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Dettrelr

Docket No.: 071971-0012

2T R 21 P e
i

{
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of - : Customer Number: 20277
Mizuki SEGAWA, et al. Confirmation Number: 5361
Application No.: 10/995,283 : Group Art Unit: 2822

Patent No. 7,126,174 ' :

Issue Date: October 24, 2006 : Examiner: POTTER, RoyK.

Filed: November 24, 2004

For: SEMICONDUCTOR DEVICE AND ME;['HOD OF MANUFACTURING THE SAME

REQUEST FOR REFUND

Mail Stop Request for Refund

" Commissioner for Patents

P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

A refund in the amount of $120.00 is hereby requested in the above-identified application

of $120.00

Please immediately credit Deposit Account number 500417 in this amount.

for the following reason:

The Petition for Extension of Time in the amount

iled on February 20, 2007

was inadvertently filed in this case.

Respectfully submitted,:

McDERMOTT WILL, & EMERY LLP

Ramyar M. Fatid
. : Registration No. 46,692
600 13% Street, N.W. Please recognize our Customer No. 20277
Washington, DC 20005-3096 as our correspondenge a s 94/85/2867 MWGEBREML
Phone: 202.756.8000 RMF:MaM 7 gﬁ‘%ﬁﬁ?ﬁ%ﬁbﬁn 80000845 560417 16995203
Facsimile: 202.756.8087 81 FLa12dl 120.00

Date: March 20, 2007
WDC99 1363893-1.071971.0012

TSMC Exhibit 1021



ATTENTION ATTENTION ;ATTENTION

Method of Refund:

ACH/EFT

Credit Card

Deposit Account # 5 O-0H)

Treasury Check

Patent/TM/App/Se %0 Ciq 5383

Program Area

Date Processed 8/ 2 9007

ATTENTION ATTENTION ATTENTION
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*BIBDATASHEET*

Bib Data Sheet

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

PO. Box 14

50
Alexandria, Virginia 22313-1450

WWw.0spto.gov

CONFIRMATION NO. 5361

SERIAL NUMBER
10/995,283

FILING OR 371(c)
DATE

11/24/2004
RULE

CLASS
257

GROUP ART UNIT
2822

ATTORNEY
DOCKET NO.

71971-012

IAPPLICANTS

** 01/21/2005

Mizuki Segawa, Osaka, JAPAN;
Isao Miyanaga, Osaka, JAPAN;
Toshiki Yabu, Osaka, JAPAN;
Takashi Nakabayashi, Osaka, JAPAN;
Takashi Uehara, Osaka, JAPAN;
Kyoji Yamashita, Osaka, JAPAN;
Takaaki Ukeda, Osaka, JAPAN;
Masatoshi Arai, Osaka, JAPAN;
Takayuki Yamada, Osaka, JAPAN,;
Michikazu Matsumoto, Osaka, JAPAN;

#* CONTINUING DATA ***#ssasasssnsbssssssssnn
This application is a DIV of 10/454,682 06/05/2003 PAT 6,967,409
which is a DIV of 09/902,157 07/11/2001 PAT 6,709,950
which is a DIV of 08/685,726 07/24/1996 PAT 6,281,562

ladad FOREIGN APPLICATIONS S de 9o d e S e g S e e e S e e S e oo e

JAPAN 7-192181 07/27/1995
JAPAN 7-330112 12/19/1995

|IF REQUIRED, FOREIGN FILING LICENSE GRANTED

Foreign Priority claimed

met
Verified and

a yes Q no

35 USC 119 (a-d) conditions [ yes L no L met after
Allowance

JAcknowledged Examiner's Signature

Initials

STATE OR
COUNTRY
JAPAN

SHEETS TOTAL
DRAWING CLAIMS
21 14

INDEPENDENT]

CLAIMS
1

IADDRESS
20277

TITLE

SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

RECEIVED |No.
1090 No.
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E - PART B - FEE(S) TRANSMITTAL

LA
Complete and sehd this form, together Q applicable fee(s), to: Mail Mail Stop ISSS®PFEE
‘ Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required&. Blocks 1 through 5 should be completed where

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

maintenance fee notifications.
VR-E

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any ch
)
AUG 3 0 2006

R

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

apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

7590 07/17/2006

McDermott Will & Emery LLP
600 13th Street, N.W.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postége for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile

Washington, DC 20005-3096 <& transmitted to the USPTO (571) 273-2885, on the date indicated below.
LTRADENS
(Depositor's name)
"CUSTOMER NO.: 20277" (Signature)
(Date)
APPLICATION NO. FILING DATE [ FIRST NAMED INVENTOR | ATTORNEY DOCI{ET NO. I . CONFIRMATION NO.
10/995,283 11/24/2004 Mizuki Segawa 71971012 5361

