q l:WG~- ~Min! 3 2 O)[lljf1}1JH: ;Bit :Q l:WG£t.st 1 1 ~:. li X. :7 A j- /~Sf /ifJl!£ 
4 2 iJ~% ~ ~ ~ ~ 1t ~ .:6 o ~ t> ~:., p ~ M 0 S ~ 7 Y "V' A :7 ilJ!!£ ~:. J3 ~t .:6 J: WG ~- ~ R:li 3 
10)[lllf1}1JH:J31t.QJ:WG£t.st1 1 ~:li:r..:7.A7/Ys /ifJl!£4 1 J: YJ ~iW< 'J-A · P'v1 
/ilJ!Jt 4 3 iJ"%~ ~~~It~ :Q o it.:, X.)' A 7 Y Y s /ifJl!£ 4 1 li 'J- A · }" v1 YilJii£ 
4 3 J: V) ~ ~- ~ R:fu! 3 1 1l!U ~:. 5i YJ tl:l "9 J: ~ ~:.% ~ ~ ~ ~ v ~ :Q o ~ G ~:. , n ~ M 0 S ~ 7 
Y "V' A :7 ilJ!!£~:_ ;)3 ~t .:6 l:WG~- ~ R:li 3 2 0) [lllf1l(i] ~:.;Bit .:6 l:WG£tR 1 1 ~:. li x. :7 A 7 Y Y 2o 