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

| APPLN. TYPE SMALL ENTITY I 1SSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE L DATE DUE I
nonprovisional NO $1400 $300 $0 $1700 10/17/2006
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
POTTER, ROY KARL T 2822 257-288000
1. Chanfe of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1__McDERMOT
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively, EMERY LLP
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2 -
(J "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If noname is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for

recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignm%/ 31/08 .
- . 86 3
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR cOPNTRSIC] 88800389 580417 18995203
8 Hass 1460, 60 DA
MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. OSAKA, gg‘% 'ml ’?g.gg gg
Please check the appropriate assignee category or categories (will not be printed on the paient) : ] Individual Corporation or other private grotip catity O Government. -
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
ublication Fee (No small entity discount permitted) ad Payment by credit card. Form PTO-2038 is attached.
‘Advance Order - # of Copies FOUR The Director is hereby authorized to charge the requir, feeﬁs), any deficiency, or credit any
overpayment, to Deposit Account Number, enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ua. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ov. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) wi e 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 P: d Trademark Office.

Authorized Signature —/( p— Date August 30, 2006

Typed or printed name Michael Marty Registration No. 36,139

7/
This collection of information is required iy 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 governetd by 35 U.$/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 forfn 10 the MSPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to com;%lete
this form and/or suggestions for reducing\thi den, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandra, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 2231 3g-1 450.

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.

PTOTI -85 (Rev 07/06) Annraved far nse thraneh 04/30/2007 OMR 0651-0033 11 S Patent and Trademark Office- TTS DEPARTMENT OF COMMFERCE

Page 5 of 262



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

759 07/17/2006 l EXAMINER J
McDermott Will & Emery LLP . POTTER, ROY KARL
600 13th Street, N.W. | ART UNIT PAPERNUMBER |

Washington, DC 20005-3096 Py

DATE MAILED: 07/17/2006

[ APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. |

10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

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

nonprovisional NO $1400 $300 $0 $1700 10/17/2006

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

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:

[. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

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

B. If the status above is to be removed, check box Sb on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box Sa on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

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

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

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

Page 1 of 3
PTOL-85 (Rev.07/06) Approved for use through 04/30/2007.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiredL. Blocks 1 through 5 should be completed where

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

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

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

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

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

‘ Eave its own certificate of mailing or transmission.

7590 07/17/2006 Certif Mailin T ;
. ertificate of Mailing or Transmission
McDermott Will & Emery LLP L hereby certify that this Fee(s) Transmital s being deposited with the United
600 13th Street, N.W States Postal Service with sufficient postage for first class mail in an envelope
- cTe addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Washington, DC 20005-3096 transmitted to the USPTO (371) 273-2885, on the date indicated befow.

(Depositor's name)
(Signature)
(Date)

APPLICATION NO. [ FILING DATE [ FIRST NAMED INVENTOR lATrORNEY DOCKETNO. | CONFIRMATION NO.

10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE ]PUBLICATION FEE DUE ] PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE l DATE DUE
nonprovisional NO $1400 $300 $0 $1700 10/17/2006
l EXAMINER ] ART UNIT | CLASS-SUBCLASS |
POTTER, ROY KARL 2822 257-288000

1. Chan}ge of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1.363). (1) the names of up to 3 registered patent attorneys’ 1
(3 Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

8

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
(1 “Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If noname is 3
Number is required. : listed, no name will be printed.

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

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
O 1ssue Fee [ A check is enclosed.
U publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
O Advance Order - #of Copies (O The Director is hereby authorized to charge the required feess), any deficiency, or credit anfy
overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Oa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Oe. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is r_eﬂ]qu’ed 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 t0 the USPTO. Time will vary d endjn§ 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, Alexandna, 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.

PTOT-RS (Rev 07/0AY Annraved for use thrangh 04/30/2007 OMR DAS1-0037 1i S Patent and Trademark Office: [T S DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 223131450

WWW.USPLO.EOV

L APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. l
10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361
7590 07/17/2006 I EXAMINER |
McDermott Will & Emery LLP POTTER, ROY KARL
600 13th Street, N.W. | ART UNIT ~ PAPER NUMBER I
Washington, DC 20005-3096 2822

DATE MAILED: 07/17/2006

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

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

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

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

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

Page 3 of 3
PTOL-85 (Rev. 07/06) Approved for use through 04/30/2007.
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Application No. Applicant(s)
. . 10/995,283 SEGAWA ET AL.
Notice of Allowability Examiner Art Unit
Roy K. Potter 2822

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

1. Xl This communication is responsive to the amendment of 5/31/06.

2. X The allowed claim(s) is/are 39-43,45-47 and 49-60.

3. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)X Al b)[JSome* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [X] Certified copies of the priority documents have been received in Application No. 10454682 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___