s Y ilJ!!£ 4 2 J: Y) ~ ~ < 'J- A • }" v 1 Y ilJii£ 4 4 iJ~%~ ~~~It~ .:6 o it.:, X. :7 A 7 / 
~ s -;,; ilJ!!£ 4 2 li '} - A · r v 1 ::.-- ilJ!!£ 4 4 J: ¥J ~ ~- ~ R:li 3 2 1l!H: 5i ¥J tl:l "9 J: ~ ~:. m 
~~~~lt~:Qo l:Wc'J-A · P'v1YilJii£4 3, 4 4~filfi~:liY 1J'V1 P'Dl4 5, 4 61J" 
%~~~- 'J-A · P'v1 YilJ!Jt4 3, 4 4 ~1!ft~~1JL1tL~v~.Qo ~O)y 1) 'V1 P'Dl4 5 
, 4 6li, ~iJIJL L~:::r;~Jv~Y 1)-1T1 P'L"%~~~~v~.Qo 

[0073] 
l:Wc~$1Lf;:~Ji4L"Ii, p~MOS ~7Y"V'A:7 20)~- ~-~3 11J"%~~~.Q-1 

ifq. 2 2 ~:;B1t~~, • 2 ~- ~R:fi##ij 2 7 ~:. J: 0 ~-1 ~- ~ R:tu!M#~ 2 5 iJ~:tBtrl~ 
~ ~lt~:Q 0)'1:", R;fu!ii£~fij 2 9 ~~ 1 ?fq. 2 2 J3 J: l!~ 2 ?fq. 2 3 ~:.~"9 J: ~ ~:Wfm Lt.:I~H: 
, ~tlfi~:fi'tl:l ~ ~:Q ~ liR;Ji~-~ 2 9, ~ 2 ~- ~ Rt~##~ 2 7 J3 J: l!~- H':@*~Dl 3o 

24L~.:6o ~O)J:~~-~**~J:V)~Wfm~~~tlfi~fi'tl:\"9.:6~••0)••#~~~ 
~ ~ 1t~ :Q 0) '1:", 7/ Jv ~~::..;; :7 JliC:ltiJ"il@ ~ V) ~:. < v~t~Ji L ~ 0 ~It~ :Q o i t.:, R:tiii£~8 2 
9J3J:l!~2~-~·~##•270)Wfm'L"~1•22~$;J3J:l!~2•23~$~•m 
~Ji- 2 9 ~%~"9 :Q ~ L iJ~PJfl~~tf/lJi'L"~ .:6 0)'1:", ~*O)Wfm;~·IJ ~ ffl v~ t.:i\U~oc~Mm 
iJDI~~£~: L~1t~.:6o 
[0074] 

J: 0 ~, /.$-:~~ 0)~$1Lf;:~Ji 4 li, 7/ Jv ~~::..;; :7 JI1C:tt~1!f~ ~ L < Iii!@~~ fMm"t :Q 
~ L iJ~PJfl~~fl~ ~ ;ff L ~It~ .:6 0) '1:", miliJ{'I~O)~ It~~- ~ tiJiiJ"1~ t> ~- ~ 7 Y "V' A :7 ·I~ 
fj~O)[tt)J:1J~~~.:6 LIt~~ tU}~iJ"~:6o 
[0075] 40 

*~-*~~O)~$~-~~O)·Ji~~~~.Q~~~O)%a0)~2M~.~70).JiiW 
~oo ~ ~:. J: 0 ~m~'T .:6 o 

[0076] 
~7 (1) ~:~"9J:~~:, lWWG~11JIJLIPJ;J1fd:L~ • .IJ.TO)fD-t.A~1T~o "9~b'0 

,£tR11J:~%~~~t.:~-~21~.~1$8ID (W-Tp~LL~m~"t.Q)MOS 
~ 7 Y "V' A :7 0)~- ~ Rt~iJ"%~ ~ ~.:6 ~ 1 ?fq. 2 2 ~%~"9 .:6 L L ~ ~:., ~ 2 $RID (W­
Tn~L L~m~"9.:6) MO S ~ 7Y"V'A:70)~- ~-1~iJ"%~~~:6~2ifq.2 3 ~%~ 
"9 :Q o J:wc~ 1 ifq. 2 2, ~ 2 ifq. 2 3 li, Jffi1it0) lJ '} :7'' 7 71 -t~1tr L x.;; -r-;,; :7''H:1tr Cf?IJ 
x_ If r 71 x.;; -r-;,; :7·) ~:. J: ¥J %~"9 .:6 0 it.:, J:wc~*~Dl2 1 li, f?IJ x_ ff~1t y 1J :::r-;,; 
~'"C")f~~T.Q 0 50 
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[0077] 
*~- ~~•1•22~~oo~~if~~•2•23~~oot~b~~~am21~~~ 

~ J-~*~H~2 4 t%RX:T~o ::..~~~ l-~*~m2 41;l:, 1J!J.Zif~1t~ 1J :::1-;_; (S i 02) 
, ~1tif!1t~ 1J :::I";/ (S iON), ~~t~bl\7.::.')A~ 1)7~ 1- (H f S iON), 
~{tl\7.=:.'7A (H f 02) , if!1t7 Jv~ .::.')A (A l2 03) ~~tt#-e%RX:T~ ;:_ t:.iJ~ 
-e ~ , ::.. ;:.. -e l;l: 1J!J ;t lf~1t B!Ht ~ 1) :::1 -;_; m -e%RX: L-, .f ~ mu;q;J: 1J!J ;t If 2 n m t:. L-t.:: o 
[0078] 
*~-•1•22~~oo~~~~~~-~•m24t~L-~~~•1•smMosJ-~-;_; 

:J A 37 ~- 1 ~~ 1- 'il*'itt#JI 2 5 t%RX:T ~ o .f~~. m 1 ~~ 1- 'il*'iitt+li 2 5 l;l:m 
lit 2 2 ~ ~ o:g:~ ~ v; <b ~:g:~1WJ ~:: %RX: ~ n~ o ~wem 1 ~~ 1- '~~*'ift*4~ 2 5 t;J:, 1J!J.Z 1t- 10 

37 -;_; 37 Jv ( T a ) , l \ 7 .::. '7 A ( H f ) , 37 -;_; 37 Jv ( T a ) , 1- 37 -;_; ( T i ) , 37 -;_; lJ' A 
7-;_; (W) , Jv 7.::. '7 A ( R u) <b l- < i;l: .f :ft ~ ~ ~ '6 ~tl~~i:glfbo~ ~ ~;JR ~ :ft~ i\-11£-e 
%RX:-t ~::.. t:. iJ"-e ~ ~ o ;:_::.. -et;J:-1J!J t:. L- ~, m 1 ~~ 1- St!!Btt#Ji 2 5 t Jv'T.::. '7 A C 
Ru)m-e%RX:L-t.:o .f~D~IJI;l:, 1J!J.Zif1 0 nm~4 0 nm~::rutJE.L-t.::o 
[0079] 
*~::. ~wem1it2 2~~::~we~~ ~-~*~m2 4~~if~wem1~~ J-'il:titt#ll2 5 
t:.t~L-~.~~if~~•2•23~~~w~~~-~•m24t~L-~.•2~~~-•m 
Mif+ll 2 7 t%RX:T ~ 0 ;:_ ~- 2 ~~ )- S:t!!Btt#~ 2 7 i;l:' n mM 0 s )- ~-;_;:;A 37 ~~ 
~ 1- S:t!!Bft# t:. L-~ fflv) ~ :ft~ 1il~tt#-e £b VJ , 1J!J ;t If 1- 37 -;_; ( T i ) , l\ 7.::. '7 A ( H 
f), 37";/37Jv (Ta), 37";/lf'A'T-;_; (W), Jvf.=:.')A (Ru) tl-<I;J:.f~i\-11£-e 2o 

%RX:-t~::..t:.iJ'>-e~~o ::..::..-el;l:, 1J!J.Zit';\7.=:.'7Aiffllt), 1J!J.Zit'1 0 nm~4 0 nm 
~n~JJ~::%RX:L-t.:o ::..~*5*, ~wemut2 2~~::~~~)~. ~wc.m1~~ J-Smtt#~2 
5 t;J:c'P?J: < t:. t ~wem 2 ~~ 1- m:tnitt#ll 2 7 ~:: ~ VJ ~:m~ n ~~~) ~ o 
[0080] 
:9o::, ~ 7 ( 2) ~::~-t ~ ~ ~::. ~wem ut 2 2, • 2 it 2 3 ~l*J:g:~tm!~Jbb ~ ~ ~:: 

~WM&m21~~~w~~~-~•m24,m2~~~-••tt#ll27~t~L-~••11£ 
~112 9tnX:m-t~o ::..~•:tni1il~Ji2 9l;l:, 1J!J.Zif37-;_;~rA-r-;_; (W), 37";/37Jv (T 
a), 7-37-;_; (T i) <bL-<I;J:.f~i\-11£, ~t.:l;l:.f:ft~~~'S~2~i:W-~ii~~JE;JR~:ft~ 
~lJID~-e%RX:-t~::..t:.iJ'>-e~~o ::..::..-ei;J:-19JJt:. L-~. 37";/lf'Af";/ (W) tfflv)t.::o 

[ 0 0 8 1 ] 30 

*~::. ~ 7 ( 3) ~::~-t ~ ~ ~::, 15Jfmft1t& (1J!J x_ 1fc M P) ~: ~ 0 ~ ~wes•11£~~ 2 
9t1iJfm~*L-~.~Wm1.22~~ifm2.23~l*ls~~~••~~ll29t~-t 
o ::.. ~ ~ ~ ~: L- ~, m 1 it 2 2 ~ l*J :g:~ ~:, ~ ~ 1- M*~ D~ 2 4 t ~ L-~ m 1 ~ ~ 1- S:t~ft *4 
ll25,m2~~~-••tt*41127.Sm~~li29~~?J:~pmMosJ-~-;_;:;A37~ 
~~ ~-••3 1"h"%RX:~n. m2rt2 3~l*J:g:~~:. lj'~ H:fS*~D~2 4t~L-~m2lf'~ r­
•:tnitt-*4~ 2 7, •:tni11£~Jj 2 9 il~ ~ 7'J: ~ n gM 0 S 1- ~-;_; :J A 37 ~lj'~ 1- •• 3 2 iJ'>~ 
nX: ~ nt.:o 
[0082] 
~we~2~>f<t:~1i~~Ji:JJU;-ei;J:, m1•'ilm (pg) MO S 1- ~-;_;:JA37(J)lf'~ 1-iJ"~ 

nX: ~ n~ m Ut 2 2 -e i;l:, m 2 If'~ 1- S:titt#JI 2 7 ~:: ~ 0 ~- 1lf'~ 1- S:tnitt#JI 2 5 4o 

t•:m-t~~-e.•m~~ll29tm1.22~~u•2•23~~-t~~~1iJfmL-t.:~ 
~::. ~oo~:rtlli~n~JII;l:S:fni11£~112 9, m2lf'~ J-Stitt#ll2 7~~iflf'~ H:fS*~ 
H~2 4 t:. ?J:~o ;:_~t.::~, ilJv;'\.=:.y 7 Jlil;jtl;l:{tE:l!Hxfit&~ VJ l;l:il@;:.. VJ ~:: < < 7'.t~o ~ t.::, 
••~~ll29~~ifm2lf'~J-smtt*41127~mm~•1•22~S~~ifm2•2 
3l*ls~•m11l~ll29~~u•2lf'~J-•mtt#ll27t~nX:-t~::..t:.#w~-e£b~~ 
-e, t'E*~15Jfm~J t fflv) ~;§H~JJt ?J:liJfmtni"h"~£ ~: ~~ ~ n~ o ~ t.::, 15Jfm~~:rtl±l ~ 
n~ ~~11 ruJ ~•1sl:~iJ"c'P?J: < ?J: ~ ~ ~ ~::, m 2 If'~ 1- •t!!Bttt+ll 2 7 t:. •:ti11l~ll 2 9 
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~91 A~12 s:.~~Cn~) Mos .§.i(l)_7-J~E-iC3)7} ~_},a~~. lfrS:.j]J ~~lCl)~ --TAa-6}JL ~l:f-. _},J-71 71:>&Cll) -"cc-OJl ~Aa-'8 1!'t! 
"8f(21)0J1~. AU ~(22) 01 ~_},d~JL, 01 Alll ~(22) 1-J10J1 P~ MOS .§.i(l)_;>;1~E-iC2)91 7ll 0l E ~~(31) 01 ~Ad~'"'i Ulf. EE 
~ ~7) .:@'i'!Bf(21)0J)~ A1)2 ~(23)o) ~_},d~Jl, oj A1)2 %(23) 1-]10J] n~ MOS .§.i(l)_7-J~Ei(3)91 Jl]o)_§_ ~~(32) 01 ~_},a~ 

~ ~q, 

~7] Alll ~(22) 1-]10J]~, Jl]o)_§_ .:@'i'!Bf(24) ~OJl, Alll.£~~ MOS .§.i(l)_.A]~E-191 Alll 71] 0].§. ~~ A]li%(25)-:ilJ-, A~l2 .£ 
~~ Mos .§.i(l)_.AJ~E-191 A~12 7ll 0l.§. ~~ A]li%(27)4, ~~ ii-4f%C29)ol ~_},a~'"'i. JlJoJ_§_ ~~(31)% --T"'a-6}JL ~l:f-. 
%71 Au Jl)01.§. ~~ A)Jli%(25) ~ A~)2 Jl)OJ_§_ ~~ Al]li%(27)-f!: ~~ ii-4f%(29)0JJ 91-t] Au ~(22) l-]10J)J..l Jij-Jij-~~ 

~q. 

%7] A112 ~(23) 1-]10J]~, Jl]o)_§_ .:@'t["8f(24) ~011, A~l2 .£~~ MOS .§.i(l)_.A]~E-191 A~l2 Jl)01.§. ~~ A]li%(27)-:ilJ-, ~~ ii" 
4f%(29)o1 ~Ad~~. Jl]o1.§. ~~(32)% --T_},a-6}JL ~q. %71 A1l2 Jl]o].§. ~~ A]li%(27)-f!: ~~ ii-4f%(29)0J] 91-t] A112 
~(23) 1-]10J]J..i JI]-Jij-~~ ~q. 

~71 AU Jl]oj.§. ~~ A]li%(25)-f!:, Oll~ %1i'!, lti-~(Ta), -6}~-B-(Hf), f-1lti-(Ti), Fcl~lill(W), 5f--r1]-B-CRu), ~.g. o]% %-91 
-Jij-"f- i'-fi-£1f-E-i ~~~~ ~ii-.Q..~ ~_},a w "f- ~q. %71 A~l2 7ll oj:§. ~~ A]li%(27)-f!:, n~ MOS .§.i@.A]~E-191 71] 0].§. 
~~ A]li~J..i o]-§--~~ ii-4f Al]lio]JJo], Oll~ %1i'!, f-1lti-(Ti), -6}~-B-CHf), lti-1t(Ta), Fcl~Jill(W), if--r1]-B-(Ru), ~.g. .::L% ~ 
ii- .Q..~ ~_},aw "f- ~l:f-. -"J-71 ~~ ii-4f%C29)-f!:, Oll~ %\"!, E-J~lillCW), ltl-1tCTa), E-1lti-CTi), ~.g_ .::z.%9-J ~-£. EE~ 0]% 
%-.9-J 2% oj~.Q..~lf-E-1 ~~~~ --TAa~~ ~%-Bf.Q..~ ~_},aw "f- ~q, 

p~ Mos .§.i@;>;1~E-1 ~~OJ]J..i9-J %71 7JJo1.§. ~~(31).9-J 0J:qOJ]J..i9-J -"J-71 7]:>&(11) 01]~ ~~ ~Q:J(41)o1 ~Aa~~ ~l:f-. 

EE~, n~ MOS _§_i(l)_.AJ~E-1 ~Q:)OJ]J..i9-J %71 71] 01.§. ~~(32)91 °J:qOJ1J..i9-J ~71 71Jtl-(11)0Jl~ ~~ ~Q:j(42) 01 ~Aa~~ 
~ q, EE~, p~ MOS.§. i@.A]~E-1 °d Q:j OJ)J..i 91 %7] 7ll 0].§. ~ ~(31).9-J 0J:qOJ]J..i 91 %7] 71 Jtl-(11)0Jl~ ~~ ~ ~ (41)li!.q 
.£ :QJl) ~~·.:o=_tljj~ ~Q:j(43)ol ~Aa~~ ~q, .5'::~, ~7-J- ~Q:j(41).g_ ~~·.:o=_tlJ)~ ~~(43)li!.q.£ Jl)O)_§_ {1_~(31) q.Q.. 

~ 'i'!:AJ--6}.£~ ~Ad~~ ~q. EE~, n~ MOS .§.i@7-]~E-10JlJ..i ~71 Jl]oj:§. ~~(32).9-J 0J:qOJ]J..i9-J %71 7]-¥1:(11) 01]~ ~ 

~ ~~(42)li!.q.£ :Q7ll ~~·.:o=.tlll~ ~~C44)o] ~_},a~~ ~q. EE~, ~:AJ- ~~(42)-f!: ~~·.:o=.tlll~ ~Q:JC44)li!.q.£ Jllol 
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.:§.. ~~(32) ~.2....£. ~7-J-6-}S:.~ ~-"ds:l6-J ~ti-. --'<}7] :S::!:::-.1::..?1]~ ~~(43, 44) .Rli':l.oJl.C ~'C]J..}o].-.::..'4-(45, 46)o] ~-"ds:l 

6-J, :S:~·.'::..?l]~ c>J~(43, 44)% .Al-'~l""J§\--6-}.JI ~ti-. o] ~'C]A} 0].1::..'4-(45, 46)~ 44, ~ilj].£.Ai, .31~.:§. ~'C]J..}o].-.::...£. ~ 
-"d s:] 6-j ~ t1-. 

%7] ~.5:.:;11] ~~1(1)oJlJ..-11=, p~ MOS .:§.iffi7.1~s](2).9] 71] 0].:§. ~~(31) 0] ~-"ds:l1= .A111 %(22)oJlJ..-l, ~~ ii'-Jf%(29)0!] 
.9]-8-~J..i .A111 7110].:§. ~~ .A~li%(25) ~ .A112 711°].:§. ~~ .Anli%(27) 0lliJ~s:].JI, n~ MOS .:§.iffi7.]~s](3).9] 71101.:§. ~~ 
(32) 0] ~-"ds:l1= jjJ2 %C23)oJJAi.C, ~~ ii'-4f%(29)oJl .91-8-nJ..i jj12 711°1.:§. ~~ ;~n..fi.%(27) 0llil~s:l6-J ~ti- . .:::z.t::l~ . .£.. 
~~ i;'-Jf%(29)% /1111 %(22) ~ .A1]2 %(23)oJ1 \t7)S:.~ ~P}~% rrJloJl, lf..li':J.oJJ X~S'].C %%~ ~~ i;'-Jf%(29) ~ 711 
01.:§.. ~~'4-(24)0]7] rrJ]~oJl, ~l:l}~ .Jf--6Jo1 ~J.~-6-}7] 6-Jt:;j-&- -T~.£. s:]oj~t:}. EE~, ~~ ii'-Jf%(29)1i!-.9] ~P}.£. /1111% 
(22) "41-¥- ~ jj]2 %(23) "41-¥-oJl ~~ ii'-Jf%(29)% ~-"d-6-}E...£., ~t.Jl.91 ~P}/111~ o]%~ .Jl:Ad~S:.~ ~P} 7}i?-% -§-o]-6-} 
711 "5"} j]. ~ t1-. 

u:}i)-Ai, ~ ~'l'J.9j ~ ~AJ ~ E)j.9j ~S:.~J ~~1(1)7} ~l:l}~ .Jf--6]% .A-ji} ~~ tlJ-7.1-6-}li':J.Al ~P}-5"}1:::- ~ 0) 7}~~ T-"d% ~ 
.Jl ~71 rrJ]~oJl, .-:8_~-"do] -it~ 7110].:§. T-~7} ~6-JAj, .:§.iffi7.]~E1 -"d~o1 "S"J:.J<)-~ 'T ~ti-. 

~ ~'l')oj)Ai ~S:.~j ~~].9] jj1~ tlJ~.9j ~ ~AJ ~E)j.9j /1111 oj)~, S:. 2a "4)7.) S:. 2koJ] S:.Aj.{:j_ .A11~ i?-:Ad \3_-li':l_S:.%% {}~ 
-6-}0:j 0}t.Jj 7]/lht ~ 014. EE~, 7]Jtr(11)oJ] ~-"d.{l :S:7.} ~'C] c>J~. MOS .:§.iffi7.]~s]%.9] :S:~·.'::..?l]~ c>J~, ~~ ~~% 

.91 S:.A].C ;.~E"f-6-}.JI ~ti-. o1~21 J.11.Jf-J..}"S"J~ S:. 3a "4)7.] S:. 3h~ %~"5"}0:j .:f~~ti-. 

s:. 2aoJl S:.A]~ l:l}£} ~ol, 7]Jtr(ll) -"J6 ll ~-"d.{l ~~'4-(21)0!1, ;.~111 s:.~~(o1-6-} p~.2....£.Ai 7J;~nw) MOS .:§.iffi7.J~E1.91 
711°].:§. ~~o] ~-"ds:l1= jjll %(22)% ~-"d-5"}.JI, jj12 .5:.~~( 0]-6-} n~.Q...£.J..i 7]/lnw) MOS .:§.iffi7.]~E1.91 7110].:§. ~~01 

~-"ds:l-c jj12 %C23)~ ~-"a~t:t. %71 .A1ll %C22) ~ A112 %C23)~. ~%21 'Cl:S:.:::rt.JJliJ 71~.:L4 oJl~ 7J~(ojJ~ %li':l., .-.::..iJ­
oJ oJ1~)oJ] .9]-8-n ~-"d~ti-. EE~, .J<]-7] ~~'4-(21)~, oj1~ %li':l., ~§} ~'C]~'4-.2....£. ~-"d~t:f. EE~, .J<]-7] jjll %(22), .A112 
%(23), ~ 7]Jtr(ll)oJ1 ~-"ds:l1= .:§.iffi7.]~E1.91 ~~ oJ ~. :S:~·.'::..?l]~ oJ ~.91 ~-"doJl rl]-8-~-"i.C S:. 3a "4)7.] S:. 3h~ %~-6-} 
O:j .:f~ ~ t1-. 

ti-%.2....£., .J<]-71 ;~111 %(22).9] 1-flli':l. ~ --'<}7] jj]2 %(23).9] 1-flli':l.% ±W-6-}.C .J<]-7] ~~'4-(21) .J<l-oJl 711°].:§. ~~'4-(24)% ~ 
-"d~ti-. o1 711°].:§. ~~'4-(24)~. ojJ~ %li':l., ~§} {l'C]~(Si02), ~§} ~§} {l'C]~(SiON), ~:S:~ ±W-6-}1:::- -6-}E.l:f-~'Cl?ll 

oj.:§.(HfSiON), ~§}-6-}E.l:f-(Hf02), ~§} '?,}-'f-P]l:f-(Al203) %.91 ;~n..fi..£. ~-"dW 'T-7} ~t:}; O:j7]Ai, 711o].:§.. ~~'4-~. oj]~ 
%li':l., ~§} ~§} ~'C1~'4-.2....£. ~-"d-6-}.JI, .:::L '4- f-llll.C, ojJ~ %li':l., 2 nm.£. ~ti-. 

EE~, .J<]-7] 711o].:§. ~~'4-(24) .Rli':l.oJ] .J<]-7] ;~111 S:.~~ MOS .:§.iffi7.]~E-j.9j ;~111 711o1.:§. ~~ .Anli%(25)% ~-"d~ti-. .J<]-7] 
.A111 711o].:§.. ~~ .A)]li%(25)~, oj1~ %li':l., lfr~(Ta), -6-}E.l:f-(Hf), lfr~(Ta), Fjlfr(Ti), Ecl~!ill(W), .!f-F1]l:f-(Ru), ~~ o]% 
%.91 ~+ ~ff-£-¥-Sl ~Ells:l.C Wii'-.2....£. ~-"dW 'T ~ti-. O:j7]Ai ~il11.£.Ai, .A111 711°1.:§. ~~ .Anli%(25)% .!f-F11l:f-(Ru).2... 
.£. ~-"d ~.JI, .:::z. '4- ¥lll11=, 10 nm-40 nmoJ1 ~.Ad ~ti-. 

.:::L .:f. \1-7.1 .J<]-7] .A111 %(22) ~ jj12 %(23).9] 1-fl-¥-oJlli!-, P}~.:=i%(26)% ~-"d~ti-. 0] P}~.:=i%(26)~, ojJ~ %~, .A111% 
(22) ~ jj]2 %(23)% Pl1 ijJ-5"}.5:.~, ~~lli':l. oJl ?1]7.].?- E'4-% ~-"Hl- .:f. ~P}(oj]~ %li':l., CMP) ~~ 611~1 ~(etchback) %.91 
~l 'C] oJJ .9j -8-~ J..i, ~ ~ '4-(21) .J<l-.9j 0d O:j ~ ?1)7.) ~.:§_ '4-% .A11J-1 -6-}1:::- tlJ ~ _Q_.£. M-j ~ -"d W 'T ~ t:}. 

ti-%.2....£., S:. 2boJ] S:.A1~ l:l}£} ~01, p~ MOS .:§.iffi7.1~E1.9] 711°1.:§..7} ~-"ds:l.C .A111 %(22) 1-fllf-.91 P}~.:=i%(26)~ \t7] 
.Jl, n~ MOS Eiffi7.]AE-j.9j 711o]E7} ~-"ds:l1= .A112 %(23) "4]1f-oJ1 ~Jcjs:]oj ~1:::- P}A.:=i%(26)% .A~J-1~4. EE~, S:. 2b 
"4)7.) S:. 2joJ)J..i 7]Jtr(ll) lf-~.9] S:.Aj~ J.~Ej'~t:}. 

t:}%.2....£., S:. 2coJJ S:.Aj~ l:l}£} ~01, .J<)-7) P}b:::l.%(26)% oJJ~ P}~.3..£.Ai 01-§-"5"}0:j, ~Q}j(ojJ~ %li':l_, ~~)oJJ .9]-8-n ~Elj 
:3'j.Q...£. jjll 71JOJE ~~ .An..fi.%(25)% ojj~~q. oj ~.i1}, .A1ll %(22) 1-fllf-o]J P}~.3.%(26)0JliJ5§6-J 9),1:::- .A1)1 7110J.:§_ 
~~ .Anli%(25).9] .Jf-~ 0] '8-7-'l~ti-. o] ~-'f-. '8-7-'1~ jjll 711°1.:§. ~~ .Anli%(25)o] .J<]-71 ;~111 %(22).9] 7~-T-¥-.!i!..ti-S:. .A111 
%(22) 1-fl.!f-~oJl ~s:.~ oJ]~.{lti-. 

ti-%.2....£., S:. 2doJ] S:.A]~ l:l}£} ~ol, -"J-71 P}~.3.%(26)(S:.li':l. 2c %~)% .A117-1~t1-. o] .A1].7-1oJl.C %71 %P~~ o]%W 'T 
~ti-. o] ~.:L4. jjll %(22) 1-floJl.C jjll 711°].:§. ~~ ;.~n..fi.%(25) 0] .A-lll %(22).9] 7~-T-¥-.!i!..ti-S:. .A1ll %(22) "41-¥-~ 61] ~-"ds:l 

.JI, .A112 %(23) "4]1f-oJ11= 71]o].:§. ~~'4-(24)o] .X.~.{it:}. 
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4%-S!..£, .£ 2e6J) S:.J..)~ l:l}£1- ~a], ~7) fi111 -*(22) 1-JlOJ) ~7) jj)a]~ ~c:;>itq-(24) ~ ~7) fi111 jj)a]~ {i~ :A]ii.%-(25) 
~OJ],~ ~7) :A~)2 -*(23) 1-JlOJ) ~7) jj]ap~ ~c:;>itq-(24) ~OJ], :A~)2 jj)a]E {i~ :A]ii.%-(27)% ~-"'a~4. a] fi1)2 jj)a]~ {i~ 
:A]ii.%-(27)-&, n~ MOS ~~;>;)::-'::Sj.s] jj)a]~ {i~ :A]li£.Ai aJ%5'1-i=:- '6-4;'- :A]ii.a]vj, 01)~ %li1, E]~(Ti), -o}El'f(Hf), 
~~(Ta), 1'@::->::"@(W), "'f-F1)l'f(Ru), ~-& .:::z.%.£1 ~'5-S!..£ ~-"'Hl: 4- ~4. oj7).Ai :A~)2 jj)a]~ {i~ :A]ii.%-(27)-&, 01)~% 
li1, -o}El'f% a]%-o}oj, 01)~ %li1, 10 nm-40 nm.£1 t!f T-7J1l£ ~-"'a "914. 

4%S!..£, .£ 2f6J) S:.J..)~ lcl}!ij- ~a], ~7) fi111 -*(22) ~ fi1)2 -*(23).£11-Jlljl-~ u]Tfl"O}.£~ u}::->::.3.%-(28)%, 01)~ ~li1, ?1) 
;>;J ::->::~ t!f% {i~Jli10JJ -"'a t!f-oJ-oj ~-"'a ~4 . 

.::1 +, .£ 2go]J S:.J..) ~ lcl}!ij- ~a], c;>i P}( oj)~ ~li1, CMP) ~-& OJ)~)~ %.£1 :7.~ t:]OJ) .£1-o].Ai, ~ c;>i t!f(21) ~.£1 ad oj ~ P}::-'::.3. 
%-(28)% fil)~-o}oj, B;>;) :AU *(22) ~ fi])2 *(23).£11-Jlljl-OJ)l{} ~7) P}::-'::.3.%-(28)% \fZ14. 

4%S!..£, .£ 2h6J) .5:_J..)~ lclf£1- ~a1, ~7) Pf::-'::.3.%-(28)% OJ)~ Pf::-'::.3_£_}.l a]%"0}-oj, <;>)'Q)j(oj)~ %li1, ~{})OJ) .£1-5] ~~ 
~..Q.£ fi1)2 jj)a]~ {i~ :A]li%-(27)% 61)~~4. a] ~3!}, :AU -*(22) 1-Jllf-OJ) P}::-'::.3.%-(28)61) .£1-o] li]~s:]~ ~~ 4'-~.£1 
/\~)2 jj)a]~ {i~ :A])li%-(27) ~ :A~)2 ~(23) l.jjl]LOJ) P}::-'::.3.%-(28)61) .£1-o] li]~s:]~ ~-\=:- Jf-~.£1 /\~)2 jj]a].:§. {i~ :A]li%­
(27)a] \!-71~4. a] 78-9-, \!-71~ :A~)2 jj]a]~ {i~ :A]li%-(27)a] ~7) :AU ~(22) ~ :A~)2 ~(23).£1 Zf 7]-Tlf-.!2..4.£ :AU 
~(22) ~ fi1)2 ~(23).£1 Zj-1-Jllf-~OJ) ~.£~ OJ)~s:]~ ~a] :W..R~ ~a]4. 

4%-S!..£, .£ 2ioJ] S:.J..)~ lcl}!ij- ~a], ~7) P}::-'::.3.%-(28)(.£li1 2h %3':)-@- fillzHl4. a] filmOJl~ il-71 %u~~ a]%~ 4- ~ 
4. a] ~3!}, fi111 ~(22) 1-JlOJ)~ fi111 jj)a]~ {i~ :A~ii.%-(25) ~ fi1)2 jj]a].:§. {i~ :A~li%-(27)a] fil]l ~(22).£1 7]-Tlf-.!2..4.£ 
:AU ~(22) 1-Jl-¥-~OJJ ~-"'as:l.JI, )\~12 ~(23) 1-Jl-¥-OJJ~ fill2 flJaJ~ {i~ :A~li%-(27)aJ )\~12 ~(23).£1 7~-T-¥-.!2..4.£ fill2 * 
(23) 1-Jl-¥-~OJJ ~-"'a-'84. 

4%-S!..£, .£ 2j6J) S:.J..)~ lcl}!ij- ~a], ~7) fi111 ~(22), :A~)2 ~(23).£11-Jl-¥-~ u~Tfl"O}.£~ ~7) ~c;>it!f(21) ~.£1 ~7) jj)a]~ 
~c;>it!f(24) ~OJ) {i~ '6-4;'-%-(29)% -"'at!f~4. a] {i~ '6-4;'-%-(29)-&, oj)~ ~li1. Ej::->::"@(W), ~~(Ta), Ej~(Ti), ~-& .::1 

%~'if. !f.~ a]% %-.2-1 2~ a]~S!..£4'-Ei ~~5'1~ ~%-t!fS!..£ ~-"'a~ 4- ~4. oj7).Ai ~i!1)£J..i, Ej::->::"@(W)% a]%~ 
4 . .::1 ~3!}, ~7) fi111 ~(22) 1-JlOJ).Ai ~7) :AU jj)a].:§. {i~ :A~ii.%-(25) ~ ~7) /\~)2 jj)a]~ {i~ :A]li%-(27)% ~7) {i~ 
'6-4;'-%-(29)S!..£ li]~"O}.Jl, ~7) :A~)2 ~(23) 1-JlOJ).Ai ~7) fi1)2 jj)a]~ {i~ :A~ii.%-(27)% ~7) {i~ '6-4;'-%-(29)S!..£ li]~~ 

4. 

4%-S!..£, .£ 2k0l) S:.J..)~ lcl}-?}- ~a], c;>iP} 7)~(oj)~ %li1, CMP)OJ) .ij-o~.Ai -"'J-7) {i~ '6-4;'-%-(29)% c;>iP} :A~)~-o}oj, t:!;>;) 
~7) :AU ~(22) ~ fi1)2 ~(23).ijl.Jllf-ol)l{} ;g_~ '6-4;'-%-(29)% \!-Zl4. a]£1- ~a] "O}oj, fi111 -*(22).ijl.jjl]LOJ], jj)a]~ ~c;>i 
t!f(24) ~OJ) :AU J11a] E ;g_~ :A~li%-(25), fi1)2 l11°) E {i~ :A]ii.%-(27), ~ {i~ '6-4;'-%-(29)S!..£ a]-'f-~;>;)~ p~ MOS E 
~;>;)::-'::Ei.il J11a]~ {i~(31)a] ~-"'as:l.JI, fill2 ~(23).ijl.Jll]LOJ), 711a].:§. ~c:;>itq-(24) ~OJ) .A~)2 J11a].:§. ;g~ :A~ii.%-(27) ~ 
;g_~ '6-4;'-%-(29)S!..£ a] if-~;>;)~ n~ MOS ~~:;:>;)::-'::Ei.£1 711a].:§. {i~(32)a] ~-"'as:1~4. 

~7) :A~)3': t1J~OJ).Ai~. ~7) P}::-'::.3.%-(26, 28)% OJ)~ P}::-'::.3.£.Ai a]%-o}oj fi111 711a].:§. ;g_~ :A]ii.%-(25) ~ :A~)2 711a]~ ;g_ 
~ :A]li%-(27).il 61)~611, ~{}, .::1 §]-~%, ~l: §]-~%%OJ)~ §l-"§f%fil)£.Ai a]%-o}oj 4-<>~~ 4- ~4. !f.~ §l-"§f%:A~)~ .A} 
%"0}~ OJ)~ J:]j~oJ], ..t::..c}a] OJ)~OJl .£1-o~ <>H;l_- "f'-.5:. ~4. a] 78-9-, ~l:ll) OJ)~ 7}::-'::~ a]%~ 4- ~4. 

!f.~, ~7) {i~ ';5-4;'-%-(29).ij 7}ii'-~. CMP J:]j~OJl, ..t::..c}a] 611~ 61) 7)3;:-o}oj ;g~)li16Jl OJl~l~OJ) .ij-o~ <>~-o}~ ~.£ 7}~-o}-

4. a] 78-9-, ~l:lll OJ)~ 7}-::-'::~ a]%~ 4- ~4. 

~7)1fr.£~1l ~~l.il fillS. t1J~oJJ.Ai~ • .AU S:.{i~(p~) MOS ~~;>;)::->::si.ij 711a]~7} ~-"'as:l~ :A~11 ~(22)611 {i~ '6-4;'-%­
(29)61) _ij-oJl.Ai :A~11 711a]~ {i~ :A~li%-(25) ~ :A~)2 711a]~ {i~ :A]li%-(27)% li]~-o}-.JI, :A~)2 s:_;g_~ MOS ~~:;:>;)::-'::Ei.£1 711 
a]~7} ~-"'as:l-i=:- )\~12 ~(23)61) {i~ '6-4;'-%-(29)61) .ij-o~.Ai )\~12 711a].:§. {i~ :A~ii.%-(27)% li1~~4 . .::lciE..£, ;g_~ '6-4;'-%­
(29)% fi111 ~(22) ~ :A~)2 ~(23)61) \!-7).£~ c:;>iP}-"§1% trJ16Jl, lEli16Jl ~::~-5'1-i=:- %-%~ {i~ '6-4;'-%-(29) ~ 711a]~ ~c;>it!f 
(24)a] -'84. u:}-c}.Ai, ~lcl}-l:j -¥-~~ ~J,~"0}-7] ~ lf!4. !f.~, ;g_~ '6-4;'-%-(29)1{}.£1 c;>iP}£ fi111 ~(22) t.ll-¥- ~ fill2 ~(23) 
1-Jl-¥-OJl {i~ '6-4;'-%-(29)% ~-"'a"O}E..£, ~?Jl.il c;>iP}:A~l~ a]%-o}oj .Jl:Aj~.£~ c;>iP} 7}-*al %a]-o}J11 {l~-'84 . 

.::lei E..£, ~l:lfl:j Jf-~% .Ai{f ~~ t1J;>;)"O}-li1.Al c:;>iP}-"0}~ ~a) 7f~'5];>;).Jl, ~~j.Aj a) 3f~ 711 a)~ T3':~ ~% "f'- ~7) nf1 
-R-OJL 4-~% <>-J:~J..l~ 4- ~.Jl, .:§_~;>;J::->::si -"'a~.£1 <>-J:~% s:..£~ 4- ~4. 
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-t,I-1R~-&1 10-2006-0129959 

r::}% 0 ~. %7) :A1)1 J-(22), :A1]2 {-(23), p~ MOS <=~7-).6F-l£-1 J::.6..:~=-10ll'{} OCJQ:j, n~ MOS <=~7-)Af-19l J::_.->-..cj;j)'{]_ 
OCJQ:j %9l ~;_a BJ~9l ~~1% 5:. 3a l-117-1 5:. 3h 0l) S:.J-1-B :A113:: -t,I-:A.:] \!-\'l..£011 9lZ>UA-1 -i-l.~~C\- . 

.£ 3a011 S:.J-1~ l:l}$>} ifo), J::;:<,} ~cj9l ~.A<] 71~% o1%-t}O:j, oJ1% %\'!, STI(Shallow Trench Isolation) 7)~% 0)%-t} 
O:j, 7) %(11)9l Jf. \'l_ OCl Q:j Dll, pMOS :§. ~7-).6 f-19l ~ .A.:J OCl Q:j 3!} nMOS :§. ~7-).6 F-19l ~.A<] OCl Q:j% "'i ~ ~cj -5}1=:- J::7-} ~cj 
OCJQ:j(12)% ~.A.:J~C\-. 

C\-%_2_.~, .£ 3b 0 l) S:.J-)~ l:l}$>} ifo), %7) 7)%(11) Jf.\'!01) 7J)o):§_ ::@.~B{-(13)% ~.A.:J~C\-. o) 7J)o):§_ ::@.~B{-(13)~, oJ)% 
%\'!, ]£\'! {]_-~ 71~% o)%-t}O:j, {]_-~ {)_cj~B{-_2_.~ 5 nm9l -'f-7!])~ ~.A.:JW: 4- ~C\-. C\-%_2_.~, 7J)o):§_ ::@.~B{-(13) % 0 1) 
LiPlCdummy) 7J)o):§.% ~.A.:]-5}7] --'?-1~. oJl% %\'!, ~cj{)_cj~B{-% .A.:JB{--5-}0:j, .!£~ ~~ {)_cj~B{-% ~.A.:J~C\-. %7] ~cj 
{).cj~B{-~ 100 nm9l ¥7!ll~. %7] ~~ {)_cj~B{-~ 50 nm9l ¥7!ll~ ~-'8~C\-. ::I-f=-, -*%9l cjJ::::I?ljiL] 7]~ ~ RIE 7] 
~% 0)%-t}O:j, %7) ~~ {)_'Cj~Bf ~ ~cj{)_'Cj~Bf% :ll]1~~-t}O:j L-jP) 7J)o1E(14, 15)% ~.A.:J~C\-. 

C\-%_2_.~, 5:. 3c01) S:.J-)~ l:l}$>} ifo), oJl% %\'!, p~ MOS :§.illl7-).6F-1 OCJQ:j%, oJl% %-\'!, JOl)7-).6:§.~ P}.6.3.t}.Jl, o)~ 4-
~ 71~% o)%-t}O:j, n~ MOS :§.~7-).6F-1 OCJQ:jD1Vl9l %7) LiP) 7l) 01:§.(15)9l 0J:~9l %7) 7)Jtl:(11)Dll -~PJ OCJQ:j(42)% 
~.A.:J~C\-. ::I-f=-, %7) P}.6.3.% :A1)7-1~ -f=-, n~ MOS :§.~7-).6F-1 OCJQ:j%, oJl% %-\'!, JOl)7-).6:§.~ P}.6.3.-t}.Jl, o)~ 4-~ 7) 
~% 0)%-t}O:j, p~ MOS :§_~7-).6F-1 oa Q:j011"'i9l %7) LiP) 7J)o):§.(14)9l 0J:~9l %7) 7)%(11)011 ~~ oa Q:j(41)% ~.A<] 
~C\-. :J__ -=f. P}.6.3.% :A1)7-1~C\-. %71 ~~ oa Q:j(41, 42)~ Dl-'==- ~% l?iAi ~.A.:]-5-}0:j.£ BC\-. 

C\-%_2_.~, _£ 3d01) __s:_;,J~ l:l}$>} ifo), oJl% %\'!, p~ MOS :§_~7-).6F-1 oa Q:j%, oJ)% %-\'!, j;j)7-).6:§.~ P}.6.3.-t}.Jl, o)~ 
4-~ 71~% o)%-t}O:j, n~ MOS.:§.~7-1.6F-1 OCJQ:jo])J-i9l %7) L-jP) 7J)o1:§.(15)9l 0J:~9l %7) 7)%(11)01) %7) ~~ OCJQ:j 
(42)li!.C\-S:. it7l) J::.6·~10l1'{} OCJQ:j(44)% ~.A.:J~C\- . .!£~, J::.6·~10l1'{} OCJQ:j(44)~. ~~ OCJQ:j(42)0) J::~·~JOl)'{]_ OCJQ:j(44) 
li!.C\-5:. LiP) 7J)o1:§.(15) ~_2_.~ ~~-5}5:.~ ~.A.:J~C\-. ::I _:f, %71 P}~.3.% jj)7-]~ _:f, n~ MOS :§.illl7-).6F-i 0CJ Q:j%, oJ1% 
%-\'!, j;j)7-).6:§.~ P}.6.3.-t}JI, o)~ 4-~ 7)~% 01%-t}O:j, p~ MOS :§.illl7-1.6F-i oa Q:jalJAi9l %71 LiP) 7J)o):§.(14)9l OJ:~ 
9l %7) 7)%(11)01) %71 ~~ OCJQ:j(41)li!.C\-S:. it7l) J::.6·~10ll'{} OCJQ:j(43)% ~.A.:J~C\- . .!£~, J::.6·~10l1'{} OCJQ:j(43)~. ~ 
:AJ q:jQ:j(41)0) J::.6·~JOl1'{} OCJQ:j(43)li!_q.£ LiP) 7J)o):§.(14)~_2_.~ ~~-5}.£~ ~.A.:J~C\-. ::I _:f, P}.6.3.% jj)7-]~q. %7) 

J::.6·~j;j)'{]_ OCJQ:j(43, 44)~ Dl-'==- ~% l?iAi ~.A.:J-t}O:j.£ BC\-. 

C\-%_2_.~, %7) J::.6·~10l)'{} OCJQ:j(43, 44) Jf.\'!011 {)_cjJ-}o)~B{-(45, 46)% ~.A.:J~C\-. o) {)_cjJ-}o1~B{-(45, 46)~, -*.AJ9l 
{).cjJ-}o)~ ~~;,1)~01) 9lZ>RJ-i ~.A.:JW: 4-7} ~.Jl, O:j7)-Ai, ~il'l1~"'i 51~:§. {)_cjJ-} 0)~~ ~.A.:J~C\-. 

C\-%_2_.~ ,.£ 3e01) __s:_;,J~ l:l}$>} ifo), %7) L-jP) 7J)o):§.(14, 15)li!.C\-.£ 3't7l) .!£~ IL]~-t}S:.~, %7) 7)Jtl:(11) %011 ::@.~Bf 
(21)% ~.A.:J~C\-. o) ::@.~B{-(21)~. oJ1% %\'!, ~~?9 %:3]-(chemical vapor deposition;CVD) 7)~% o)%-t}O:j, {}~ {)_ 
Cl~% ~ 300 nm :A.:J.£9l ¥7!ll~ ~.A.:J~C\-. 

C\-%_2_.~, 5:. 3£01) S:.J-1~ l:l}$>} ifo), oJ)% %-\'!, CMP 7)~% 0 )%-t}O:j, %71 ::@.~B{-(21) Jf.\'l.% ~ltJ:-~-5-}JI, %7) L-jP) 7l) 
0):§.(14, 15) %-¥-9l ~~ {)_cj~B{-% -X_~J-171711 ~C\-. 

C\-%_2_.~, .£ 3g011 S:.J-)~ l:l}$>} ifo), %7) ~~ {)_cj~B{-% ~1'ljz,j_2_.~ :A1)7-1~C\-. o1 ;;(!)7-1 7}-t,I-~, '{}{l-Oll 9l~ 01)~% o) 
%~C\- . .!£~,LiP) 7J)o):§.(14, 15)(S:.\'l_ 3£ {}3::)9l ~cj{)_cj~B{-%, oJ)% %-\'!, lfr%.A.:J 0)~ Dl)~(reactive ion 
etching;RIE) 7)~% o)%-t}O:j :A117-1~C\-. o1 ~3!}, ~~B{-(21)011 :Al)l J-(22) ~ :A112 J-(23) 0 1 ~.A.:JBC\-. 

C\-%_2_.~, .£ 3h011 S:.J-1~ l:l}$>} ifo), %7) :Al)l J-(22) ~ :A112 J-(23)9ll:l}"\f-¥-Dl1 ~.A.:J:s:]Oi ~1=:- 711°1:§. ::@.~B{-(13)(S:. 3b 
{}3::)% :A117-1~C\-. o) ;;(!17-1 7}-t,I-~ ~{1-711 011~%% oJ%~C\-. o1 ~3!}, ~~B{-(21)011 p~ MOS :§.~7-)~F-19l 711°1:§.7} ~ 
.A.:J:s:]1=:- :Al)l .:g:.(22)$>} n~ MOS :§.~7-1.6F-19l 7J1o):§.7} ~.A.:J:s:]1=:- ;;(!12 .:g:.(23)o1 ~.A.:J:s:]~C\-. 

s:. 4011 5:."'1 ~ l:l}$>} ifo), 71 %(11)0111=:-, J::7-} ~cj OCl Q:j (12)011 9l Z>R "'i ~ ~cj :5'11=:- %Fl1~. jj)l S:.~ ~ (p ~) MOS :§. ~7-1 
.6f-1(5)$>} jj)l S:.~~3!}1=:- Q:j.£~~9l :A112 S:.~~(n~) MOS :§.illl7-1.6F-1(6)7} ~.A.:J:s:]Oi, lfr.£~11 :AJ-~](1)% -T-.A.:Jt}JI ~ 
C\-. %71 71%(11) %011 ~.A.:JB ~~B{-(21)0111=:- :A1)1 J-(22)o) ~.A.:]:s:]JI, o1 :Al)l J-(22) l-11°11 p~ MOS :§.~7-).6F-1(2)9l 7l) 
o1:§. ~~(31)o1 ~.A.:J:s:]Oi ~C\-. .!£~ %71 ~~B{-(21)0111=:- ;;(!12 J-(23)o1 ~.A.:]:s:]JI, o1 ;;(!12 __:g:.(23) l-11011 n~ MOS :§.illl7-1 
.6f-1(3)9l 7J1o1:§. ~~(32)o) ~.A.:J:s:]Oi ~C\-. 
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.::g-7~~<51 10-2006-0129959 

~71 .A1ll *-C22) l-JloJ1~. 11101.:§. ~~~C24) ~011. .A1ll s:.~i§ Mos .:§.iffi.A1~E--191 Au 711°1.:§. ~~ A~li%-(25)-'4, A112 s:. 
~i§ MOS .:§.i\R.A1~F-i91 A112 111o1."§. ~~ A~li%-(27)-'4, ~~ ii-4f%-(29)o1 i§--".::J:s:]~, ~71 71101."§. ~~(31)% -T--".::J-5}.JL 
'U4. ~71 Au 71101.:§. ~~ ,A~.fi.%-(25)..fi:- .A112 711°1."§. ~~ A~li%-(27)oJ1 91%~ Au *(22) 1-jjoJ]A-jll]~:s:j~ 'U4. 

~71 A112 *-C23) l-JloJ1~. 71101.:§. ~~~(24) ~611, .A112 S:.~i§ MOS .:§.iffi.A1~E--191 A112 711°1.:§. ~~ A~li%-(27)-'4, ~~ ii-
4f%-(29)01 i§--".::l:s:]~, 71101."§. ~~(32)% -T--".::l-5}.Jl 'U4. 

~71 AU 111o1."§. ~~ ,A~.fi.%-(25)..fi:-, D11~ %~, ltf~(Ta), -5}_:>!1f(Hf), f-llt}(Ti), FS~Till(W), 5f-E111f(Ru), ~.g. o1% %-91 
~4- %fi-£-!f-F-i ~ €!J:s:]~ ~ii-..Q..£ i§--"H[ 4- 'U4. ~71 .A112 711 °1.:§. ~~ ,A~.fi.%-(27)..f!:-, ni§ MOS ."§.iffi.A1~F-i91 7J1o1.:§. 
~~ ,A~.fi.£J.1 o1%:s:]~ ii-4f ,A~li 01vl, D11~ %~, f-llt}(Ti), -5}_:>!1f(Hf), ltf~(Ta), FS~Till(W), 5f-E111:r(Ru), ~.g. .:::L%91 
~ii-..Q..£ i§--".::l~ 4- 'U4. ~71 ~~ ii-4f%-(29)..fi:-, D11~ %1i'1, FS~Till(W), ltf~(Ta), f-llt}(Ti), ~.g. .:::L%91 ~ii-, !E.~ o1 
%%-91 2'% 01~_<;>_£-!f-E--1 ~€!j:s:]~ 31%-~..Q..£ i§--".::l~ 4- 'U4. 

!E.~, pi§ MOS .:§.iffi.A1~F-i oa QojoJlJ·1 ~71 71101."§. ~~(31)91 °J:~91 ~71 71%(11)611~ ~.7.J oa Qoj(41)01 i§--".::l:s:] ~ 'U4. 
!E.~, ni§ MOS .:§.iffi.A1~F-i o,3Qoj611J.191 ~71 711°1."§. ~~(32)91 °J:~91 ~71 71%(11)611~ ~.:?}- o,3Qoj(42) 01 i§--".::l:s:]~ 'U 
4. !E.~, pi§ MOS ."§.iffi.A1~F-i o,3Qoj61]A1 ~71 711°1."§. ~~(31)91 °J:~91 ~71 71%(11)611~ ~.7.J o,3Qoj(41).!i!..4S:. :Q711 ::t: 
~·~t11'il o,3Qoj(43)01 i§--".::l:s:]~ 'U4. 2£.~, ~.7.J o,3Qoj(41)..fi:- ::t:~·~t11'il o,3Qoj(43).!i!..4S:. 711°1."§. ~~(31)~_<;>__£ ~-1}-:s:] 
S:.~ i§--".::l:s:]~ 'U4. !E.~, ni§ MOS ."§.iffi.A1~F-i o,3Qoj611J.191 ~71 711°1.:§. ~~(32)91 °J:~91 ~71 71%(11)611~ ~~ o,3Qoj 
(42).!i!..4£ :QJl1 ::t:_b~tJ1'i} o,3Qoj(44)01 i§--"j:s:j~ 'U4. !f.~,~.:?}- 08Qoj(42)..fi:- ::t:_~·~tJ1'i} o,3Qoj(44).!i!..4£ Jl1°1."§. ~~ 
(32)~_<;>__£ ~-1}-:s:]S:.~ i§--".::l:s:]~ 'U4. ~71 ::t:~·~t11'il OdQoj(43, 44) .R~611~ ~t:1J.}o1~~(45, 46)o1 i§--".::l:s:]~, ::t:~· 

~tJ1'{} o,3Qoj(43, 44)% -Ai-AFJ:§:l--5}.Jl 'U4. o1 ~t:1J.}o1~~(45, 46)~, ~il11£J.1 51~.:§. ~t:1J.}o1~£ i§--".::l:s:]~ 'U4. 

~71 71A~B 1&£~1 .7.J:>:1(4)61]A1~, pi§ MOS .:§.iffi.A1~F-l(2)91 711°1."§. ~~(31)o] i§--".::l:s:]~ .A1ll *-C22)oJ1J.1, A112 711°1.:§. 
~~ A~li%-(27)611 91%~J.1 .A1ll 7J1o1.:§. ~~ A~li%-(25) 01ll]~B4 . .:::Lcl:!:!.£, ~~ ii-4f%-(29)% .A1ll %(22) ~ A112% 
(23)611 \}71£~ ~P}~% u1161l, .R~611 .X.~:s:]~ %-%..f!:- ~~ ii-4f%-(290, A112 71101."§. ~~ A~li%-(27), ~ 7J1o1."§. ~~ 
~(24)o1 :84. o19} ~ol, %i!ll 71~.!i!..4S:. ~P} "'1611 .R~611 .X.~:s:]~ ii-4f%-91 %fi- 'T-7} -AH}:s:]E-.5'.., 7,£l:l}'==] -!f-.61o1 ~ 
Jo~-.5}71 ~?;j,'t- -T-5:£ :s']~'U4. !f.~,~~ ii-4f%-(29) ~ ;(112 71101."§. ~~ ,A~.fi.%-(27)91 ~P}£ ;(J]l %(22) 1-jjlf- ~ Al12 
%(23) l-jj-!f-oJ1 ~~ ii-4f%-(29)% i§--".::J-.5}~ ~o1 7}~~ -T-5:0171 Jr11~61l, %i!ll91 ~P}A11~ o1%~ .JL.7.j~S:.'i} ~P} 7}-=g­
% -§-o1i5}711 i5}.Jl 'U4. 

u:j-ij-J-1, ~ ~tgl911fl-£~1 .:?}-.:>:](4)~, 7,l"l:l}'==J -¥-.61% -Ai~ ~~ BJ.A1i5}J.i'1J.1 'i"l_P}i5}c ~ 01 7}~~ T--".::l% ~.Jl 'U71 Jr11~ 

o]l, --8.5!)--".::Jo1 3'f..f!:- 71101."§. -T-5:7} 'f!~.A1.Jl, ."§.iffi.A1~F-i --".::l~91 "B'J:~% S:..£~ 4- 'U4. 

4%..Q..£, ~ ~'151911&£~1 .:?J-.:>:191 .A115: BJ-~91 ~71 ~"'1 i§EJ191 .A112 D11~. S:. 5a l-Jl.A1 S:. 5c611 S:.J.1!fl A115: i,'-.7.j \:1-~S:. 
%% {}5:-.5}0:] 1!'151~4. 

s:. 5a611 £).1~ l:l}£} ~ol, ~71 Au D119f P}{}7}.A1£-5}0:j, 01"8"}91 _3!._£;.~1~~ "6~~4. ~. 71%(11) ~611 i§--".::lB ~'i"l_~ 
(21)611, AH S:.~i§(o1-.s-} pi§..Q..£J.1 71AH}) MOS ."§.iffi.A1~f--l91 7J1o1."§. ~~o1 i§--".::J:s:]~ .A1ll %(22)% i§--"j-5}.JL, ;(J12 S:.. 
~i§(o1-.s-} ni§..Q..£J.1 71A~W) MOS ."§.iffi.A1~F-i91 711°1."§. ~~01 i§--".::J:s:]~ A~12 %(23)% i§--".::l~4. ~71 ;(Jll %(22) ~ A11 
2 %(23)~, ~~91 t:1::t:.:::Li!1ll1 71~-'4 611~ 71~CD11~ %~, ~c}o1 °11~)611 91%~ i§--".::l~4. !E.~, ~71 ~~~(21)..fi:-, D11 
~ %1i'1, {}:§:} ~t:l~~_Q_£ i§--".::l~4. 

4%..Q..£, ~71 Alll %(22)911-jj~ ~ ~71 A112 %(23)911-jj~% YW-.5}~ ~71 ~'i"l_~(21) .AJ-611 711°1."§. ~'i"l_~(24)% i§ 
--".::l ~4. o1 711 01."§. ~ ~ ~(24)..f!:-, D11~ %~, {}:§:} ~ t:1 ~(Si02), ~:§:} {}:§:} ~ t:1 ~(SiON), ~::t:_~ ..¥.. W-.5}~ -5}_:>!l:f~ <:1711 
01."§.(HfSiON), {}:§:}i5}_:>!1f(Hf02), {}:§:} ~if-P11f(Al203) %91 A~li£ i§--".::J~ 'T-7} 'U4; 0:]71J.1 711°1."§. ~'i"l_~(24)..fi:-, 
D11~ %~, ~:§:]- {}:§:} ~t:l~~..Q..£ i§--"j-5}.JL, .:::1. ~ -'f-71]1~ 2 nm..Q..£ ~4. 

4%..Q..£, AU %C22)91l-Jll.i'1611 .AJ-71 11101."§. ~'i'!~C24) ~611 ~71 A111 s:.~i§ MOS ."§.iffi.A1~F-i91 .A1ll 711°1."§. ~'=t Al1li 
%-(25)% i§--".::J~4. o1 7d-9-, .A1ll 7J101."§. ~~ ,A~.fi.%-(25)..fi:- A1]1 %(22)91 7~-Tlf-.!i!..4S:..l-Jllf-~611 i§--".::J!fl4. ~71 AU 711 
o1."§. ~~ A~li%-(25)..fi:-, D11~ %~, lt}~(Ta), -5}_:>!1f(Hf), ltf~(Ta), FS~Till(W), 5f-E111:r(Ru), ~.g. o1% %-.9.1 ~9 %fi­
£-¥-E--l ~ €!j:s:]~ ~ii-..Q..£ i§.J2~ 4- 'U4. O:j7]A1~ ~ il11£J.i, .A1ll 7J1o1.:§. ~~ A~li%-(25)% 5f-E111:rCRu)~..Q..£ "d--".::l~ 

.Jl, .:::1. ~ -'f-71]1~ 10 nm-40 nm0 111l_;;z..::J ~4. 
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'-blo%::tldB. f;::.,'t- 'E[tl::' ll\{3-b ~l~fo to~-frt fy~ to% l:ofo IO 
[li!::i:·Y'"Y lot3Y'['>::"f&3 sow ~u 'l:ofo IQ[li!::i:·Y'"Y lot3Y'['>::lfu3 sow ~d ·~ Z[tl::' '(tpua.Jl)~ Tl~ ~qs :s- l""ltt BS :s-

'-blo%::tldB. f;::-& 'E[~ lft{3-b ~lto Tltl::' tolt=t~ [yfy fo to~-frt 'E[~ toln~ [tl:"::l{tt kllo[h{ft -it ~2!Z ::1 ['>::ij-t BZ ::1 

'-blo::t{d.f-t ~Y-& t-z~~L lft{::l-[1. ~[to HI::' tolt=t~ [yfy fo tol~-fz: [lt':S:{tt tolh-fft -if ~1 ::1 

t?:t R- ~fi{Z to fit :5:" 

·.p~~~~~fy~~~~~~~~~~~%~·~~~ 
'lw2o%1!3.i:-Y %~~.g. -i=-"R ~~1I~I::' -i=-[>2 3lolli Zl~ ~:S:['>::tot-z {L{~l&"R to-f2: %~~.g. B:~:It[lo[Y {ag, '%:fi ·.p 
~ ~ .:m.f'l::t %-t'Y=t~ to~~y t3Y'['>::lfu3 %:fi 'K~ ~ (7;[Y-t'Y:fu. %~~ 'K~ ~ %~ ~'E-& 3[o[[i ~~ [o ~y~[Y '2C1 
o~ tof-t 2o~Y-& %~{L lo~ ~-b%{ag, 1:-Yld{.<?-['>::-frt ~~ -t'Ztz- %~* ~{t=t~ ·~~-frt 'E[tl::' tol~-& [tl:":S:{tt tolh-Nt -it 

·.p~ ~ .:m.f'l:s: %-t'Y:fu. to~~Y f.lY'['>::[&3 'K~ ~ %~ ~'E-& 3[o[[i ~~ 
[o~y[2[Y '[[o-if[ln [L~ K{Z %~Y-& %~{L [o~ ~{.g{ug, ty{d~['>::-frt ~~ -t'Ztz- %~* ~{t=t~ '~[~-t~ [tl:"::l{ft [o[h{ft -if 

1zr ~ to [h {ft 

'f_:t% to tof-t%3! [lo[h{ft -if~~;::~ ~~1ft -5f'l ~~~ [lolft l=z% to(&~ to[&~-&[¥: 2rtt'2r 'K[5 
[of;: ~~to [lo[&~-&&- B:*li ~[&~ lolh-fft -if ·.p~-fg ~['>::[5%[~ [lo%-t~{y*[tY lo%[13. ~ [yfy W:g:-:fo B:~-t'Y ~[h{ft -if 

·.p~ ~ fr[Y-t'Y:f'.@. %~~y f-_l.Y'['>::lfu3 'K~ ~ fr[Y-t'Y:fu. %~~ '2rtt'2 
r ·.p~ ~ %~ ~'E-& 3[o lli ~~ [o ~Y~LY 'K['>::[l.g.~{L [o ~ ~{.g{uj;6 1:-Yld{.<?-['>::-frt ~~ -t'Z~ %~* ~{t=t~ '2C1t'2r 

·.p~ ~.:m.FY~ lo~ ~{.g[z--frt ~ 

~ -t'Ztz- %~* ~{t=t~ 'lw2o%/!3.i:-Y %(6Z)~~.g. -2-1-Z ~(LZ)~1I~I::' -2-1-Z 3[olli Zl~ ·~:s:l""tot-z {L{~[&f>}: to-f2:~ ~ 
.g. ~l:s:~:It [lo[Y {r:1g, '%'£ '-bB:l'@fy [li~[o% [o-&{L {uj;6 IQ:S:fnf;::K [:o{.g-§-[o ~[tl::'{uj;6 l:ofl2% '[lo-ifl!n [L~~{L [o 
~ ~~~Y~ %(LZ)~1I~I::' -2-1-Z 3[o[li Z[tl::' j1i (6Z)~~.g. -2-1-Z llo*ltt (8Z)~ Zl~ j1i *ltt (ZZ)~ 1[~ 2{uj;6 toCLZ)~1I 

~1::' -2-f>i: 3[o[li Z[tl::' j1i (6Z)~~.g. -2-f>i: '%:fi '-bB: [li~to [L~~Y-{ft ~-b1l~[L fl2% ~~· ~{t=t~ '1:-Y-J:ctn '-bB: [o(f'Z) 
{ag,~ 3[olli j1i '(LZ)~1I~I::' -i=-[>2 3[olli Z[tl::' '(6Z)~~.g. -i=-[>2 ~%~ ~[5~-='1:" [lold1f '[lol!n %1iHu"R> ~::l[L{\ [lo(8Z) 
~ Z[tl::' j1i (ZZ)~ 1[~ %(6Z)~~.g. -2-"[>2 '2C1t"2r '-b%if[1I %(9Z)~1I[ll::' -2-1-Z 3[o[li 1[~ k~~to [lo(LZ)~1I~I::' -2-"[>2 3 

[o[li Z[tl::' 'k[lo(ZZ)~ HI::' ~[5~y~ {L3[o[li to"t3Y'['>::lfu3 SOW (~d)~f>}::S: Tl~ '~kllo~-frt 'E[tl::' tol~-& [lt':S:{tt [L-t'Y 

'-b8S[5~y~ [o(ZS)-2-"[>2 3lolli tof-1Y'['>::lfu3 SOW ~u ~~to-,!,lo 2o(6Z)~~.g. 
-2-1-Z '(LZ)~1I~I::' -i=-[>2 3[olli Z[tl::' llo-t'Y (f7Z){aj;6~ 3[olli 'llo*ltt [o(SZ)~ Z[tl::' 'K[sfy~ [o(TS)-i=-"[>2 3[olli lot3Y'['>:: 
!ili3 SOW ~d ~l""to-,!,lo 2o(6Z)~~.g. -i=-1-Z j1i '(LZ)~2[(1::' -i=-1-Z 3[o[li Z[tl::' '(9Z)~1I~I::' -i=-[>2 3[o[li 1[~ [loi?< (f'Z) 
{ag,~ 3[olli 'llo*ltt toCZZ)~ T[tl::' '[:o{.g [o{Z {o[o '-bll-t\ %(6Z)~~.g. -2-1-Z -lidlo*ltt [o(SZ)~ Z[~ l1i (ZZ)~ Tl~ 

[L-t'Y '[:o{.gft':[tl::' {uj;6 %(6Z)~~_g. -f=-"[>2 [L-t'Y ty~~to [lo(dWJ '{d.§: ~[lo)~[L {uj;6 '[o{Z {o{t=t %[Y:S: [[o::l9 :5: '2o%-b 

'-b'ti*%lo %CM.)If.iY'f;l 'k2l~ fo ~i:Y[L[:o ·.p~ ~ :m.~Y~ 2o 
-ta~t-z ~l:s:/@i:-Y t3*2o-t'Ylo %Z to~ %lo ~:ti ·.g.~ to%r ~~ '(!l)Bt[-3. '(Bl)~Bt '(M.)If.iY'f;l '{d.§: ~lto '~(6Z) 
-,?~.g. -i=-1-Z [o '-b%{a~y %(62)-,?~.g. -i=-"R [lo[& to% (LZ)-,?1I~I::' -i=-1-Z 3[olli Zl~ '(vZH'aj;6~ 3[olli lL-t'Y llo-t'Y (TZ) 
{ag,~ [L-t'Y '2o~-frt ~~ ~::1{.<?-~~n ~*ltt toCSZ)~ Z[tl::' l1i (ZZ)~ H)::' [L-t'Y 'lo.fZ {o{t=t %[Y::t [loqg :s: '2o%-b 

·.p~ tolsitlrr ~~ 
l:o [lo(LZ)~2~1::' -2-f>i: 3[o[[i Z[tl::' [Li?< :S:tot-z ~(9Z)-,?1I~I::' -2-f>i: 3[o[li T[tl::' [L-t'Y 'i:Y[lo[tt (ZZ)~ 1[~ [L-t'Y '{zr!Z [o '-b'ti* 
~Y~ 2lltL-5- -ta toruu ov-wu 01 '[:o{-'?--§-lo %-l:tli{.<?- 'Id% ~lto '~klLl:o ·.p~ ~ {HY~ 2--o.g.~ to%r ~~ 'cn·m-&­

[t3.-,!, '(M.)If.iY'fk '(Bl)~Bt '(JH)-J:tli{.<?- '(!l)Bt[-3. '{d.§: ~[to 'lu[o1I[ll::' ~.g. ~[5-§-[o k21I~I::' -2-1-Z 3[olli to"t3Y'['>::lfu 
3 SOW ~u '~(LZ)-,?1I~I::' -2-"[>2 3[o[li Z[tl::' [o '-b%~Y~ %(LZ)-,?1I[(I::' -2-f>i: 3[o[li Z[~ 'llo-t'Y (f'Z){a"R>~ 3[o[[i [L-t'Y [lo 
[tt (82)~ Z[tl::' [L-t'Y j1i 'llo-t'Y (9Z)-,?1I~I::' -2-"[>2 3[o[li T[tl::' [Li?<lli (f'Z){ag,~ 3[o[li [L-t'Y [lo[tt (ZZ)~ 1[~ lL-t'Y '2o%-b 
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~12 
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(51) o Int. C1.7 

BOlL 27/092 

(21) *!f:l~~ 
(22) *!f:l '?J..A} 

(72) 1f£~.A} 

C74) tJli:~Hl 

(19)~~1?1~~ ~ 7c](KR) 
( 12) ~ ~ ~ ~ i?-& (B 1) 

10-2002-0016175 
2002\103~25<?J. 

09/817,834 

(45) ~Jl ~-A} 

(11) %~\ll~ 
(24) %~~-A} 

(65) -t'-7~~~ 
(43) -t'-7~ '?J..A} 

2001 \103~27<?J. P1~(US) 

AF~ 7}4LA1717}01AF 
<?J.~~4~~~4~~~~~¥q~~1~22%2~ 

P}~~ 

P1~98683.!f-l?Jli'i"T-~=JLJ:l-1A}J(--~ 016..:§.24~7H~1 0118311 

~~.fl...A1 

P1 ~98607-!f-~--'() 1iJ 2f'7~ P}6_~~ !f~16..:§.24~7}Mj ~2526 

oJ1!fl-6. t-J1 °1l:l12::. t'-~ "lll_ 

P1~97007 ~cJ1~2f'l:l1l:J-1~-A}J(--~!f~16..:§.179~7}~ej1 °16.757 4 

"T-~-~ ]':~ 

P1 ~98607-!f-~--'() 1iJ 2f'7~P}6_~~!f~16..:§..:§.~.:§_5I.:§.2216 

%~~<51 10-0529202 

2005\:!11-%l.17~ 
10-0529202 
2005\:! 11-%l.l0~ 

10-2002-0075732 
2002\110~05<?J. 

01%- ii-4f 711 °1.:§. CMOS 9-] A~1~ 1'1Jlfl~. n-'¥Y_ ~ p-'¥Y_ 449-1 711 °1.:§. 0cJ <;xoJ 6 11 711 °1.:§. -u-:&%% i:§-"j -6}.Jl ~1 ~ 711 °1.:§.~ 
%-3f"6"t-c li::l-111: o 1 ~1 ~ 711 °1.:§. ~ 711 o 1.:§. -u-:&%% ::.~J1.7-l -6}-c li::l-111: 711 o 1.:§. oa <;xoJ oJ1 .Jl-k %{!-&- 9-1 %{! ~1 ~ %-3f"6"t-c li::l-7l1: 
p-'¥Y_9-] 711°1.:§. 0cJ<;xojoJ1 A~11 if-4f% %-3f"6"}r li::l-111; n-'¥Y_ ~ p-'¥Y_ 449-] 711°1.:§. 0cJ<;xojoJ1 A~1 2 if-4f% %-3f-6}r litlJl; ~--'()­

~~ li::l-111~ ~~ -T~~ 1J.'?1-6}.Jl if-4f9}-6}r li::l-111~ ±W~li. ~ 1f£~9-] 01%- if-4f 711°1.:§. CMOS r PMOS .:§.~.A16.E~ 
~NMOS .:§.iffi.A16.E~~ ±W~li. NMOS oJ]Ai, 711°1.:§..C .:Il-k%{!-&-~ • .:Il-k%{!-&- ~oJ1 i:§-"j~ A~11 if-4f ~ ~ ::.~J1 1 
ii-4f ~oJ1 -<§""a~ A~1 2 ii-4f 711°1.:§.~ ±W~li. PMos oJ1Ai. 711°1.:§.-c .Jl-k %{!-&- ~ ~ .Jl-k %{!-&- ~oJ1 -<§""a~ A~1 2 