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

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

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

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] 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. [0 Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2. [0 Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date ______ .
3. Xl Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [0 Examiner's Amendment/Comment
Paper No./Mail Date
4. [J Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasgns for Aljowance
of Biological Material
9.JOther_____.
Roy K Potter
Primary Examiner
Art Unit: 2822
U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20060625
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"SHEET 1 OF 1
= =
INFORMATION DISCLOSURE ATTY. DOCKET NO- = SERIAL NO.
CITATION IN AN 071971-0012 10/995,283
APPLICANT
Mizuki SEGAWA, et al.
(PTO- 1 449) FILING DATE GROUP
November 24, 2004 | 2822
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez o knowy MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us
us
us
us
us
us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Pubtication Date Name of Patentee or Pages, Columns, Lines Translation
INITIALS CITE Country Codey -Number « Kind MM-DD-YYYY | Applicant of Cited Document Where Relevant
. NO. Codes (if known) Figures Appear Yes No
-2
W JP 06-21208 01/28/1984 Sony Corp.
JP 07-142726 06/02/1995 Oki Electric Ind. Co. Ltd.
~ JP 06-186495 07/15/1994 Matsushita ﬁecﬂic Ind. Co.
JP 06-177237 06/24/1994 SGS Thomson Microelectron
Inc.
JP 07-153939 06/16/1995 Oki Electric Ind. Co. Ltd.
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (bock, magazine,
INITIALS CITE |{iournal, serial, symposium, catalog, etc.), date, page(s). volume-issue number(s), publisher, city and/or country where
NO. | published.
ﬁ é'gexmmea & / DATE CONSIDERED

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

Page 10 of 262



g . Application/Control No. Applicant(s)/Patent under
Issue Classification PP Rzzxami,,(at)ion
10/995,283 SEGAWAET AL.
Examiner Art Unit
Roy K. Potter 2822
ISSUE CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS SUBCLASS CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 288 257 336
INTERNATIONAL CLASSIFICATION
Hiof1}1L 29/94
/
/
/
/
M‘ Total Claims Allowed: 20
(Assistant Examiner)  (Date) Roy Potter
Primary Examiner 0G. 0G.
Technology Center 2800 Print Claim(s) Print Fig.
(Legal Instruments Examiner) (Date) 1 16e
(Primary Examiner) 1Date}

D Claims renumbered in the same order as presented by applicant | [] CPA 71.D. [(0R.1.47
- w© — w© _ © — ® —_ © — © — ®©
© £ © £ © = [ £ ] £ [ = [ £
£ | B £ | @ £ | © c [ @ c | o c | o €| 2
w bS] w 5 w S w S w 5 [T S uw S

1 31 61 91 121 151 181
2 32 62 92 122 152 182
3 33 63 93 123 1563 183
4 34 64 94 124 154 184
5 35 65 95 125 155 185
6 36 66 96 126 156 186
7 37 67 97 127 157 187
8 38 68 98 128 158 188
9 1 39 69 99 129 159 189
10 2 | 40 70 100 130 160 190
11 3 41 71 101 131 161 191
12 4 | 42 72 102 132 162 192
13 5 | 43 73 103 133 163 193
14 44 74 104 134 164 194
15 6 | 45 75 105 135 165 195
16 7 | 46 76 106 136 166 196
17 8 | 47 77 107 137 167 197
18 48 78 108 138 168 198
19 9 | 49 79 109 139 169 199
20 10 | 50 80 110 140 170 200
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Docket No.: 71971-012 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
Mizuki SEGAWA, et al. Confirmation Number: 5361
Application No.: 10/995,283 | Group Art Unit: 2822

Filed: November 24, 2004 Examiner: Roy K. POTTER

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

AMENDMENT

Mail Stop Amendment
Honorable Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
Sir:
Applicant respectfully requests reconsideration in accordance with the filing of the RCE,

amendments and remarks for the reasons set forth below.

WDC99 1239964-1.071971.0012
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AMENDMENT TO CLAIMS
Listing of Claims
Claims 1 — 38 (Cancelled)
39. (Currently amended) A semiconductor device, comprising:

[[an]] a trench isolation insulating-area surrounding an active area of a semiconductor
substrate;

a gate insulating film formed over the active area;

a gate electrode formed over the gate insulating film;

first L-shaped sidewalls formed over the side surfaces of the gate electrode; [[and]]

first silicide layers formed on regions located on the ‘sides of the first L-shaped sidewalls
within the active area

an interconnection formed on the trench isolation; and

second L-shaped sidewalls formed over the side surfaces of the interconnection.

40.  (Previously presented) The semiconductor device of Claim 39, wherein the

first L-shaped sidewalls are made of a silicon nitride film.

41.  (Previously presented) ‘The semiconductor device of Claim 39, further
comprising first protection oxide films formed between the gate electrode and the first L-shaped

sidewalls.