ii-4f 711°1.:§.~ ±W~li. 

5:.7 
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%~~<51 10-0529202 

12 : CMOS 14 : n--'tll_ 

22, 24 : 7-l ~ 7Jl6l :§. 26, 30 : J:_Q_.:::O 

42 : :A~l 1 i'i-4;'- 44 : All 2 i'i-4;'-

.g.~~~ MOS :§.iffi.Al.:::OF-~ ~ IC A1l5: lclJ-~oJl ¥1:-~ ?!_2_£._, ]il_q -=]1-;%!]:3j_2_£._.C 61~ i'i-4;'- 71]61:§. CMOS ~7.1 ~ =r :A~l5: 

lclJ-~61] ¥]:-~ ?!614. 

61~ i'i-4;'- 71]61:§. CMOS 7.J-7.l.C 'International Technology Roadmap for SemiconductorsJ 1999 \1 .Jtl-oJl 7~l-l:s::J~ 

:U.Allil, 61 Z}--6~%~ 6lc~~ ~7.1~ :A~l5:i>}.C ~u:~~ -t;'-:Aj.£ .llLJ-l-5-}7-11-} :A~l<j--5-}.Al ?J-_2-vj, 61~ i'i-4;'- 71]61:§. CMOS ~7.1 
~ A1l5:i>}7l ..'f-1~ A~lil-} JI}c}Pl~~ 7lA~i>}.Jl :U.Al ?J-q. 

~-6~ CMOS ~7-l.C NMOS 9} PMOS :§.iffi.Al.:::OF-~ 5'-.!f--.91 71] 6]:§. ~~_2._£._ ~'C-]{,I_'C-]~% 1--}%-5-}vj, 61 7;1-9- NMOS .:§_iffi 
.Al.:::OF-~ 611 1:lJii~Aj.C N+ ~'C-]{,I_'C-]~% 1--}%-5-}.C ~~.PMOS oJl 1:lJii~l--i.C P+ ~'C-]{,I_'C-]~% 1--}%~4. w'C-]{,['C-]~4 ¥]:-~ 

-{! 71] 61:§. -t'-J{l ~All£ 'i}ii~, ~'C-]{,I_'C-]~% i'i-4;'-_2._£._ 1:lJ;%!l1}_2_£._M] ]il_q --8~]/'a :U.JL ~-&-3:J'il CMOS ~7.1~ :A~l-t'-~ ?!_2._ 
_£_ 7l"Cll:s::J.JL :Uti-. 

~A~, IC ~7-loJ] i'i-4;'- ~~% ll~7.li>}.C 2 7}7-l 71~61 :U.Ct:~l, ~l{j_Q(Jl 71~~ Si l@_E_7J.sj ~6J-ol] :stil_E!_ol €-..'f-1~ ?(.C i'i-
4;'- ~~% 61 %-5-}.C?! 614 . .!f--1{]_ Q(ll 71~~ 61 ~ i'i-4;'-% 61%-5-}.C ?!_2._£, -5-}1-}.sj i'i-4;'-~ NMOS:§. iffi.Al.:::OF-~ .91 N+ ~'C-]{,1_ 

'C-]~oJl %1--}-5-}i'l] 71~-5-}vj, EE -5-}1-}.91 4~ i'i-4;'-~ PMOS :§.iffi.Al.:::OF-~.91 P+ ~'C-]{,I_'C-]~oJl %1--}-5-}71] 71~~4. 

61~ "54;'- 71]61.:§_ CMOS .91 A1l5: lclJ-~~. {,I_'C-]~ 71-¥!-% €-Bl-5-}0:j, n--'tll (n-well) ~ p--'tll_% 44 ~1}--5-}.C S:.A} <>8<2:]% 
~.Aj-5-}.C TI;iJ]; n--'tll_ ~ p--'tl)_ 44.91 71]61:§. <>d Q:]oJl 7ll 6l:§. ~91-%% ~.Aj-5-}.:il 7-l~ 71]61.:§_ (place-holder gate)~ ~4 
-5-}.C TI7ll; 61 ~% 9-~ -5-}0:j n--'tll (well) ~ p--'tl)_ 446 1] J:_Q_.:::O <>d <2:J ~ E- ell 'il <>d <2:J% ~ .Aj -5-}.C TI7ll; 7-l ~ 7ll 6]:§. ~ 7ll 
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%~~"51 10-0529202 

0 15. {}:§:}%% A~ljj -5}~ B-lll; lll 0 15. ~ ~ OJl jl-k %-~-fr.£1 %-~~1~ %3[-5}~ B-lll; p-~.£1 ll] 0 15. ~ ~ OJl A~l 1 ii-4i'% 
%3[-6"}~ Bll]; n-~ ~ p-~ ZfZf.£1lll 0 l5. ~~OJl All 2 ii-4i'% %3[-6"}~ Blll; ~ ~~~ B-lll£ ~~ -T~~ 1i'(!-6"}jl 
ii-4.f:§l-"6"}~ B-lll~ ±w~4. 

~ ~'1'1.£1 °1%- ii-4.f ll] 0l~ CMOS~. ZfZf 0 l 71] 0 15. ~ ~. ~.2...6. ~ ~ ~ E..Cll~ ~ ~%~~.PMOS .§.~.Al.6.f1~ ~ 
"'a-6"}71 ..<fl~ n-~.31} NMOS .§.~7-1.6-F-i~ ~"'a-6"}71 ..<fl~ p-~% 7}{1 7lJtl-% -TBl-6"}5'1, NMOS .£jl]Jol.§.~, jl-k %-~% 
~(cup), 0 1 jl-k%~-& ~OJl ~"'a-'8 A1l1 ii-4i- ~ ~ 0 1 A~l1 ii-4i' ~OJ] ~-'8-'8 A~l 2 ii-4i'lll 0l~~ ¥.W-6"}jl; PMOS .£1 
lll o 15. ~. jl-k *~ -s.- ~ ~ o 1 jl-k *~ -s.- ~ OJl ~"'a -'B A~l 2 ii-4i' lll o 15. ~ ± W-6"}vl. ~ 7Vi All 1 ii-4i'~ 1l.ll ii- ~ o 1 c.1 
%.£1 ii-4.f-iJ:-.2_£..!]Lf-i {112Js=ljl, All 2 ii-4i'~ ~f-Pll'f, 7-l.S.:rr.l'r, %'2.1~~:-]]l'f, 1..-].2..1}, Wit,~:§:} Wit~ B}l-}%.£1 ii-4i'-ir 
.2_£..!JL F-i {} l2l B 4. 

0 1 ~'1'J.£j _R~J!} -&~~ ~ ~'1'J.£j ~~OJl l:J1~ ~U},e. 01"5~~ ..<fl~ Allii-5'1~ ~ 0 14. 0 1-6"}, ~ ~'1'J.£j ll}'if:3]~ {J..Al oJl~ 
.:S:::.li.'!% %~-6"}~ ~t:-1 7-}"'~l-51 ~~~4. 

~ ~'1'1~ 0 1%- ii-4.f 71] 0 15. CMOS ~~l~ {l~-6"}~ ii-:Aa ~ ~ ~~.£11olJ-~OJ] u:j-1:'} -T"'a-'8 CMOS ~~l~ A~lii-~4 . .:S:::. 
1 OJl .£l-6"}1i.'!, ~ ~~.£1 CMOS ~~l~p-~ {].'2.1~ -1'~] 01~ (10) /..d-61] ~-'8~4. -i>~l 0l~ (10) ~ {}:§:}% ~~ (11) 6ll .£1-5~ 
~W-6"}~ :±.7-} 1i'(!% A~lii-"6"}jl, :±.7-} ~~% ~"'a-6"}vj, ::1.%- -6"}1-}~ 12£ 1-}10}\11.4. PMOS .§.~7-1.6-F-i% n-~ (14) ~ 

NMOS .§.~7-1.6-F-i% p-~ (16)% ~"'a-6"}~ ~{].~ ii-:Aa 0 1 .:if-4i-~4. 0 1% ~~~.PMOS .£1 :78-'f-, ~ 5x1013 cm-2 1{!7-l 

5x1014 cm-2 .9.1 {lilt~ 50 keV 1{!7-l 200 keV .£1 61]1-l.Al €-..<fl£ ~ ol~% 2f-~"6"}jl, NMOS .£1 :78-'f-, ~ 5x1013 cm-2 

l{J.Al 5xl014 cm-2 .£1 {lilt~ 20 keV l{J.Al 100 keV .£1 OJlt:l.Al €-..<fl£ *:±. 01~% 2["~-6"}~ ~"'aw 'T ~4. 'illll ~'?]­
% ~:Aa~4. PMOS 5.~7-].6-F-i ~NMOS 5.~7-1.6-F]% 71] 0 15. {}:§!-%%- (18, 20) ~ ~{}:§:}61] .£1-5~ Zj-Zj- ~"'a~4. ~:§:} 
~ '2-1 ~ (Si3N4), ~ ifc.l ~ '2-1 ~% PECVD (plasma-enhanced chemical vapor deposition) OJl .£1 "5~ ~ 150 nm "41 .Al 500 

nm .A}ol.£1 f-7Jll£ %3[-6"}~, "t:iP]" 71] 0 15., ~ ~l~ 71] 0 15.1:'} -5}~ ~% ~"'a~4. PMOS~ NMOS OJ] Zj-Zj- ~1~ l]Jol.§. 
(22, 24) ~ ~"'a~4. 01%~ ¥..£'2.1:±.::J.i:l]lij, ~ 711°15. {}:§:}% 3't 0 l 61Vi 0Jl~ 0l %-B-5'1~. ~:§:}% EE~ ifC-1~'2-1~.9.1 o] 
lolJ-.Aa ~ij-~P} OJl~OJl .£1-5~ ~.Aa~4. 0 1 OJ]~ ii-:Aa %ca, 71] 01~ {}:§:}%~ ..lf-~~.2_£ OJl~Sljjl-} ~~-6"1 A~lrj~ "f'- ~4. 
0 1 ~:§!-%%~ 71] 0 15. ~~OJ] rB~ rB~l 9-~ (replacement cast)% ~"'a~4. 

PMOS~ NMOS 5:..4'-0J] :±..2...6.9-} E-Cll~ {j~Jf-~ ~"'a~4. 01~ tg"'a-6"}7] ..<fl~ ~ lolJ-~~. ~ 1x1015 cm-2 1{!7-l 

5x1015 cm-2 .£1 {lilt~ 30 keV l.fi.Al 50 keV .£1 OJ]t:l.Al ie..<fl£ n-~OJl BF2 °1~% "f'-~-5}~ PMOS% :±..2..::::: (26) ~ 

E-Cll~ (28)% A~lii-"6"}jl, ~ 1x1015 cm-2 1{!7-l 5x1015 cm-2 .9.1 {lilt~ 30 keV 1{!7-l 60 keV .9.1 OJlt:l.Al €-..<fl£ p-~OJ] 
Bl:±. 01~% "f'-~-6"}~ NMOS% :±..2...6. (30) ~ E..Cl]~ (32)% Allii-~4. {}:§:}%% %3[-6"}~ ollolJ-"'a OJ]~~ :if-, lt:§J-%% 
%3[-6"}~ {}:§:}% .6-J!llo]Ai (spacer)~ ~"'a~4. 

4%.2._£ .:S:::. 2 ~ %~"6"}1i.'!, {}:§:}%% (36)% CVD £ %3[~4. l:l}'if:3]~ f-7Jl]~ . .:S:::. 1 OJ]Ai %3[~ ~:§:} {l.:c-1~% f-7Jl] 
.£1 ~ 1.51{!7-l 2 ll~ 0l4. ~71 T~~ ~:§:} {l.c.1~.£1.Rli.'!OJJAi %-.A]-5}~ CMP ii-:AaOJ] .£1-5~ ~:§:}-"]7,14. ol CMP ii-1JOJ]~ 
3¥:~ {112j.:S:::..£j -'€-"-1'2-1 (slurry) 7} l:l}'if:3]"6"}4 . 

.:S:::. 3 ~ .:S:::. 4 ~ %~"6"}1i.'!, ~:§J-%.£1 ~l~ l]Jol.§. (22, 24) ~ l]]ol.§. {}:§:}% (18, 20)% A~l71~4. H£02 1-} Zr0 2 :Q~. 

jl-k %-~-& .£1 lll 0 15. %-~ ~l (38) ~ ~ 3 nm "41 .Al 8 nm A}o l.£1 f-7Jll £ %3[-6"}~, ~ 500 "C 1{! .Al 800 "C ~ ..<fl.£1 ~ .:s=:. OJl 
Al ~ 10 ~ l.fi.Al 60 ~ %ca Oi \::)_ ~-6"}~ ~J!}, n-~ (14) ~ p-~ (16) ZfZf.£1 7]] 0 1.§. ~ ~ OJl *~5(~1~% ~.Aa -5}~ ~% 
±W~. i'-i:ll.£1 .:if-4.f%3[5(ic.1 (post deposition treatment)~ "f'-"5~~4. ~ ~'1'10Jl .9.1~ lolJ-~.9.1 .:if-4i- Blll~ f-7}7-] %-.9.1 
-6"}1-}£ "5~w 'T ~4. 
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%~~-&1 10-0529202 

:;~111 %il~ . .5:. 3% {f.:::E"B"}li':l, .¥.£t\l1.A1!::.:§. (40) ~ S:..¥."B"}O:j NMOS .9-1 711°1.:§. ~~% :iiJIF-i'<:J"B"}.:il, !:::si]F--]'i:).£..£. ii-4f-
71101.:§. ~~% :;<111 i;'-4j- (42)% %.3]-"B"}.C ~ 014. :;~11 1 ii-4f-~ 1:lj7~ lj]ji;'" EE.C 01'Ci%014. 01 ii-4f-% :iiJIF-i'<:J"B"}.:il, NMOS 

.9-1 711°1.:§. OJ ~.9-1 ii-4f-% :;~11.21~ ii-4i-~ 6!1~~4. :.I_ 4% .¥.£t\l1.A1!::.:§.~ fi117-]"B"}\1, NMOS .9-1 .:il-k%~~ {j 1.]1-¥-6!1 t§ 

),clB :;~111 ii-4f- {l% .¥.w"B"}.C, s:. 5 oJ1 x"'1~ T-.5:~ <f!.C4. 

fi11 2 %il~ • .5:. 4 ~ %.:::E"B"}li':l, ~~1°111] ~.:%116!1 :;~11 1 ii-4f- (42)% %.3]-~ 4%, ~~1°111] ~PMOS OJ~% .¥.£1011.A1!::.:§. 
(40) 6!1 .9-]%~ Jil1F-i'<:l~4. :J_ 4%, :X.~¥1 ii-4i-~ . .:il-k %~~.9-1 711°1.:§. *~~11.C oJ1~"5}.A1 ~-c 6!1{1.:§..£. ~Ell~.£..£ -fr 
~ 6!1~~4. 01ci~ oJ1::B.:§. %-.9-1 -5}1-}7} H20 2 °14. fi111 %iloJVi£l- P}%7}.A1.£., .5:. 5 oJ1 .S:.J-1~ T-.5:~ <f!711 Bt:}. 

~ ~~oJ1 .9-1~ lolJ~E-1 4% Ull1.C, fi11 2 ii"4i- (44)% %3)-"B"}.C 5L2..£, ii'-4i- (44) ~ ~.!f-P1l'f, .A1E..5il'r, %i.'-l~t:11l'r, 

1-].2..i'!-, ~if.~§} ~if~ lcl}L-}% ~.£.£-¥-F--1 ~ ElJB ~u:i~ ii-4f-.5:. ~ 9 ~4. :.I_ 4%, CMP .£ 01 ii-4i'-% 1IJ\:f-5}711 :;~11 
7-]"B"}O:j .5:. 6 oJ1 .S:.J-1~ T-.5:~ <f!.Ct:-11, O:j7]A-~ PMOS .9-1 .:il-k%~~ {j ~NMOS .9-] :;~111 ii"4f- {loJ1 ii"4i- 71] 01.:§. ~~o1 
t§ ),cl B 4. 

01%- ii"4i- 71] 01.:§. CMOS~ -'t}.J,cJ-5}71 .!fl~ ~O:j -t'-:Acl~ . .5:. 7% %.:::E"B"}li':l, ~~"B"}.C .:il-k*~~ :;<~jl~ :;<117-]"B"}.:il, ~~ 
),cl {}_-§}~ (46)% %3)-"B"}lij, T-.5: (48, 50, 52~ 54)~ i;'-4j-§}-5}.C £]{}~ -t'-~oJ1 ut?-J- ~""~¥14. 

Oj-J·J, 01%- ii"4i- 71] 01.:§. CMOS ~7.1 ~ :J_ :;<11.5: lolJ~% 7~J-1"5}~4. :78-T~.!floJVi :AcJ.9-]B ~ ~~.9-1 ~.!f11.]1oJ]Ai 01oJ11:ll 
~ lt:l_;;;:j ~ 9:Acl 01 7}~-5}4. 

-'i}-71 7.1~;;~Rli~ %3)-"B"}.C -'i}-71 Ull1.C Si3N4 ~ %3)-"B"}.C Ulll~ .¥.y"B"}.C ~% ~~.£..£. "B"}.C 01%- ii"4i- 711°1.:§. CMOS 

.9-1 :;<11.5: lolJ~. 
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%~~-81 10-0529202 

~71 {1-~%%-El T-7Jll~ ~71 ?;]~ jj]a].S T-7JllEJ Q} 1.51.-]17.] 2.0 llB~ -31.% ~~..2...£ "5-}~ a]% ii-4i' jj]a].S CMOS E] 
.A1]~ liJ-~. 

H£02 ~ zro2 .£ -T.Aa-'9~ ;~Jl.E.-ir..2...£lJLEi -{:i~!fl .JL-k ;~Jl.E.~ %.:3["5-}~ t:l:-ill~ .:>t.'W-"5-}~ -31.% ~~..2...£ "5-}~ a]% if 

4.f jj]a]_s CMOS E] .A1]~ liJ-~. 

Q} 3 nm 1.-]17.] 8 nm E] T-7Jll.£ .:iL-k .Al].li~ %.:3["5-}~ t:l:-ill~ .:>E'W-<5}~ -31.% Jf~.Q...£ <5}~ a]% if4.f jj]a]:§. CMOS .91 
~l~ liJ-~. 

~7] p-~9] jj]a]:§. oJQ:]% 1l1JF1'-8"5-}.:ll, ~71 ~11 ii-4.f% %.:3fi5}.:ll, ~7] .A1]1 ii-4.f% 1ll]Ei'-8<5}Jl, ~7] ~11 if4.f% -{i 

~3j..2...£ oJl ~"5-}~ t:l:-ill~ .:>f'W-"5-}~ -31.% ~~..2...£ "5-}~ a]% if4.f lila]:§. CMOS E] ~l~ liJ-~. 

~71 J:]11}a]~ oJQ:j ~~Hl ~71 .A1]1 ii-4i'El %-% %3fi5}.JL, ~7] J:]11}a]~ oJQ:]% Jil]Ei'-8"5-}0:j ~71 p-~9] jj]a]:§. oJQ:] 
0 11 ~11 if4.f {l% \[7]~ t:l:-ill~ .:>f'W-"5-}~ -31.% ~~..2...£ <5}~ a]% if4.f jj]a]:§. CMOS E] ~l~ liJ-~. 
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%~~"5110-0529202 

llll ii ~ o 1 c.1 :a-_Q_£ T-.Aa 5'1 ~ ii4f;c _Q_£-¥- Ei ~ ~ B ii4f% %3f"5-t~ B 711 ~ ± ~"5-t~ ~-& ~~ _Q_£ "5"}~ o 1% ii4f 
711°1.:§.. CMOS 9-l AllS: BJ-1{1. 

~if-ol-E-• .A]~.:rr-E-, %c.l l! \11, 1-].2_ -M-. "'€!:%, ~:& "'€!:% ~ l:l}L-}% ..Q..£ T-.Aa 5'1 ~ ii-4f;c..Q..£lJLEi ~ ~B ii4f% %.:3["5"} 
~ Blll~ .¥..~"5"}~ ~% ~~_Q_£ "5"}~ o]% ii-4;'- l]]o].:§.. CMOS 9-l Al]S: BJ-1{1. 

b) 711 °].:§.. OJ Qoj OJl 711 °].:§.. ~:&%% ~ .Aj "5"} .Jl, Si3N4 ~l ::@.- ;;~R.E. ~ ~ 150 nm 1-11 .A] 500 nm 9-l -Tllll£ %.:3["5"}~ Blll~ .¥.. 

~"5"}~. -'2}-7] n-~ ~ p-~ 44011 ~1::@.- 71] 0].:§..~ %.:3["5"}~ Blll; 

h) -'2}-7] n-~ ~ p-~ 44.9-l -'2}-7] 7]jo].:§.. OJQojOJl ~if-ol-E-, .A]~.:rr-E-, %c.]l!\11, 1-].2_1}, "'€!:%, ~:§:} "'€!:% ~ l:l}L-}%..Q..£ 
T-.AJsj~ ii-4f;c..Q..£lJLEi ~~BAll 2 ii-4;'-% %.:3["5"}~ Blll; ~ 

i) -'2}-7] a) l-]1.A] h) 9-l Blll£ ~-& T-5:~ ~'?1"5"}.JI ij-4;'-:§:}"5"}~ Bll]~ T-l:l]-5"}~ ~% ~~_Q_£ "5"}~ o]% ij-4j- 7]jo].:§.. 
CMOS 9-l ;:.~1]5: BJ-1{1. 
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%~~<5-l 10-0529202 

Hf02 ~ Zr02 £. T-.AjJ8 ;;~].E-~..2..£.1]'-fi ~12lB .:il-k ;;~]li~ %.:3]-'6"}-c B:i!l~ .::ifW-6"}~ ?!% ~~..2...5!.. '6"}~ o]% ii-4f 

71] 0].:§.. CMOS .9-1 All£ BJ-~. 

~ 3 nm 1-Jl.Al 8 nm .9-1 -'f-7Jll£. .:il-k ;;~].E_~ %.:3)-'6"}~ B:i!l~ .::sfW-6"}~ ?!% ~~..2...5!.. '6"}~ 0]% ii-4f 71]o].:§.. CMOS .9-1 
A"Jl£ BJ-~. 

--'c}7] p--'(l)_.sJ --'c}7] 71]0].:§.. ~~% Jij]Ef'<)'6"}.::U., --'c}7] /ll] lii-4f% -\5-:3]-'6-}.::U., --'c}7] /ll]lii-4f% l!JlE~'<)'6"}.::U., --'c}7] A"J]l-'g-4f 
% ~€lj3j..Q.§.. OJ]~-6"}~ B:i!l~ .::sfW-6"}~ ?!% ~~..2...5!.. '6"}~ 0]% ii-4f 71] 0].:§.. CMOS .9-J /Ill£ BJ-~. 

--'c}7] -cjlcl}O]~ ~~ ~~lOJl --'c}7] /ll]l -'g-4f.sj %% -\5-.:3)-'6-}.::il, --'c}7] -cjlcl} 0]~ ~~% Jl!]E~'<)'6"}0:j --'c}7] p--'(l)_.sJ --'c}7] 71] 0].:§.. 
0a ~OJl /llll ii-4f ~% 'i:}-71~ B:i!l~ .::sfW-6"}~ ?!% ~~..2...5!.. '6"}~ 0]% -B-4f 711°1.:§.. CMOS .9-1 /Ill£ BJ-~. 

78T-'8'J- 17 . 
.6f;;~ll 
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KPA XML .¥: !d Itll Ol J::l 1 I 2 
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FABRICATING SINGLE-METAL OR DUAL METAL REPLACEMENT GATE STRUCTURE 

(57) Abstract: 

PURPOSE: A method is provided for fabricating a 

single-metal or dual metal replacement gate 

structure for a semiconductor device. 
CONSTITUTION: A method for fabricating a -----.-.-1-----,---.----

semiconductor device having a gate structure on a ----' 

substrate comprises the steps of: removing material ----'------'---­

in a gate region of the device to expose a portion of 

the substrate; forming a gate dielectric on the 

exposed portion of the substrate; forming a metal 

layer overlying the gate dielectric and the dielectric 

material; forming a silicon layer overlying the metal 

layer; removing a first portion of the metal layer and a first portion of the silicon layer, so that the top 

surface of the dielectric material is exposed and a second portion of the metal layer and a second portion 

of the silicon layer remain in the gate region and have surfaces coplanar with the top surface; and forming 

a silicide contact in the gate region, in contact with the second portion of the metal layer. 

copyright KIPO 2006 

Legal Status 

Date of request for an examination (20050809) 

Notification date of refusal decision (00000000) 

Final disposal of an application (registration) 

Date of final disposal of an application (20060727) 

Patent registration number (1 006130680000) 

Date of registration (20060808) 

Number of opposition against the grant of a patent ( ) 

Date of opposition against the grant of a patent (00000000) 

http:/ /kpa. kipris. or. kr /XM L/200500000362AO/kpa.xml 2010-07-19 

NVIDIA Corp. 
Exhibit 1102 

Page 278



KPA XML ~;\-j 

Number of trial against decision to refuse ( ) 

Date of requesting trial against decision to refuse ( ) 

Date of extinction of right ( ) 

http: I lkpa. kipris. or. kr IXML/200500000362AOikpa.xml 

ITliOI A:l 2 I 2 

2010-07-19 

NVIDIA Corp. 
Exhibit 1102 

Page 279



(51) o Int. Cl. 

( 19) 1:11 ~ 1?1 ~ ~ -6178 (KR) 
(12) "'; ~ ~ -6-l i?-SL(B 1) 

%~~-81 10-0613068 

HOJL 21/335 (2006.01) 
(45) ifJl ~:A} 
(11) %~lfi~ 
(24) %~~:A} 

2006\:!08~16~ 
10-0613068 
2006 \:! 08 ~ 08 ~ 

(21) ~-'tl.J.tl.~ 
(22) ~-'tl ~7-} 

(72) ~1:§ 7-} 

(74) 1:111'1 ~ 

10-2005-0000362 
2005\101 %104~ 

(65) ~7~J.il:l.~ 
(43) ~7~ ~7-} 

10/707,757 2004\101 %109~ P1~(US) 

~ F-lt-ll A:j ¥l. B17-1t-i1:::: u-]~2':. .:rr.± ?ol161 {'!_ 
P1-::r:- 10504 Tr~i"- 6}.g_.3. Tr _2_~}.:=_ .£_.:=_ 

=r-' l1J F-i 
P1-::r:- Tr~i"- 10598, _fl_.3_"E}>'f:- "5}612':_, ll~t:l 5!.~ 2529 

:::::.F-]7,]1,~ 

10-2005-0073541 
2005\107%114~ 

P1-::r:- .:ilt-i1F-l~-T- 06902, ::::_E.,!]_¥_.:=_, 6}JI}~ 2438, A}-9-:::::_ -w.::::. 6~l:l1Tr 
150 

i1-, "51~ -.AJlA1. 
P1-::r:- Tr~i"- 10512, 7}~, l:l}~ J-i~ ~~1:::::_~ 1179 

l&S:.:~Jll:7-}~ -'fl-5~ t!:~ Pl1~ .!E:C 61%- Pl1~ J:llj~1 111 61~ -T-3':%% A113':-t}:C Jcl,:l-l{l 61 A11~~v1. %71 -T-3':%~ 111 61~ ~ 
9:]011 {).t:1A}61.:=_ ~\'Jl% _¥_1}-~4. 71.Jtl:-91 ~lf-~% J:.~A17171 -'f]-5~ t:iP1 lJ161~ T3':% '3<1 :§:]-"~ lJ161~ %-~j~17} A~17-J~ 

.Jl J.. ~011 1JJ61.:§. %-~~17} ~.A.:J'fl.4. 111 61~ %-~j~191- %-~~1 %~% 15J.:C Pl1~ %61 ~.A.:J'fl.4. 61ci~ Pl1~ %~ :5:7-} 
~~1 61111~ 15J.:C ~'@~ Pl1~ %6111111 ~ 'T-~4. --'(}71 Pl1~ %% 15J.S:.~ {lt:l~ %61 ~.A.:j~.Jl, 61% .!E~ ~'@~ ~11 61111 
7} ~ 'T- ~4 . .IrcJ1t1_-:§:j- .!E:C 011.7;11!1J ~7-.:J 61 'T--5~~v1. util-"'i %71 Pl1~ %-JJ} {lt:l~ %91 4~ -¥-~% 61 %71 111 61~ ~9:1 
011 \t6}~.Jl, %71 *~~1 %~91 ~%-'?-1 .Rli1:il} %~ .IrcJli1%91 .Rli1% ;!-:C l&li1011 %71 *~~1 %~91 ~%~ .Rli1 61 X. 

~B4. %71 111 61~ ~ 9:1"41011 ~:c %71 Pl1~ %.JJ}1J~%El1011 ~:c {).1'1"'}61.::::. ~\'ll 61 ~.A.:JB4. 

S:. 18c 
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%~~-&] 10-0613068 

.5::. 2A9} .5::. 2B.C ~ ~~.ij jj111!J..1oJ10J1 rr]--E %Zl 7Jl rJl;%11711°1.:§.. i,'-:A,:j TilllOJ1-"i.il A~1£ <1J-'8"J:.JJ} 7}.£. <1J-'8"J: 440J1 qj~ 
litl?1.:S:.o1r::J-. 

.:S:.3A9}.5::.3B.C~~~.ij -A~111J.J..1oJ1 6l1 rrJ--E%Zl 7Jl rJl;%1171] 0 1.Si?-:Aa.ij t:i Z[<>~B Till1.il A~]£ <1J'8"J:31}7}.£. <1J-'8"J:44 
OJ1 rJl~ litli'1.£ 0 14 . 

.£4A9}.£4B.C~~~.ij jj111J.J..1oJ10J1 rrJ--E%Zl7Jl q)j~171l 01.Si,L:A,:j_ij t:i Z!<>~-¥.1 Till1.il A~1£ <1J'8"J:31}7}.£. <l.}'8"J:44 
OJ1 rJl~ litli'1.£ 0 14 . 

.5:.5A9}.£5B.C~~~_ij -A~111J.J..joj]OJ] u:}-E%:Q 7Jl rJl;%11711°1.Si,L:A,:)OJ1-"i ~7}~'i]_ TilJ]_ij A~]£ <1J'8"J:31}7}£ <1J-'8"J:Zf 
40J1 rJl~ Tili'1.£ 0 14 . 

.5::. llA 9} .£ 11B .C ~ ~~ .il -A~1 21!J..1 oJ1 OJ] rrJ--E 0 1% riJ1~ rJl j~1 711 °1.S i,'-:A,:j OJ] -"i .il t:i Z! <'>~ B Till1.il A~1£ <1J-'8"J::TI} 7}.£. 
<1J-'8"J: 440J1 rJl~ Tili'1.:S:. 0 14 . 

.5::. 12A9} .£ 12B.C ~ ~~ .il jj1 21J.J..1 oJ1 OJ1 rr]--E 0 1% 11]] ~ rJl ;%!] 71Jol.S i?-~ OJ]Ai .il ~7}~ 'il Till1.il A~]£ <1J-'8"J::TI} 7}.£. 
<1J-'8"J: 440J1 rJl~ Tili'1.£ 0 14 . 

.:s:. 14A9l- .:s:. 14B.C ~ ~~.il jj1 21!J..1oJ10Jl rrJ--E 0 1% riJl~ rJl;%1171l 01.S i?-:AaOJ]J..i.il t:i Z!<>~B litll1.il A~l£ <1J-'8"J:31f- 7}.£. 
<1J-'8"J: 440J] rJl~ Tili'1.£ 0 14 . 

.5:. 16A£} .£ 16B.C ~ ~~.ij -A~1 21J.J..]oj]OJ1 rr]--E 0 1% riJ1~ qj;%1]711o]_s i,'-:A,:jOJJAi.ij r::}-E Till1.il A~]£ <1J-'8"J::TI} 7}.£. <1J-'8"J: 
440J] rJl~ Tili'1.£ 0 14 . 

.£ 17 A9} .£ 17B.C ~ ~~ .il jj1 21J.J..1 oJ1 OJ] rrJ--E 0 1% riJ1 ~ rJl j~1 71Jol.S i,'-:A,:j OJ]Ai .il ~7}~ 'il Till].ij A~]£ <1J-'8"J::TI} 7}.£. 
<l.}'8"J: 440J1 rJl~ Tili'1.£ 0 14 . 

.5::. 18A ..!f-101 .£ 18C.C .£ 17 A9} .£ 17B.il litll1 OJ] qj ~ qj 'i}-.2..£-"i 0 1% riJ1 ~ qj ;%11 711 o]_s i,'-:A,:j 6l]Ai .ij ~7}~ 'il Till1.il 7} 

.£. <1J-'8"J:OJ] qj~ litli':[.:S:.o1r::J-. 
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%~~-81 10-0613068 

~~~~ ~~~31]- ~~ -.g-;s~}611 ~~ ~~~o] ~~~ 10/707,759 "41-¥- ~~]o1J.1%% ±~i>}~ FET {lt.lJ..}oj.:o::_ 71]o]5_ 
-TS:%% ~ -".:l i>}~ BJ ~(Method of forming FET silicide gate structures incorporating inner spacers)" 611 ~i\:! B :3). 
ojq, ~71 «;>!~:'{! ~~91 7]~]41%~ ~ 1{3!-~]A1611J..1 {1-S:::'{!l:}, 

~ ~1{3~ .Jl~ ~.£~11 :±..A}%91 Al]S:611 ~~:3)...2..~, ~"51 Pl1~ 711°]5. ~~01 J..}%:<8. .Jl~ CMOS 1]:3j :5:.A}611 ~~:3l_o] 
1:}, 

CMOS :5:.A}%o] 711~:3l..2..~ .!i!.l:} -c1 3]-~ ~1"1='-~ ~:5:~ 011 u:}i}, 0]c~~ :±_.A}%91 711°]5. %~j~l%~ :J.. f-7Jl]7} 20 Ao] 
i>}~ t}:±_s:"j~l:}. oj~~ 71]o]5_ -T~~-'ff-9} ~t.l{lt.l~(polysilicon) 71]o]5_ -TS:%~1f-F~91 ~~%%91 ~{}(%% ~t-1 
~ {] Jl.31]-(poly depletion effect)~ .A]~~)% P]j-!f- % 7}J..1 ~ 4. 