42.  (Previously presented) The semiconductor device of Claim 39, further
comprising a second silicide layer formed on the gate electrode.

2

WDC99 1239964-1.071971.0012
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43,  (Previously presented) The semiconductor device of Claim 39, further
comprising source/drain regions formed on both sides of the gate electrode within the active
area,

wherein the first silicide layers are formed on the source/drain regions.

44,  (Cancelled)

45.  (Currently amended) The semiconductor device of Claim [[44]] 39, the second

L-shaped sidewalls are made of a silicon nitride film.

46.  (Currently amended) The semiconductor device of Claim [[44]] 39, further
comprising second protection oxide films formed between the interconnection and the second L-

shaped sidewalls.

47.  (Currently amended) The semiconductor device of Claim [[44]] 39, further

comprising a third silicide layer formed on the interconnection.

48.  (Cancelled)

49.  (Currently amended) The semiconductor device of Claim [[48]] 39, the trench

isolation has an upper surface higher than the surface of the active area.

' WDC99 1239964-1.071971.0012
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50.  (Currently amended) The semiconductor device of Claim [[48]] 39, wherein a
lower portion of the interconnection provided on the upper surface of the trench isolation is

located higher than the surface of the active area.

51.  (Currently amended) The semiconductor device of Claim [[44]] 39, wherein the

interconnection is composed of the same material as the gate electrode.

52. (Currently amended) The semiconductor device of Claim [[51]] 39, wherein the

gate electrode and the interconnection has at least a polysilicon film.

53.  (New) The semiconductor device of Claim [[39]] 41, wherein a channel stop
region of the same conductivity as that of the semiconductor substrate is formed below the trench

isolation.

54.  (New) The semiconductor device of Claim 39, wherein the first and second L-

shaped sidewalls are made of the same insulating film.

55.  (New) The semiconductor device of Claim 41, wherein the first protection oxide

film is a CVD oxide film.
56.  (New) The semiconductor device of Claim 43, wherein the source/drain regions

include low-concentration source/drain regions and high-concentration source/drain regions, and

the first silicide layers are formed on the high-concentration source/drain regions.

WDC99 1239964-1.071971.0012
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57. (New) The semiconductor device of Claim 46, wherein the second protection

oxide film is a CVD oxide film.

58.  (New) The semiconductor device of Claim 46, wherein the second protection

oxide films are L-shaped films.

59.  (New) The semiconductor device of Claim 39, wherein the first silicide layers are

formed so as to be located apart from the trench isolations.

60. (New) The semiconductor device of Claim 56, wherein the source/drain regions

are formed so as to be located apart from the trench isolations.

WDC99 1239964-1.071971.0012
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REMARKS

In the foregoing amendment, claims 39, 46, 47 and 49-52 have been amendgd and new
claims 54-60 have béen added to further clarify the intended subject matter of the present
invention. No new matter has been added. In addition, claims 44 and 48 have Been cancelled.
Entry of the foregoing amendment is respectfully requested.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit aécount.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

600 13™ Street, N.W. , ;
Washington, DC 20005-3096 as olr copfespondence address.
Phone: 202.756.8000 MEF:MaM

Facsimile: 202.756.8087

Date: May 31, 2006i

WDC99 1239964-1.071971.0012
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Docket No.: 071971-0012 \,

PATENT
« - o=t
IN THE UNITED STATES PATENT A EMARK OFFICE
In re Application of Customer Number: 20277
Mizuki SEGAWA, et al. Confirmation Number: 5361
Application No.: 10/995,283 Group Art Unit: 2822
Filed: November 24, 2004 Examiner: POTTER, Roy K.
For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME
Mail Stop RCE
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
Transmitted herewith is an Amendment in the dove-identified application.
No additional fee is required.
Applicant is entitled to small entity status under 37 CFR 1.27
Also attached:
The fee has been calculated as shown below:
£ “% % TINO.OF HIGHEST EXTRA RATE FEE
o | CLAIMS PREVIOUSLY CLAIMS
o PAID FOR
Total Claims 20 20 0 $50.00 = $0.00
Independent Claims 1 3 0 $200.00 = $0.00
Multiple dependent claims newly presented $0.00
Fee for extension of time $0.00
RCE $790.00
Total of Above Calculations $790.00
X Please charge my Deposit Account No. 500417 in the amount of $790.00.

The Commissioner is hereby authorized to charge payment of any fees associated with this communication or credit

any overpayment, to Deposit Account No. 500417, including any filing fees under 37 CFR 1.16 for presentation of

extra claims and any patent application processing fees under 37 CFR 1.17.

Respectfully submij
p Y Y

600 13™ Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:MaM
Facsimile: 202.756.8087

Date: May 31, 2006

WDC99 1240005-1.071971.0012
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
Mizuki SEGAWA, et al. Confirmation Number: 5361
Application No.: 10/995,283 Group Art Unit: 2822

Filed: November 24, 2004 Examiner: POTTER, Roy K.

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME
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PURPOSE: To provide a semiconductor device wherein a defect is not R A

caused near a recessed part and a trouble that a leakage current
becomes large or the like is not caused when a heat treatment is
executed after various kinds of substrate treatments (ion implantation
and the like) have been executed and to provide a method wherein a
recessed part on a substrate is buried.
CONSTITUTION: (1) In a semiconductor device, a burying material is
buried in a recessed part 2 on a substrate 1 and buried parts 3, 3a, 3b
are formed. In the semiconductor device, each buried part is formed as a
structure in which it protrudes from the opening surface of the recessed
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executed and the recessed part is buried.
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(54) MANUFACTURE OF FIELD EFFECT TRANSISTOR

(57)Abstract: _
PURPOSE: To provide a manufacturing method for FETs capable of

suppressing leakage currents, parasitic resistances, the short channel
effect and the hot carrier effect.

CONSTITUTION: A gate electrode 24 is formed on a semiconductor
substrate, and on its sides double walls 31a, 31b, and 27a, 27b are
formed. Using these double side walls as masks, deep n— diffusion layers
30a and 30b are formed in source and drain regions. Then only side walls
27a and 27b are removed by etching leaving the L~shaped side walls 31a
and 31b unremoved, and shallow n+ diffusion layers 32a and 32b are
formed in the source and drain regions. Next the L—shaped side walls
31a and 31b are removed by etching, and an n— layer for LDD is formed
by ion implantation using the gate electrode 24 as a mask. Besides, a
layer insulating film is formed and heat treatment is performed for
smoothing it and activating the source and drain diffusion layers. Gate
electrode wiring and laminated metal wiring containing barrier metals are

brought into contact.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alcxandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 03/10/2006 I EXAMINER |
McDermott Will & Emery LLP POTTER, ROY KARL
600 13th Street, N.W. r ART UNIT | PAPER NUMBER J
Washington, DC 20005-3096 2822
DATE MAILED: 03/10/2006
| APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO. I
10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

I APPLN. TYPE I PUBLICATION FEE DATE DUE

nonprovisional NO $1400 $300 $1700

SMALL ENTITY l ISSUE FEE | [ TOTAL FEE(S) DUE l

06/12/2006

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 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:
1. Review the SMALL ENTITY status shown above.

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

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.
B. If the status above is to be removed, check box 5b on Part B -

Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:

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

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

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be.
~_completed and returned.. If you are charging the fee(s) to your deposit account, séction "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

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

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

Page 1 of 3
PTOL-85 (Rev. 01/06) Approved for use through 04/30/2007.
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PART B - FEE(S) TRANSMITTAL

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

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiljed{;eBlog:ks 1 through 5 should be completed where

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

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

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

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

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

ave its own certificate of mailing or transmission.

7590 03/10/2006
. Certificate of Mailing or Transmission
McDermott Will & Emery LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
2 States Postal Service with sufficient postage for first class mail in an envelope
600 1‘? th Street, N.W. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Washington, DC 20005-3096 transmitted to the USPTO (571) 273-2885, on the date indicated below.
{(Depositor's name)
(Signature)
(Date)
r APPLICATION NO. FILING DATE I FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. l
10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME
I APPLN. TYPE I SMALL ENTITY | ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE I DATE DUE
nonprovisional NO $1400 $300 $1700 06/12/2006
l EXAMINER | ART UNIT | CLASS-SUBCLASS |
POTTER, ROY KARL 2822 257-288000

1. Chelxnfseg‘())f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR (1) the names of up to 3 registered patent attorneys 1
(1 Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/5B/122) attached. (2) the name of a single fim (having as a membera 2

(3 "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

w

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

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

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

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

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
O 1ssue Fee {0 A check in the amount of the fee(s) is enclosed.
O publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
(O Advance Order - # of Copies O The Director is hereby authorized by charge the required fee(s), or credit any overpa¥ment, to
Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Qa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to agply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attomey 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 . . R . . Date

Typed or printed name ' Registration No.

This collection of information is required by 37 CFR 1.311. The information is re_aﬂlqired to obtain or retain a benefit b{ 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, prepanng, an

submitting the completed application form to the USPTO. Time will vag déﬂ-e"dmﬁ upon the individual case. Any comments on the amount of time you require to complete

this form and/or suggestions for reducm% this burden, should be sent to the Chief nformation Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.

Rtl)x 1432, A\l,qxap 1 3,2¥;r llnsg 0223]3-1 50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
€xandria, virginia - .