Pl1~ 711°]5.%~ ~71 ~t-1 ~{l.IT.31]-~ ~~J..]7].Jl -T~ ~-'if~ ~~]~i>}~~:~] J..}%s:"Juol, u:}i}J..1 .Jl~S:.~ 1]:3JB CMOS :5: 
.A}%91 ~7]:3j -".:l-'6-% ~{)."51 i>}~~:~] J..}%:<8.1:}. Pl1~ 711°15.~ ~~:3j..2..~, "C1Pl(dummy) ~t.l{lt-1~ 711°]5.7} ~-".:lB ~ 
;~~]7-1:<8. .A}t-1611 Pl1~ 71]o]5_7} ~-".:ls:"l~ -6]..2..~ ""CJ1~1 711°]5.(replacement gate)" i?-:Aa611 91t-] ~-".:1:<8.4. ~71 Pll~ 71]o] 
5.~ n+ ~ p+ 711 oj5_ ~ Q'] .:S:.f-611 ~~~ 'T ~..2..uoj %ZHS ~%"1='-(midgap work function)~ Y.~ \3:~ Pl1~% ±%W 
Y ~1:}. "CJ1'l}:3j..2..~, ~7) "CJlj~j 71) 0)5.~ n+ ~ p+ ~t.l{lt-1~ 71) 0 )5.% Zf:Zf61) 91t-n °)~61) ~-Jts:"J~li:! i?-:frl.f161)-"1 J..1 
~g.~ ~%"1='-~ Y.~ f-7]91 Pl1~% ±%w 'T ~4. 

~2 7]~91 oj)~J..l, t.l(Lee) 21 7]Et%%91 P]~ Jt"51i?-7]18~ 2003/0119292" o]% ~%"1='- Pl1~ 71]o]5_ CMOS "C]l:l}o] 
~%91 1] :3j (Integration of dual workfunction metal gate CMOS devices)" 611-"1~ Pl1~ 711 °]5.~ ~-".:]"6"}71 ~ ~ -cJ1 ~l 

711°]5. i?-:A.:J- .£~:<8. ~t.l{lt-1~ 711°]5.7} ~-".:JB ~ ;~~]7-]s:"j.Jl 1-)-J..1 7]BJ!{l 5.'ill~1~ \t7]uoj, ~3.. Pll~ %- 0 1 ~71 5.'ill 
~1611 ~:3J B ~ Pl1~ 711 °]5. ~ '{}-%~ 1-f17l -'f-1 ~ 118 ~~s:"J ~ i?-:::z.:J -% 1i 1:§ i>} .JI ~ 4. 0 1 c~ ~ 1l2~ ~ -¥- 7}.A1 ~ 611 -"1 A11 
3':~91 -lf-All~ Al]J..j W 'T ~4. ~ ~~1~. (70 nm .!i!.l:} 3]-~ PJ1Jf- ~~ j]\i :Q 0 ]611 "CJ1%i>}~) P]Jf- ~:±.~ 711 oj5_ -TS:%~ 
Pl1~1.J1611 ~ i?-Zl-% '{}%.A] ~.Jl-"1~ j]Jf-7]7} P]Jf- ~~ ~~ %~l:ll(high-aspect-ratio) ~ ;t~ 5.iill~l~ 'i~l:}. %~11 
~. Pl1~ 118~~ i?-:::z.:J (~~:3j..2..~ ~"§:}:3j-7]711:3l '?:J.P}i?-:::z.:J(chemical-mechanical polishing, CMP)) ~ Pl1~91 -¥-7Jl161l ~ 
~(:J..t.l.Jl, o]611 u:}i} Pl1~ 71]o]5_91 ~ojo]j ~~-"1) *it:3J-".:l% °F71W 'T ~~ "C]--'(J 0 ]3!l)5.(dishing effect)611 ~"8"J: ~71 

7} 114. 

Pl1~ 71]o]5_ ~~% -'f-lt-] {lt.lJ..}o].:o::.:'{! ~El)(silicided contact)% Al]i?-i>}~ ~ EE~ l:l}ijJ-:3]"6"}1:}. u:}ij-J..l, %:fr7J "CJ1~1 711 
0 ]5. ~ o]% Pl1~ -c)1j~1 711°15..£-¥-611 "CJlt-] 11711 :3J%7}-'6-i>}.Jl A1]3':7}-'6-~, {lt.lJ..}o].:o::. ~Ell% ;t~ Pll~ 711°]5. CMOS 
:±_.A}7} ~iLi>}l:}. 

u:}ij-J..l, ~7191 -lf-;~~1~% t-]~"6"}7] -'f-lt-] ~.£j~1 :±..A}~ -'f-1~ \3:~ Pl1~ EE~ 0 ]% Pl1~ rJlj~1 711°]5. -TS:%% Al]S:i>}~ BJ 
~ 01 ;~~]i?-s:"JuoJ, ~71 -TS:%~ 711°15. ~Q']611 {lt.lJ..}oj.:o:=. ~Ell% ±~~1:}. 

~~1{3~~*~~~5.-TS:%%~~~.£~:±.4~~3':~~~~%~i?-%..2..~~~~~~iL~%~~~4.~1:§91 
~il8~11 ~~611 u:}.Sli'l., ~7]1'1J~~ :5:.A}91 71*91 ~-¥-~% :X.~J..]7]7]-'f-1t-] 711°]5. ~Q']611 ~T{! %~%% ;~1]7-]i>}li'l.J..1 
(~, -c1Pl 71]o]5_ -TS:% ~ ~;.~ 711°15. %~~](sacrificial gate dielectric)~ A1]7-]i>}li'l.J..1) J..13fB4. 71]o]5_ %~~1~ ~ 
7] 71*91 :x.~B -¥-~611 ~-".:js:"j.Jl, Pl1~ %-~ ~71 711°]5. %~j~19} ~71 %~~1 %~% :a~j]~ ~-".:1:84. 0]i'-~~ Pll~ 
%-~ :>f1t.li>}711 :±_.A} !f~] 0]:s>]~ :a~ ~~~(blanket) Pl1~ %- 0 1 ~ 'T ~4. Pl1~ %-31]- {lt-1~ %- -¥-~% 01 ;~1]7-ls:"l~ 118~~ 
EE~ 611~1~(etchback) i?-:::z.:Jo] y-6~s:"j~J..l, %~~1 %~91 ~~-'f-11i'l. 01 :X.~s:"j.Jl, Pl1~ %-31]- {lt-1~ %-91 4~ -¥-~%~ 711 
0 ]5. <:>JQ')l-]1611 \t0 } ~..2..1i'l.J..1 %~j~1 %~91 ~"-J-'f-11Eli'l.3IJ- %~1181i'l.~911Eli'l.% Y.711B4. :J..t.l.Jl 1-)-J.-1, 711°15. ~Q']l.f191 
Pl1~ %-31]-{l~i>}S:.~ {lt.lJ..}oj.:o::_ ~Eljo] ~-".:1:84. 

~71 {lt.lJ..}oj.:o::_ ~Ell~, 71]oj5_ ~ Q'] -'f-1~ {lt.lJ..}oj.:o::_ ~-".:] i?"~(Ni, Co, Ta, W, .!£~ Mo) 91 %-% %3fi>}.Jl, ~71 {)_ t-1 
J..}oj.:o::_ ~-".:l i?-~31]- 71]oj5_ ~Q']611 \}o}~~ lf--~%91 {lt-1~% ±%"5}~ ii'"~ {lt.lJ..}oj.:o::_~ ~-".:]"6"}7] -'f-lt-] {lt.lJ..}o]ca 
i?-:A.:J% y-6~i>}.Jl, ~7] *~j~1 %~91 ~~-'f-llf.li'l.% :X.~J..]7]71 -'f-1~ .liJ~~ i?-:A.:J% y-6~~..2..~~ ~-".3:<8.4. 
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t:iPll]J6l."§. ~~E.] A1l7-l~ ."§.~~1~ "5j-1Jt-}~ ~!>..£ .!;l..oj~ y ~..Q.u], ::1 B}l{-i?:- 71~9.] X.~i§. -¥-~6lt:f. PJl~ %% "5j 
.A.'jt-}~ Till]~ :§.~~lE-1 ~E!j(sidewall) lf.\'l.OJl PJl~% "5j.A.'jt-}~ lfr\'l.OJ], ll] 6l."§. %~.:%!]~ ~.A.'jt-}~ Till]~ ."§.~~lE-1 B}'f 
% li!!>..n], ~~~ %% "5j.A.'jt-}~ \1-lll~ ."§.~~1~ %~t-}ll] i§.q. ~~~61 ~~},}61.:=:.£ ljl-1_~~$171 tt11~ol], -"c)-7] :§.~ 
~1~ ~~},}6].:=:. ~~!>..£ ;<~~~:Al..Jl, PJ]~ jjJ6l."§.~ ~E!jlf.\'l..!flOJ] %6l~..Jl."§.~~lE.l B}lfOJl ~~ jj]6]."§. %~.:%!]~ li!~ 
q, 

~~E.] .!f-~i51]] ~\'l.OJ] u:}.S\'l., _!f-7~E-] PJ]~ %6]jj]6]."§. ~~o]] "5j.A.'j~E..£ 6]%- PJ]~jj]6l:§. T-~~61 "5j.A.:J!flt:f. 6] BJ-l{j 
OJP.i ll] 6]."§. ~~E.] ~~i51l] --¥-~..9..£--¥-E-i ~~ 0] .Ail7-lB~ ll] 6l:§. ~~E.] f~~ll.l]L~.Q..£.l]LE-i ~~ 61 .Ail7-l~Oi, 71~--¥­

~% x.~;,Pdt:l-. -"c)-71 7l~E-l x.~B -¥-~OJlllJ6l."§. %~.:%\17} "5j.A.:J!flq. A1l1PJl~ %51} A1l1~~~ %61Jllol:§. %~.:%11~ 
li!.:S::.~ "5j.A.'j~..Jl \!~ 3@\']::§:j- Bt:f . .Ail1PJl~ %E.l ~.lf--{t 6l ~:§:1-~.Jl 61 PJl~ ~;,} 61.:=:. % 61 A1l1PJl~ %51} .Ail 2PJl~ %% 
T-~-J1~q. All 2PJl~ %51} All 2~~~ % 61 "5j .A.'j ~.Jl \:!~ ~ B:§:l- Bq. ll] 0 l."§. ~ ~1-]lOJl;,i, .Ail 1 PJl~ %51} All 2PJ]~ %E.] 
J@B:§:l-B -¥--{t51J- .£.!¥- 1l~B -"cl-Fll£ ~~;,}61.::::. ~~61 "5j.A.'J!flt1-. 

jj]6l!fl ~~E.] oJ -¥-~%% li!~ All 3~~~ %% "5j.A.'jt-}.Jl, ~~;,}ol.:=:. "5j.A.:J PJ]~ %%.:2 .!flOJl %3ft-}.JI, ~~;,}ol.:=:. ::g­
:A.'J% y-5~%!>..£M] "5j.A.'ji§.q. ~~;,}61.:=:. ::g-;z,.'j.g_ .Ail1 ~.Ail 2~~~ %¥-E-1 ~ff- -¥-~OJ] ~~~~~51} All 3{l.~~ %E.] 
~~~ ~ ~~;,}61.:=:. "5j.A.'j Pjl~ %E.l PJl~% ..¥.%'5}~ PJl~ ~~;,}61.:=:.~ "5j.A.'j~q. %~-"11 ~~E.] ~~.!fl\'l.% .'I:.~"'l7l 
7l.!fl-5~ 1YJB:§:]- ::g-:A.:J 6l y-5~i§.q, PJl~51J- PJl~ ~;,}61.:=:.~ lll 6l."§. ~~..Q.£.l]LE-i -¥-~~.Q..£ A1l7-l~ 'T ~.Jl ut4"'1 PJ]~% 
%51} ~;,}61.:=:. %¥-.g. '(}1]~ %~.:%11 ~~E.] ~~.!fllf.\'l.OJl rJl-5~ ~,\i]6(recess) Bt:l-. All 3~~~ %.g. ~71 ~,~1]6~% 
~'5-}E..£ ~71 ~~J,}6l.:=:..:S::. ::19} ~01 ~,~116~ %~'5-}lllBt:l-. 

~~~E.] .!E. t:f-E ~\'l.OJ] u:}.S\'l. 7l~OJllll 6l."§. T-~~% ;.!-~ !fl-.:S::...:%11 .::£:.7.}7} All::g-i§.q. -"c)-71 .::i::A}E-jjj]ol."§. T-3':%-i?:- ~ 
71 {l.~B BJ-l{lOJl ut4 \1~ Pjl~ EE~ 61%- PJl~ l:J1.:%1llll 6l:§.£ ztzt .Ail~~ 'T ~q. 

~~~E.] ~;,lOll~ l:J1.:%1llll 6l."§. ::g-:A.:JE-j ~-¥-~!>..£ {l.~~ ~'(lt:il, t:iPl ~~~~~ ll] 6l."§. 6~ 01 7l~~OJl ,~il~:Al..Jl.::i: 

69} .:=:.t;1] '(} ~ ~ 61 "5j .A.'j B ~ A1l7-l B q, .:s:=.. 1A-¥-Ei .:s:=.. 1 c~ t:i Pl jj]ol."§. T~~E-1 7~ .R..:S::. '(} t:il, 0 l ~ ~ ~ ,\iP·i OJP·i {j_ ~ ~ 
~~~~E.] ~;,loJlE-1 ~~1J6lt:f . .:S::.1A~ T-~%(10)E-] 3@\'l..:S::..'(lt:il, p+ ~~~~~ l]]61:§.(11) 9} n+ ~~~~~ ll] 
61."§.(12) ~ ±%t-}.JI ~q . .:s:=.. 1AOJl .5:."'1!8.~ ~H:l, n+ 9} p+ ~ ~.g.1]~~FJ161J:9 61 T-~~.g. SRAM .::£:.7.}¥-0JP.i ~"5j 
~.Q..£ ~7,:!i§.q, ~:§:]-~ %(13) ~ HDP ~;,}ol.::::.(14) 7} ll] 0 l."§. ~~.!fl.£ %3f~.JI1YaB:§:l-~Oi;,i l]]6l."§. ~~(11,12)61 
X.~~ Sit:l-. (~~~E.] ~;,1 oJlOJP.i, 7.1-i?:-OJ];,i E.] ::g-;z,.:J% <Sq--§-t-}71 .!fl -5~ ~;,}61.::::. ~ ~ (14).g. BPSG .!I!.q~ HDP ~;,}61.::::. 
7} t:i B}'iJ<6jt-}q,) .5:. 1B ~ t:iPl jjJol."§. ~ ~(11,12)61 71~(1)% :J_.g_ .:§:1;.~ jjJ6l."§. ~;,}o].:=:, %(15) .!flOJ] ~.A.:J!fl~%.!;!. 