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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USpto.gov
r APPLICATION NO. I FILING DATE [ FIRST NAMED INVENTOR | ATTORNEY DOCKET NO.L CONFIRMATION NO. |
10/995,283 11/24/2004 Mizuki Segawa 71971-012 5361
7590 03/10/2006 r EXAMINER l
McDermott Will & Emery LLP POTTER, ROY KARL
600 13th Street, N.W. | ART UNIT PAPER NUMBER J
Washington, DC 20005-3096 2822

DATE MAILED: 03/10/2006

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

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

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

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

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

Page 3 of 3
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Application No. Applicant(s)
. . 10/995,283 SEGAWA ET AL.
Notice of Allowability Examiner Art Unit
Roy K. Potter 2822

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

1. [X] This communication is responsive to Applicant's response of 12/21/05.

2. [X] The allowed claim(s) is/are 39-52.

3. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X Al b)[JSome* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [X Certified copies of the priority documents have been received in Application No. 10/454,682 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___
Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [J including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date ____.
(b) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date _____.

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

6. [J 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. [0 Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. X Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [0 Examiner's Amendment/Comment
Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. [0 Examiner's Statement of Regspns for Allowance
of Biological Material
9. [ Other .
Roy K Potter
Primary Examiner
Art Unit: 2822
U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20060306
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SHEET 1 OF 1

%) ~
e Sl N By
| INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO.
1
APPLICATION
APPLICANT
Mizuki SEGAWA, et al.
(PTO- 1 449) FILING DATE GROUP
November 24, 2004 | 2812
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez (zxnosm MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
2z 2
us 4,966,870 10/30/1990 Barber et al.
us 5,384,281 01/24/1985 Kenney et al.
us
us
us
us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Translation
INITIALS CITE Country Codes -Number « -Kind MM-DD-YYYY Applicant of Cited Decument Where Relevant
NO. Codes (if known) Figures Appear Yes No
W‘ EP 07086 206 A2 04/10/1996 MOTOROLA, INC.
j i 353, i - o H
1 LTS NEME OF the Ave BPITAL LETTERSE. Lila U i aririe pwnen annranmsess THS START Loy fan, wesgogins,
Cy e 2l ™ 154, €ic.), date, page(s), volume-issuc number(s) nubhsher, oty andl/er country whire
NO. =

7% A

» DATE CONSIDERED
4 //‘2%&6

*EXAMINERMAitial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in confor
include copy of this form with next communication to appficant.

and not cc

1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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SHEET LOF | _

N

INFORMATION DISCLOSURE ATTY. DOCKET NO, SERIAL NO.
71971-012 Divisional of Application No.
CITATION IN AN 10/454,682
" APPLICATION
APPLICANT
Mizuki SEGAWA, et al.
(PTO- 14 49) FILING DATE GROUP
November 24, 2004 Not yet asslgned
U.S. PATENT DOCUMENTS
[~ EXAMINER'S CITE Document Number Publication Date | _Name of Patentes or Appiicant of Cited ‘Pages, Columns, unas Where
INITIALS NO. Number-Kind Codez @ oxeny MM-DD-YYYY Document Flguraa Appear ant
4,670,128 03/1688 Mundt et al.
US| 5177028 0171653 Manning
— 727 US 5,168,910 CGED) Wioriuehl et ol
Us 5,266,674 021994 Roth et al.
_‘% Us 5,310,235 0601094 Kihara ot al.
US 5,393,708 021695 Haia etal.
US 5,307,910 03/1095 ishimaru
‘ Us 5,401,673 0371695 Urayama
[~ US 5,413,881 05/1935 Kim
% US 543,754 071098 Fazan et al.
. Us 5,497,010 03/1996 Koh
Us 5,521,422 05/1996 Mandelman et al.
Us 5.561,311 10/1006 Hamamoto et al.
Us 5,777,370 0771998 Omig-Zohoor et .
5,804,802 0611698 Matumoto
V3 6,022,781 0272000 Noble, Jr.
V3 8,077,344 08/2000 Shoup etal.
Us 6,278,138 B1 0872001 Sz
V3 6,201,662 0872001 ~ Sepawa etal.
- FOREIGN PATENT DOCUMENTS
[~ EXAMINER'S Foreign Patent Document | Publication Dato Name of Patentes or Pages, Columns, Lines Transiation
INTALS CImE Country Codsa-Number « Kind MM-DD-YYYY | Applicant of Cited Document Where Relevant
NO. Codes (i known) : Figures Appear Yes No
~ JP 69181062 A 10/1984
JP 62-85461 0471987
EP 0234986-A1 0471567
EPA 0 243 088 111987
JP 03076033 A 0471091
JP 448647 021992
JP 460564 03/1892
JP 4305022 10/1892
EPA 0 513 639 11992
JP 6-45432 021694
JP 6-163843 08/1994
IP 7-273330 1011895
— JP 09162392 A 06/1697
OTHER ART (including Author, Title, Datp, Pertinent Pages, Etc.)
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© INMALS cme |joumal, serial, symp 9. etc.), date, page(s) 1(s), p city and/or country where
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18 68 118
19 69 119
20 70 120
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Docket No.: 71971-012 PATENT