Cl:jf-..Jl ~~ ,~1]£BJ-"B"J \1\'J.£6lt:f . .5:. 1C~ t:iPl ~~~~~ jj]o]."§.E-j zt ~\'l.OJ] ~~ ~:§:j-~(13)51)- HDP ~;,}61.::::.(14)~ 
.!;!.ojf-~ 7}£BJ-"B"J \1\'J.£6lt:f. 

~7] t:iP]Jl]61:§.9} .:§:1;.~ l]]6]."§. ~;,}61.::::.7} .Ail7-lB ~' PJ]~ %(B}1}-3]~ ~%'1='-~ All::g-w 1-fr-£ %~~ .!f-7!]]£)6] ::1 ~51} 
~).~'5}~ ."§.~~]OJ] %3f~.JI, ~7] :§.~~1~ .:s:=..~~:A] ?j.g. ~~~~~51)- ~.g.~::@.~%~£ ;<~~~{lq, ~~~~~.g. Pj] 
~jj]6]:§.0J] ~~% jj]::g-t-}7].!fl~ ~~;,}6].:=:,£ l;Jj_~~ y ~q. 

~71 PJ]~ jj]6]."§. T-S:%.g. 6}iOJ]oJ] {l.~B l:J1£ 'Fzi-7J ~W'T-~ ;.!-~lit~ Pj]~ jj]6]."§. .!E.~ n+ 9} p+ jj]6]:§. ~~%% 
.!fl~ ;,i£ t:f-E ~W'T-~ ;.!-~ ol%- Pj]~ jj]ol:§.7} ~ y ~q . 

.Ai]l~.A]oJ] :\1~ Pj]~l:J1.:%1]ll]o]."§.(Single-metalreplacementgate) 

~ ~"']Ol]OJ];,i~, t:iPl ~~~~~ Jl]o]."§. T-~~(11,12)% 0] %~~ ::g-:AcJOJ];,i .Ail7-l~.JI, ~:§:1-%(13) ~ ~;,}ol.:=:.(14) OJ] 
l:J1~ {j_~.Aa% :Al\:l.£~ Jli~~ ::g-:A.'j6] ;,}--§-~ 'T ~q. 6] ::g-;z,.'j.g_ ~7] .:§:1;.~ ~;,}o].::::. %(15)% x.~;,]7l..J16l-3J. EE~ All 
7iBt1-. u:t4;,i, 5.~~](20)~ ~:§}%E.] ~E!j(l3a, 13b)51)- B}l{OJ] 7]~(1)E-j x~B --¥-~!>..£ %7!]] "5j.A.'J!flt1-. J..~£,9:-l]]6l 
."§. %~.:%1](25)7} x.~B 7]~.!flOJl %3f::g-:A.:J6]1-} 'ill.~ ).~7-J- ::g-:A.:J(thermal growth process) OJ] E-]-5~ "5j.A.:J!flt1-. %zt PJl~ 
%Cconformallayer of metal, 26) 61 :§.~~lE-1 ~E!1%51J-ll] 6l."§. %~.:%1](25)~ li!!>..\'l.;,i ~~~ %.Q..£J,i %3fBt1-. ~ 7] 
if~6]:E-j ~~B 7]if:A}% 6 l]ll] o]-5~~~B}9} ~6], ~71 %(26)E-] .!f-7!]]9} ~.A.:J(composition).g. Jl.nJ-~~ ~"W-'1='-~ A]j::g-t-} 
.5:.~ {} ~Bt:f . .5:. 2A9} .5:. 2B~ Pj]~ %(26)o] %3fB ~ T-S:%E-] ,\1]£ BJ-"B"J51j- 7}£ BJ-"B"J ztztOJ] l:J1~ \1\'J.£6]q, 

.:s:=..~~:A]?j.g. t:f7,§_7..'j~(polycrystalline) .!E.~ Bl1i~(amorphous) {I~~E-1 ~~~ %(31)o] ~7] ."§.~~](20)~ -'<~%1-il 
% %~~ .!f-7!]]£ ~71 %C26) .!fl£ %3l-Bt1-. ~71 %(31)E.ll-]1-¥- ~.A.:J.g_ ~~E-1 :§.~~1 %~% .Ail::g-t-}.:s:=..~ {}~~~111, 

oJl~ ¥-\'!,~~~~~51} BJ:Aa~ ~~~E-1 ~~61 B}W-31~ %~ ~.Aa% ;.t~t:t~-3161 m--&1:;$,4. ~71 %C3151J- 26).g. B} 
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'if:3]TI-}71]:C CMP 01] 9l%~ ~lfr§j-:£]JI. uj-?}.Ai -?}7] ~.A}6]E. q;)Q:j(14)-& 4A] x~:£]JI. ."§.~7-] %~ %~9-J £1-?J-.<fl\'! 
(31a)-& .=:L~Jit %~11a\'!-?J-01l .'f17-JTI-}711~4 . .=:I ~31} T-5::%-& s:. 3A(-"~J~llJ-'8J \1\'!) 9} s:. 3B(7}~llJ-'8J Bli1) 011 s:..A]:£1 
Di ~4. 

6]-"9=-01] ~Cl.A}6]E.ir ~.A.:jTI-}7]01] :3J1l~ lii]~9.J ~~~ %-(41) 6] "5':31-~4( S:. 4A,4B). 6]1il]~-& Co, Ta, W, Mo EE:C 
(l:l}if{:3]TI-}71]:C)Ni 6] ~ 'T ~4. 6]-"9=-01] ~C1A} 6]E. .:g.;;z.:j 6] ~.A]:£]JI.(7H]~.A}%J--& '3-%~ 7]~~6]:01]Ai .:g.:A]:£10i~4), u} 
?}.Ai -?}7] ."§.~7-l %~ %~-& ~C1A} 6]E-(51)~ ~~~4. -?}7] T-S::%.91 ~?)J £1-?J-.<flli.'!% 4.AJ x~.A]7]7]-'fj%~ EE4-E 
~lfr§j- .:g.;;zj6] ~<>~~4(.5:. 5A 9} S:. 5B {l-3':). u}?}.Ai -?}7] t:iP] 71]6]."§. T-5::%-& ~Cl.A}6]E. ~1:'!j0] ~:C \1~ lil]~ 71] 
6]."§.al] 9l%~ rJ1~]~4(S:. 1C9} S:. 5Bir l:l].:W.) . 

.A1]2 ~.A] oJ] : 6]% lil]~ rJ1 ~] 71] 6]."§.(Dual-metal replacement gate) 

~ ~.A]oJ] 61J.Ai:C, -?}7] t:iP] p+ ~ n+ ~Cl~Cl~ 71] 6]."§. T-5::%6] 7~~?;j.Q..~ ~]7-j:£]JI., 6]:C ~Cl~Cl~ T-S::%.91 P}~ 
7c)6] A-1]7-j:£]:A] ~% 5!% :W..fL~~4. S:. 6-& -?}7] p+ t:iP] 71]6]."§.(11).91 P}~7JJI} -?}7] n+ t:iP] 71]6]."§.(12) ~ ~01] ~ 
'B -?}7] §j.A~ 71]6]."§. ~.A}6]E.(15)91 .A1]7-j9} -?}7] P}~.::::Z.El A-117-1 --9=-9-J T-5::%% S:..A]TI"}JI. ~4. u}?}.Ai 7]~(1) .91 ~Jf-~ 
6] x~:<90i ~4. ~~~ 71]6]."§. %~;;~1] %-(75) 6] "'a~ EE:C "5';3f:£]JI., ~~~ lil]~ %-(76)6] .=:L_<f1 6 l] "5':31-~4(.5:.7). 

S:.~:£j:A]~-& 4~;;za~(polycrystalline) EE:C l:l]:Aj~(amorphous) ~Cl~El ~~~ %-(81)6] -?}7] %-(76) .<fl.£. "5':31-~4 . 
.A1]l~.A]oJ]01].Ai9} ~01, -?}7] %-(81).91 ~"'a-& £1:3JE1 ."§.~7-] %~% ~].:g.TI-}.5:.~ ~1:'!J~4. -?}7] T-5::%-& t:iPJ 71]6]."§. 
(ll)ir 4.A] x~.A]7]7]-'fj%~ 11Jlfr§j-:£]..JI, u}?}.Ai %~%~(81).91 £]-?}-'f11{!(8la)JI} %~ 11ali1-?J-01] ~711~4. 11Jlfr§j- :g.~ ,g. 
oJlir %\'! ~Cl/l=l]:Aa~ ~Cl~El CMP 9} ~,g. TI~ Till]l-]J01]Ai ~<>~:£]:Cr~], ~Cl~Cl~ 71] 6]."§.(11) .91 .R\'!9.] ~~77}:A] 
-?}7]1il]~ %-(76).91 CMP ir ll]4fTI-}\'!.Ai ~<>~~ 'T ~4. 4-E llJ-~.Q..~:C, ~1fr§j-.:g.;;zj6] 4'- Till].£. ~<>~.£]:Cr~], oJ]ir% 
\'!, ~Cl~Cl~ 71] 6]."§.(11) ir litJI. ~:C lil]~ %-(76).91 ~~77}:A] ~Cl/l:l]:Aa~ ~Cl~El CMPir TI-}JI., 0]-"9=-01] ~7~911il]~ 
.A1]7-j .:g.;;zj% "f-<>~~4. 11Jlfr§j-.:g.;;zj 6]-"9=- T-5::%-& S:. 801] S:..A].£1~4. 

-?}7] T3':%-& -?}7] t:iPJ p+ ~Cl~Cl~ 71] 6]."§.(11).91 .A1]7-jir <5j-§-"5"}.5:_~ P}~7d~4. -?}7] t:iPJ p+ ~Cl~Cl~ 71] 6]."§. 
(ll):C \f6}~:C §!"'~ 71]6]."§. ~.A}6]E.(l5) 9} Wll1] .A1]7-1~4. -?}7] §!"'~ ~A}6]E.ir ~]7-jTI-}:C%~, -?}7]1il]~91 ~E!j 

(76s)% litJI.~:C -?}7] 71]6]."§. %~;;11] %-(75).91 ~Jf-~6] :!£~ :A1]7-1~4. S:. 9:C -?}7] P}~.::::Z.7} A-117-1-"iJI. -?}7] Till]%% 
7-1~$1.91 T-5::%% S:..A]TI-}JI. ~:Cr~], lil]~ ~E!J(76s) 6] x~-"iC>i ~_g..% 'T-.91%~ 6]: ~4. 

{}§]- .:g.;;zj-& -?}7] x~~ ~Cl~ .R\'!% _<f101J.Ai ~<>~.£].:£.~, ~.A}6]E. %-(85)6] 7]~.91 x~~ Jf-~01] ~.A.:j.£jJI. ~.A}6]E. 

(86)7} ~Cl/BJ:Aa~ ~Cl~ %-(81).91 .Rli'!.'f101l ~"'a~4. -?}7] -<±§1- :~;z.;;z.:J.,g. ~~zq..2..~ ~ 9oooc 77}:Al9.J RTA(rapid 
thermal anneal)ir .:Y:.WTI-}7] u:Jl~01], ~.A}6]E. %-(95)-,g. lil]~ %-(76).91 -?}7] x~~ .R\'!.<f101] ~"'a~4(S:. lOA {l-3':).-?} 
7] 6]% lil]~ 71]6]."§. 6}?)J ~'B -?}7] 71]6]."§. %~~] %-(88)-& -?}7] %-%(75 '3:1 85).91 ~~6]JI. ~7~9.] Bll]01]Ai ~.A.:J!fl4. 

S:. lOB 01] S:..A]~ 1:l}9} ~6], 4'-~~11 ~~~ lil]~ %(96) 6] "5':31-!84. 6]~.91 Bll]01]Ai9} ~0], 6]i:i~ ~~~ lil]~ %- .<f1 
011:c s:.~.£J:AJ~.,g. 4~:Aa~ EE:C l:lJ:Aa~ ~Cl~ %(91) 61 "5':31-!84. -?J-71 T-5::%-& s:. 11AC-"~J~llJ-%J: B\'!s:.)9.} .:s:. llB 
(7}~llJ-%J: \1\'!.5:.)01] S:..A]~ -?}7] T-5::%6] {1-~.£].5:.~ ~lfr§l-~4. S:. llA ~ .:s:. 11B9.} S:. lB~ S:. 1C911=l].:W.:C, ZfZf 
-?}7] t:iP] 71]6]."§.9.} §j.A~ 71]o]."§. ~.A}6]E.7} 6}?)J01] ~'B 71]6]."§. %1J.;;i1]ir 7}~ 6]% lil]~ 71]6]."§.~ .JlL;;\1]:£1~%% ]il_cij-'T 

..JI~4. 

-?}7] 71]o]."§. q;JQ:jo] -?}7] ~§]-% q;)Q:](l3)3I} ~.A}6]E. q;)Q:j(l4)al] rJ1%~ Cl-"~]~ .£171]TI-}:C a]]7-]~ .:g-~0] ~<>~~4. ~TI-l,~ 
Cl~ %%(81,91)-& -?}7] ~.A}ojE_(l4)01] rJ1%~ Cl-"~]~.£)JI., lijj~ ~A}6jE.(95) 9} lijj~ %-%(76,96)-& -"J-7] {).Cl~ %-% 
(81,91)01] rJ1%~ c.l-"~]~!84. ~ 7]~~6]:01]Ai ~~~ :A}%01]71] 6]%~.£l:C l:l}9} ~0], "f-7~.91 7}~~ 01]7c) .:g.;;z.:J%6] A}%~ 
"f- ~4. -?}7] 01]7-]~ .:g.;;z.:JEl ~JI}:C S:. 12A(.A~]~llJ-%J: \1\'!.5:.)9} S:. 12B(7}.£.llJ-%J: \1\'!.5:.)01] S:..A].£1~4. 

4~:A.:j~ {).Cl~El ~~~ %- 0 ] "5';3f.£]JI., u}?}.Ai '?14;'- {).Cl~ %-(98) 6] -?}7] 6]% lil]~ 71] 6]."§.ir lit:C4(S:.l3). 0 ] %-& 
RIE EE:C CMP (EE:C %.91 3':~) 01] 9l%~ ~lfr§l-.£10i.Ai ~§]-% %(13) .>!} ~A}6]E. %-(14).g_ 4.A] x~~4. -"J-7] ~31} T-
5::%-,g. S:. 14A(-"~].£.llJ-%J: \1\'!.5:.)9.} S:. 14B(7}~llJ-%J: \1\'!S:.)al] S:..A] .£] ~4. 6] :A]~01]Ai -?}7] 0]"5' lil]~ 71]o]."§.:C .=:I£] 
-?}.<fl\'!o]-?~.91 %~;;11] %~%.>!} %~ lijj\'!-?}01] ~:C {).Cl~El oJQ:j 6}?jj.£. c.l-"~]~.£1~4(.5:. 14B, S:.l1B9} l:l].lli). 
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%~~"51 10-0613068 

~:cjA}o]E_ ~.Aj lij]~91 ~~~ %-(101)o] ~7] -T~%oJl %3]-50]-c-r~l, ojlij]~,g. Co, Ni, Ta, W, .!E.C Mo ~ "5}1-}7} ~-? 
~j]_l:l}if}3]"t}jj].C Ni o] ~-? ~q. ~:cjA}o]E. ~;Ajo] ~"5~50j.Cr~l, -'c}-7]1ij]~ %-(101) 51} -'c}-7] ~'21~ %-(98) %q ~~ 
~ ~:cjA}o]E_ %-(110)% ~.Aj~q. ~:cjA}o]E_ %-(110)0] ~1\1~50]0-j ~~% %-(13)51} -*-"}o]E_ %-(14)0] l:}AJ x~-B_ 
q, %71 ~51} -T~%,g. 5:. 16A(;,~j£BJ-"5'J: Bli15:.)9} 5:. 16B(7}£BJ-"5'J: Bli1S:.)oJl S:.A]50j~q. 

-'c}-7] ~;,~]~ Blll%91 'i!:--"1(~~~ %-91 %3]-51} 0]+ ~1\1~ .!E.C oJ]?l~ Jlj-;Aj).C ~7] .:§.~~19-J "Gjl:l]7} 70nm .!E.C J. 0] 
"5}0]t:it!}S:., -'c}-7] jj]o].:§. 6 ll 91%~ 1:1%-"8 .:§.~?.](~, -"1£ P}'T.!i!..C ~~% ~'t!j%(13a,13b) A}o]91 ~Z})~ -'<H-7loJ] %-~ 
"t}q.C ~ o] 3fo] :U:J7}~ ~ o]q, 

.fl:. ~Al oJ]oJ]-"1.C o]~ Jij]~ jj]o]E_ -T~%o] ~:cjA}o]E. ~l'Jl% },!-5:.~ ~.Aj-B_q, .!£~ -'c}-7] -T~%% .<f1~ ~~% 7Jl %­
% fil]-t'-TI"}.C~ 0]1:1}if}3j"t}9, 0].Clijj~ojl-j- ~:cjA}OjE_oJj Od-5'J:% 2f"7-J f>J'j]_ 0-j'@_ "cJ% W-? ~jjj ~q, ( l:l}if}3j~ {j_Aj oJj 
oJ]Ai, ~7] ~:cjA}o]E..C NiSi 2 ojjl -'c}-7] 0-]'@."c),g. ~.Aj7}.!.:: 1-]1oJ]A1 o].>f-0-]~q. Jij]~ jj]o]E_9} jj]o]E_ -*-"}o]E_ A}o]9-j 
JJ} 0cl ~A~ ;~~]7-]"5}7] .'f1%~ ~~% 7Jl.JJ} W7lll400°C 9.] ~.Aj7}.!.::1-]1oJ]-"1 o]'@"cl 0l -"}%~-? ~jl, u}t!}A1 {t-12j ~~91 ~ 

~~ BJ-7-]W-? ~q.) ~~% 7Jl %-(120),g. 5:. 17A(A~]£BJ-"5'J: Bli15:.)9} 5:. 17B(7}£BJ-"5'J: Bli1S:.)oJ] S:.A]-"8 1:1}9} {fo] ~ 
~~ %-.2..£-"1 %3]-~-? ~q . .!E q.e BJ-~.2..£., -'c}-7] ~:cjA}o]E_ %-(110),g. :cj;,~].!.:: ~-? ~.2..9(5:. 18A, 5:. 16B9} l:l] 
.JiL), u}t!}A1 ~~% %-(120),g_ -'c}-7] :cj;,~j.!.::~ -'<~%-? ~ q(S:. 18B). ~~% %-(120),g_ :U:Jl\1~ ~-? ~jl -'c}-7] ~ :cjA}o]E_ 
~l'Jll:l}£. -'f1oj] ~.C .!f-~%1-fr \tll]Bq(S:. 18C). ~7] ~~%%-,g. ~7] o]~ lij]~ jj]o]E_9} ~:cjA}o]E_ ~l'JloJ] 1:]1%~ 7.} 
7] 11 ~(self-aligned) Bq . 

.fl:. ~t:§ 0] ~~~~A] oJl~ %%~ 11 t:§50] ~7-]tfr, ~~ -'c};,~j~.AJ_ t:§91 ¥!-1:] oJl-"1 ~U11 -?~if ,g. 1:]1~%, ~ ~% ~ ~~%0] .fl:. 
7]1f~ 0):9.] ~~B 7.}%oJ]ll] t:§l!lJW ~ 0]'21-.C 1:],g. ~l:§"t}q, u}t!}Ai, .fl:. ~t:§,g. .fl:. ~t:§.Jlj- li%oJl 0]0-]7-].C iJ-T-5'J-%9-J 
7]~9} ~.'f11-J1oJl ~-c £~ rl1'li%, ~~% ~ ~~%% C'fWTI"}j]_?.} ~q. 

~%11t:§~~9l-:Q-~,%~B~.!E.C~~~~r11~~~E.-T~%%}!-.C~s:.~±~9-J~~%~~:c1~~~JJ}~ 
~~A]7]j]_-'f-11 ~*~ ;~~]0-j"t}.C o]1:] 0] ~.2..9, ~7] -T~%oJl ~:c1-"} 0]E. ~l'll% ~.AjW ~~. 1:]1~1 ll] 0]E. ~11oJl-"1 
~;,~"t}.C LJ.Jcl o]:>:!l)E-9} ~,g. {t-;~~]~ ~~"t}.C o]1:Jo] ~q. 

(57) il -T-91 ~ -'f1 

7]-\'1(1)-'f1oJl jj]o]E_ -T~%(10)% }!-.C ~5:.~] ±7.}~ fil]~"t}.C BJ-~oJ] ~0-]Ai, ~7] jj]o]E_ -T~%,g. 3'1%-'f1 .Rli1% }!-.C 
%~~1 %~oJl ~HlCadjacent)"t}j]_, ~7] BJ-~,g., 

-'c}-7]1ijj~ %-9-J ;~~j1Jf-~JJ} -'c}-7] ~:cj~ %-91 ;~~]1.!f-~% fi]jjj"t}O:j .AJ-7] %~~] %~9-J 3'1~-'fl J±.li1°] x~50jjl ~7]1ijj~ 
%-9-J ;~~]2.!f-~JJ}%7] ~'21~%-9-J ;~~]2-¥-~ 0] -'c}-7] ll] 0]E. OdQojoJ] \t0}~j]_~7]3'1~-'f1 J±.li1JJ}%~ ~li1~oJl ~.CJ±.li1 
% Y s:. ~ TI"}.C B lll9l-, 

-'c}-7] jj]o]E_ oa QojoJ] ~7]1ij]~ %-9-J fill 2-¥-~.JJ} ~~~ %El]oJ] ~-c ~:cjA}o]E_ ~l'Jl(silicide contact)(51)% ~.Aj"t}.C B 

lll 
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%~~"51 10-0613068 

-'.:J-7l1J.:c.j~ %-(31)21 -'.:}-71 A~l 21f-~211J.:c.j~:ilj- 1J.:c.jA} 0 l-"=. "8j.AcJ Pll~ %-21 Pll~% ±Wt-}.C Pll~ 1J.:c.jA} 0l-"=.~ "8j.Ac]t-} 
71 ..<fH11J.:c.jA} 0 l-"=- -t,I-:ozcJ% "T-"Et-}.C \11!19}, 

-'.:}-71 Jllol.:§. Od~oJl ~.C %~% A~l7it-}.C B-i!l.C ~l:!J(sidewall)%51} l:l}~(bottom)- .AJ-7ll:l}~.,& -'.:}-71 71-¥!:-21 -'.:}-71 J:.* 
-B -¥-~~ -% ?(.C .:§. iill~l(trench)(20)~ "8j .AcJ t-} .JI, 

A~l1 Z>J-oJl ~o-jJ.i, -'.:J-7ll&£:;iil :::i:.A}.C ~~1°111] -'.:J-oJl Ail3':S'].JI, -'.:J-71 Pll~ %-% "8j.AcJt-}.C -'.:J-71 \:1-i!l.C .Jc)-71 ~~1°111] .Jcl-oJl ~~ 
~(blanket) Pll~ %-% "8j.Ac]t-}.C B-ill~ ±Wt-}uj, .Jc)-7l1J.:c.1~ %-% -8j.AcJt-}.C B-i!l.C .Jcl-71 ~~1°1111 .Jcl- 0 11 ~~~ 1J.:c.j~ %­
% -8j.AcJt-}.C 111111~ ±Wt-}-c 1&£5\Jl :±..A} All3': 13J-lil. 

7l-¥!:-(1)..<f1oJl J]Jol.:§. -T-3':%(10)% ?(.C l&S:.:;i~] :±..A}~ A~l;<:t-}.C 13J-liJoJl ~o-]J.i, .Jcl-71 71] 0 1.:§. -T-3':%.,& ;i].Jc)-..<fl .Rli'!% ?(.C 

*~:;iil %~ oJl <j 1l t-} .Jl, .Jc)-71 13J-liJ.,&, 
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- 8-

"6 {'.g..z!:.~ 

"l?t-frt T[~Y: {;::y [l~:'l{Ft 'IQ ow ~:l:i 'M_ 'q '0:) '~N ~(101)-i'§.[[n ~y[?g :i[o{Yl£=;[7 [Li'(,.- 'kk>fo [lo{'.<?.L [~y: 

·g {'.g..z!:.~ 

. l?t-frt T[~Y: {;::y ll~:'l{Ft ~{.g.% it ~:1 ~ 

[[i{l ~{.@~~ %~-£t-{g:-@.& ~~[6-[L[~[Y~::Il %f,'i1f l6-i9.--l'g lotz{t [[¥:"(i:-iJ- [Li'(,.-

'folli.P ~{.g.~g~ %~:.--:-& ::t[o{yl£=;[7 %l6- [L{.g.~y[?g ~:i[o{yl£=;[7 -i'§.[ln ~{.g.% 
it %-l'§.lln to% -i'§.[ln ~v[?g ::t[o{yl£=;[7 {rr:?£lz:;fy to% ?£lz:;[78 [~Y: ift.:afit-Z [l¥ to% ?£lz:;[7Z [l¥ '.:afit-Z [~Y: to% 1£lz:;[71 [l¥ 

'folli.P ~{.@{?% %(101)% -i'§.[ln fy[?g :i[o{Yl£=;[7 [lo[6-% ?£lz:;[9-8 [~Y.' [Li9.--

'{o[[ifi ~{.g.~y[?g %(86)% ?£lz:;fy 8 [~Y: ~~ %-ilfifZ [k toi'ofo 3[o[li [L-{?r {rr:.:afit-1 [~y: toi'ofo 3[o[[i [L-{?r 

'~lli.P ~{gfy[?g %k3.1£ :i[o{ylz:;fy [Li9.-- 'kk>fo [lo{'.<?.9 [~Y.' 

'L -t~.z!:.~ 

'l?t-frt T[k {;::-y [[¥::'1{Ft ~{.@%it~ 

lli .p ~{g. ~y [?g % 
lt3.1£ :i[o{ylz:;fy ~fo [lo[l3.i9,.- %~~ {rr:.:;lfifZ [l¥ to% -i'§.[lnZ [l¥ [Li'(,.- ift.:afifZ [~Y: to% -i'§.[[n1 [~Y: [L-{?r [loi'ofo 3[o[[i [Li'(,.-

'folli.P ~{.g.*:s:-.[2: %1i'i1f ~fo llo-&-1i'i& 
fo%{rr:j;'i1f [6--{?r~ [Li9.--Kfo{o{\ [loi'ofo 3[o[[i [Li9.--lo-ilf-kZ [~Y: to-%?£lz:;fv-Z [l¥ [Li9.--{rr:.:af-kZ [~Y: to-%-l'§.[[nZ [~y: [Li9.-­
Kt;s:~::rt[oj;'i1f f-&--{?ri'g totz{t [[¥:"[i:-iJ- [Li9.-- '[o{.g.ft:'[~Y: %-ilfit-1[[¥: to% -i£lz:;fyZ [tY: [Li9.--{rr:.:af-k1[l¥ to-%-l'§.[[nZ [tY: lLi9.--

'{o[[ifi ~{.g.~y[?g %(16)-% ?£lz:;[7Z [l¥ ~~ %% -i'§.[lnZ [l¥: [Li9.--

'{o[[ifi ~{g[Y[?g %(96)-% -i'§.[lnZ [tY: ~~ ~[[¥:[i:-iJ- 3[o[liZ [k [L-{?r 

'folli.P ~{.g. ~y[?g %(96)% ::1 [o{Y~ [lo [6-.:;lfif ~ fQ &~::It lLi9.-- to% -i'§.[ln 1 lk [Li9.--

'{o[[i{l ~{.g.~y[?g ~(98)[l~"[i:-iJ- 3[o[liZ [l¥ [lo[6-.:af-kZ [l¥ f5~::rt [Li'(,.- to-l.l\:[L [Li'(,.-

'{o lli.P ~{.@ f£ [~Y.' % [Z{t ~ fo 
[lo.:afifZ [~~ toi'ofo 3[o[[i [Li'(,.- [1gb!; [L[~[y~::r;- %-ilf-k %~[0 [lo-% -i'§.[[n1 [~Y.' [L-{?r K[~[Y~::Il %-ilfifZ [[¥: to-l.l\:[L [Li'(,.-

'to lli.P ~{g * :s:-.[2: % 1i'i 1f ~ fo lloi9.--1i'i & 
fo%{rr:j;'i1f b!>i9.--~ [Li9.--Kfo{o-t\ [loi'ofo 3[o[[i lLi9.--lo.:af-kZ [k to% ?£lz:;[71[tY: lLi9.--{rr:~-kZ [l¥ to-%-l'§.[ln1[k lLi9.-­
Kt;s:~::r;: [oj;'ijf l6-i9.--i'?' totz{t [[¥:f>i:'iJ- [Li'(,.- [o{gft:'[k%-ilf-k1[~Y.' to%?£lz:;fv-1[l¥: [Li9,.-{rr:.:;lfif1[l¥: to-%-l'§.[ln1[k [Li'(,.-

'{o[[ifi ~{.g.fy[?g %(18)-% -i£lz:;fy1 [~Y.' ~~ %-% -i'§.[[n1 [k [Li'(,.-

'{o[lifi ~{g~y[?g %(9L)% -i'§.[ln1 [l¥ ~~ ~[l~[i:-iJ- 3[o[li1 [l¥: [Li'(,.-
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.Jc)-71 fllol.'§. OJQoj91 ~111]'-~011 ~-\=- %~% .Ail7i"6"}-\=- \1711-\=- ~lij%:ij-l:l}q-.Jc)-7ll:l}q.£:- .Jc)-71 7lJI!-91 .Jcl-71 X:~¥[ .Aill 
-¥-~~---& ~-c .Aill.'§.tffi~l{t "3j.Aa"6-}.:il, 

%71 lll 0 l.'§. OJQoj91 ~1 21]'-~ 011 ~-\=- %~% .Ail7i"6"}-\=- t:l-lll.C ~1!J%:ij-l:l}q- %7ll:l}q.£:- %71 71%91 %71 X.~¥[ ~1 2 
-¥-~ ~ - % ~-c .Ail 2.'§. tffi ~1 {t "3j J8 "6"} .:il, 

~1 6"8"J-01l ~0-]J.i %71 ~.:S:.:~ll ::i:.A}-\=- ~~l 0l:sEl%0llJ.i .AilS:s=].Jl, %71 .AillPJlW:-% "3j.Aa t:!lll.C %71 ~~l 0l:sEl%01l .Aill~~~ 
PJlW:- %% "3j.Aa"6-}.C t:!lll{t ±w-"6-}.:il, %71 ~1 Blc.l~% "3j.Aa t:!lll-c .AJ-71 ~~l 0l:sEl%01l .Aill~~~ {lc.l~ %% "3j.Aa"6-}.C 
t:l-lll{t ±w-"6-}.:il, %71 ~1 2PJlW:-% "3j.Aa t:l-lll.C %71 ~~l 0l:sEl%01l ~1 2~~~ PJlW:- %% "3j.Aa"6"}-\=- t:l-fll{t ±W"6-}ui, %71 
~1 2{lc.l~% "3j.Aa t:l-lll.C %71 ~~l 0l:sEl%01l ~1 2~~~ {lc.l~ %% "3j.Aa"6"}-\=- t:!lll{t ±W-6"}-\=- ~.:s:.~l ::i:.A} .AilS: tlJ-Jfl. 

~1 6"8"J-01l ~0-jJ.i, {j_c.]J.} 0 l.E. ~12j% "3j.Aa"6"}-\=- \1lJl01l ~},i, .Jc)-71 .AillPJlW:- %91 ~1 21]'-~, .AJ-71 ~},}OlE.% 'Jl .Jc)-71 ~1 2 
PJlW:- %91 %71 ~1 21]'-~ol %71 ~.Jc)-q] 111?1011 rJ1%Jl c.l-"il~(recess) s=].:S:.~ PJlW:-:iJ- PJlW:- ~J.}0l.E.{t .Ai]71"6"}-\=- t:l-lll{t t:i 
±W-6"}-\=- ~.:s:.~l ::i:.A} .AilS: tlJ-Jfl . 

.Ail 7%J-01l ~0-]J.i, {lc.]J.}0 l.E. ~12J% "3j.Aa"6"}-\=- t:!lJloJl ~J.i, %71 .AillPJlW:- %91 ~1 2-¥-~. %71 ~J.}ol.E.% 'Jl %71 .Ail 2 
PJlW:- %91 %71 .Ail 2-¥-~01 %71 ~.Jc)-q] 111?1011 rJ1%Jl c.l-"il~Crecess) s=].:S:.~ PJlW:-:iJ- PJlW:- ~J.}0l.E.~ .Ail7i"5"}-\=- t:!lll~ t:i 
±W"6-}ui, 0 101191%11 %71 lll 0 l.'§. oa Qoj01l c.l-"il~{t iiPa"6-}.:il, %71 .Ail 3{lc.l~ %--& "3j.Aa"6"}-c t:!lll-c %71 c.l-"il~{t %~"6"} 

-c t:l-lll{t ri ±W-6"}-\=- ~.:s:.~l ::i:.A} ~15: tlJ-Jfl. 

~ll2"8"J-oJl ~0-jJ.i, .Jc)-71 {j_c.]J.} 0 l.E. ~12J% "3j.Aa"6"}-\=- \1lJl-\=- .Jc)-71 {l_c.]J.}Ol.E-7} .Jc)-71 c.l-"~1~~ %~Al7l.:S:.~ "6"}-\=- ~.:S:.~l 

::i:.A} ~1 5: tlJ-Jfl. 

~l6%J-01l ~0-]J.i, %71 {lc.]J.}ol.'§. ~1'll91 "3j.Aa t:l-lll ~011 %71 lll 0 l.'§. OJQoj% ~-\=-~:§]-%%(nitride layer)(120)% "3j.Aa 
"6"}-\=- Blll~ ri ±W-6"}-\=- ~.:s:.~l ::i:.A} .AilS: tlJ-Jfl. 
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%~~<51 10-0613068 

~l 6<5J-oJl ~6-]l-i, -1}7]1l_~J-}o]::::_ ~12J 0] -1}7] ~-1}-'f-llfli'!oJ]l:J1-5H ~All~.'{]_ *oJJA-t -1}7] 711°].§_ 08~1-}]oJ] ~All~~~ 
.Aa "5} .Jl, 

%~~%-'f-llfli'i%~*~~%~~~%%~~~~~%~~~~~~~~.Jl-1}~~%-'f-llfli'i~%~~li'i%~£~ 
"5}-c ~~~ .:-g.:Aa~ 'T- 15~ u::z11 

7]%(1)-'f-loJl 71101.§_ T-3::%(10)% ~.C lfr£;%11 .l:.A}oJl ~6-]J-i, %71 71lo].§_ T-3::%_g.. ~-1}-'f-llfli'!% ~.C %~;%!] %~oJl 
~~"5}.Jl, -1}71 .l:.A}.C, 

%71 till~%~~~{} %ElloJl ~.C -Ailfli'!Clower surface)~ -1}71 ~%-'f-llfli'i~ %~ ~li'i%oJl ~.C .Jllfl?i(upper 
surface)% ~.C 1l_~J-}o]::=:. ~~(51) 

~l16<5J-oJl ~e>-1"'1. %71 71loJ.§_ aa ~_g.. l:l}J:'f~ ~l!J%% ~-c .§_iffi~l~"'i ~~7-H~.Al.Jl, %71 711°1.§_ %~;%Jl.C %71 .§_iffi 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
Methods of Forming CMOS Transistors with High Conductivity Gate 
Electrodes 

First Named Inventor/Applicant Name: Jongwon Lee 

Filer: Grant J. Scott/Candi Riggs 

Attorney Docket Number: 5649-2985 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Utility application filing 1011 1 330 330 

Utility Search Fee 1111 1 540 540 

Utility Examination Fee 1311 1 220 220 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1090 
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Electronic Acknowledgement Receipt 

EFSID: 8802913 

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/Candi Riggs 

Filer Authorized By: Grant J. Scott 

Attorney Docket Number: 5649-2985 

Receipt Date: 09-NOV-201 0 

Filing Date: 

TimeStamp: 17:29:20 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1090 

RAM confirmation Number 4136 

Deposit Account 500220 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Document Description File Name 

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

145195 

1 Transmittal of New Application Transmittal.pdf no 1 
a71 d61 f9879254 712873514cd533438360e 

03201 

Warnings: 

Information: 

2074544 

2 Application.pdf yes 20 
1 f184909efa3b6e62854cb2083743f1 e67fb 

2478 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 14 

Claims 15 19 

Abstract 20 20 

Warnings: 

Information: 

762580 

3 
Drawings-only black and white line 

Drawings.pdf no 19 
drawings 

754 7550aa68d7c11 b53126a5de5ce 73d61f 
6d83a 

Warnings: 

Information: 

382843 

4 Oath or Declaration filed Declaration.pdf no 6 
1 aS aa23cfa5 bc890 7 44d e99ef2468cd4d0 7 

c389 

Warnings: 

Information: 

315939 

5 IDS. pdf yes 3 
9fdded90db8900a4d00e1 ca0637adb06c1 

dd8f7 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 2 

Information Disclosure Statement (IDS) Filed (SB/08) 3 3 

Warnings: 

Information: 
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928939 

6 Foreign Reference JP2002329794.pdf no 8 
b2cb91 e8aca25cb09fbef367a5c4190ee407 

65e7 

Warnings: 

Information: 

1427763 

7 Foreign Reference JP2005197748.pdf no 15 
Occc4d7d719dce9f64dcabd349edf750db0 

b6b74 

Warnings: 

Information: 

2410610 

8 Foreign Reference JP2006351580.pdf no 19 
7 db 1 f2d e6652 7965 af085 3 e88f c8b 7 e 534c2 

e76a 

Warnings: 

Information: 

1858288 

9 Foreign Reference KR102006012995~pdf no 20 
f9d55fc04 7ef039bb2028784a859fcc4bf117 

9c1 

Warnings: 

Information: 

732035 

10 Foreign Reference KR1 020020075732.pdf no 12 
ee49e0b79a28d79045ff6ac0c7f4ccedb5a5 

1469 

Warnings: 

Information: 

1527323 

11 Foreign Reference KR1 020050073541.pdf no 22 
9cecf2996c92391 0196c5aa96afae363058f 

1b8 

Warnings: 

Information: 

863219 

12 NPL Documents Steigerwald.pdf no 4 
083cc78a4 725d30e80595ab02b 16c019426 

4811d 

Warnings: 

Information: 

32879 

13 Fee Worksheet (PT0-875) fee-info. pdf no 2 
e9ae02a4345ffa3ae949ca256a7fa701515e 

edc 

Warnings: 

Information: 

Total Files Size (in bytes) 13462157 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
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/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
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 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) 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 (12-04) 

Date: 11/09/10 Approved for use through 713112006. 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 OMS control number 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Fonn PT0-875 12/942 763 

APPLICATION AS FILED- PART I 10907659 
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 
BASIC FEE N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

N/A N/A 330 
SEARCH FEE N/A N/A N/A N/A 540. 
(37 CFR 1.16(k), (i), or (m)) 
EXAMINATION FEE 

N/A N/A 
(37 CFR 1.16(o), (p), or (q)) 

N/A N/A 220 
TOTAL CLAIMS 20 x$52 
(37 CFR 1.16(1)) OR 
INDEPENDENT CLAIMS 3 . x$110 x$220 
(37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 1 00 
APPLICATION SIZE sheets of paper, the application si:~;e fee due is 
FEE $270 ($135 for small entity) for each additional 

(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 
35 U.S.C. 41(a)(1)(G) and 37 CFR 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.160)) 195 390 

• If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST ADD I- ADD I-REMAINING NUMBER PRESENT 
<C AFTER PREVIOUSLY ' EXTRA RATE($) TIONAL RATE($) TIONAL 
1- AMENDMENT PAID FOR FEE($) FEE($) 
z w Total . Minus .. OR :::e ; X = X = 
c (37 CFR 1.16(1)) 

~ z Independent w . Minus . .. = X = X = 
:::e (37 CFR 1.16(h)) OR 
<C Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.160)) N/A OR N/A 

TOTAL TOTAL 
ADD'T FEE OR ADD'T FEE; 

(Column 1) (Column 2) (Column 3) OR 

CLAIMS HIGHEST 
ADD I· ADD I-REMAINING NUMBER PRESENT 

Ill AFTER PREVIOUSLY EXTRA RATE($) TIONAL RATE($) TIONAL 
1- AMENDMENT PAID FOR FEE($) FEE($) 
z w Total OR :::e . Minus •• = X = X = c (37 CFR 1.16(1)) 
z Independent w . Minus ... = X = X = :::e (37 CFR 1.16(h)) OR 
<C Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16@ N/A OR N/A 

TOTAL TOTAL 
ADD'T FEE OR ADD'T FEE 

• If the entry in column 1 is less than the entry in column 2, write '0' in column 3. .. If the 'Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter '20' . ... If the 'Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter '3' . 
The 'Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

Th1s collection of Information IS reqUired by 37 CFR 1.16. The mformation 1s reqUired to obtam or reta1n a benefit by the public which 1s 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. Paten· 

and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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