£S PATENT AND TRADEMARK OFFICE

IN THE UNITED
In re Application of : Customer Number: 20277
Mizuki SEGAWA, et al. Confirmation Number: 5361
Application No.: 10/995,283 Group Art Unit: 2822
Filed: November 24, 2004 Examiner: Roy K. POTTER

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

RESPONSE UNDER 37 C.F.R. §1.111

Mail Stop Amendment

Honorable Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:
In response to the Office Action dated October 5, 2005, having a shortened statutory

period for response set to expire January 5, 2006, Applicant respectfully requests reconsideration

of the pending rejections for the reasons set forth below.
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10/995,283

REMARKS

In response to the pending Office Action, Applicants respectfully submit that the pending
rejections must be withdrawn because the cited prior art reference does not constitute valid prior
art to the above-identified application for the reasons set forth below. Applicants note with
appreciation the indication of allowance of claims 40-42 and 44-52.

Turning to the rejection of claims 39 and 43, as set forth on page 2 of the Office Action,
these claims were rejected under 35 U.S.C. § 102 as being anticipated by USP No. 5,817,562 to
Chang. The above-identified application claims priority to USP No. 6,281,562 (application Ser.
No. 08/685,726), which has a filing date of July 24, 1996. Chang has an effective filing date of
January 24, 1997. As such, because the effective filing date of the instant application precedes
the effective filing date of Chang, Chang does not constitute valid prior art relative to the instant
applicaton. As a result, the pending rejection must be withdraw.

Having fully responded to all matters raised in the Office Action, Applicants submit that
all claims are in condition for allowance, an indication for which is respectfully solicited.

If there are any outstanding issues that might be resolved by an interview or an
Examiner's amendment, the Examiner is requested to call Applicants' attorney at the telephone
number shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.

Respectfully submitted,

McDERMOTPILL & EMERY LLP

ichael E. FoXd
Registratip

600 13" Street, N.W. Please Recogtize our Customer No. 20277
Washington, DC 20005-3096 as our corfespondence address.

Phone: 202.756.8000 MEF:ete:dmd

Facsimile: 202.756.8087

Date: December 21, 2005

WDC99 1173131-1.071971.0012
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. ] FILING DATE l FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. | CONFIRMATION No.j
10/995,283 11/24/2004 Mizuki Segawa 71971012 5361
7590 10/05/2005 | EXAMINER ]
McDermott Will & Emery LLP POTTER, ROY KARL
600 13th Street, N.W.
Washington, DC 20005-3096 ( ART UNIT | papERNUMBER |

2822

DATE MAILED: 10/05/2005

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

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)
- 10/995,283 SEGAWA ET AL.
Office Action Summary Examiner Art Unit
Roy K. Potter 2822

-- 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 3 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) Responsive to communication(s) fledon _____
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)[] 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)X Claim(s) 39-52 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X Claim(s) 39 and 43 is/are rejected.
7)IX Claim(s) 40-42 and 44-52 is/are objected to.
8)[1 Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[C] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)lJ Al b)[]Some * ¢)[] None of:
1.[7] Certified copies of the priority documents have been received.
2.[0] cCertified copies of the priority documents have been received in Application No. _____
3.0 cCopies 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) E Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(syMail Date. _____
3) [X] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 6) ] other:
U.S. Patent and Trademark Office i
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20050930

Page 107 of 262



Application/Control Number: 10/995,283 Page 2
Art Unit: 2822

DETAILED ACTION

Claims 39 — 52 are pending. These claims are directed to a semiconductor
device
Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

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

Claims 39, 43 are rejected under 35 U.S.C. 102(b) as being anticipated by
Changet al.. |

Chang et al., U.S. Patent No. 5,817,562 discloses a method for making improved
polysilicon FET gate electrode structures. As shown in Figure 7, a gate inéulating film
14 is formed over an active area. A gate electrode 16 is formed over the gate insuiating
film. L-shaped sidewalls 24 are formed over the side surfaces of the gate electrode.
The L-shaped sidewalls 24 are polysilicon oxide. In column 7, line 23 describes a

silicide layer being used to contact source/drain areas 23.

Allowable Subject Matter
Claims 40-42 and 44 — 52 are objected to as being dependent upon a rejected
base claim,‘but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.
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Application/Control Number: 10/995,283 Page 3
Art Unit: 2822

The prior art does not disclose that L-shaped sidewalls are of silicon nitride.
They are disclosed as being silicon oxide.

The prior art does not disclose a protection oxide between the gate electrode and
the L-shaped sidewall.

The prior art does not disclose a second silicide layer on the gate oxide.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Roy K. Potter whose telephone number is 571 272
1842. The examiner can normally be reached on M-F.

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).

oy K Potter

Primary Examiner
Art Unit 2822
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SHEET 1 OF 1
INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO. "
71971-012 Divisional of Application No.
CITATION IN AN 101454 682
APPLICATION
APPLICANT
Mizuki SEGAWA, et al.
(PTO- 1 449) FILING DATE GROUP . :
November 24, 2004 Not yet assigned
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez @ own MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
7 4,578,128 03/1886 Mundt et al.
% Us 5.177.028 0177993 Manning
— 727 Us 5,196,610 031583 Moruchi ot al.
US 5,286,674 02/1994 Roth et al.
—% Us 5,319,235 06/1994 Kihara et al.
Z7 US 5,393,708 02/1995 Hsia et al.
US 5,397,810 03/1995 Ishimaru
‘ % US 5,401,673 0371985 Urayama
97" US 5.413,981 05/1895 Kim
L Us 5,433,794 07/1995 Fazan et al.
Us 5,497,016 03/1996 Koh
Us 5,521,422 05/1996 Mandelman et al.
Us 5,561,311 10/1996 Hamamoto et al,
US 5,777,370 07/1998 Omid-Zohoor et al,
5,804,862 09/1998 Matumoto
us 8,022,781 02/2000 Noble, Jr.
us 6,077,344 08/2000 Shoup et al.
US 6,278,138 B1 08/2001 Suzuki
us 6,281,562 08/2001 .~ Segawaetal.
FOREIGN PATENT DOCUMENTS
I~ EXAMINER'S Foreign Patent Document | Publication Date Name of Patentee or Pages, Columns, Lines Transiation
INITIALS CITE Country Codsa-Number «Kind MM-DD-YYYY Applicant of Cited Doc Where Relevant
NO. Codes (if known) k Figures Appear Yes No
777 JP 59161062 A 10/1984
P~ JP 62-85481 04/1987
EP 0234988-A1 04/1987
‘ EPA 0 243 988 1171987
‘ JP 03079033 A 0471991
] JP 448647 02/1992
)y v JP 4-88564 03/1992
. JP 4-305922 10/1982
%@ EPA 0513 639 1171992
JP 6-45432 0271994
JP 6-163843 06/1994
JP 7-273330 10/1985
JP 09162392 A 06/1987
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), titte of the item (book, magazine,
INITIALS CITE | joumal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. published.
W 7 /7 5//”3_9~r€consmensn
£

Inctude copy of this form with next communication to applicant.
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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Application/Control No. Applicant(s)/Patent Under
Reexamination
10/995,283 SEGAWA ET AL.
Notice of References Cited e YT
Roy K. Potter 2822 Page 1 of 1
U.S. PATENT DOCUMENTS
* uuntg"c%”dﬂf«?mﬁﬁmﬁé Code MM??\?W Name Classification
A | US-5,817,562 10-1998 Chang et al. 438/305
B | US-
Cc | Us-
D | US-
E | US-
F | Us-
G | US-
H | US-
I- | US-
J [ US-
K | US-
o L [ US
M [ US-
FOREIGN PATENT DOCUMENTS
* munts"cf,%?.iﬁmzmﬂ Code MMD.?\?YY Country Name Classification
N
0
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
\%
ol W
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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Index of Claims Reexamination
10/995,283 SEGAWA ET AL.
Examiner Art Unit
Roy K. Potter 2822
; Through numeral)
v | Rejected ( Cancelled N Non-Elected A Appeal
=| Allowed + Restricted I| Interference O| Objected
Claim Date Claim Date Claim Date
5| E|8 5| 2|8 5| B /
|28 El2|8 £l ®
o | O |a o
1 5110 101
2 52 |0 102
3 53 103
4 54 104
5 55 105
6 56 106
7 57 107
8 58 108
9 59 109
10 60 110
11 61 111
12 62 112
13 63 113
14 64 114
15 65 115
16 66 116
17 67 117
18 68 118
19 69 119
20 70 120
21 71 121
22 72 122
23 73 123
24 74 124
25 75 125
26 76 126
27 77 127
28 78 128
29 79 129
30 80 130
31 81 131
32 82 132
33 83 133
34 84 134
35 85 135
36 86 136
37 87 137
38 88 138
39 |V 89 139
40 [0 90 140
41 {0 91 141
42 {0 92 142
43|V 93 143
44 |0 94 144
45 |0 g5 145
46 |0 96 146
47 {0 97 147
48 [0 98 148
49 [0 99 149
50 |0 100 150
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Ref Hits | Search Query DBs Default | Plurals | Time Stamp
# Operator )
L1 822 | interconnect same barrier same seed US-PGPUB; | OR OFF 2005/09/15 16:17
same metal USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB
L2 2 | (("6709950") or ("6281562")).PN. USPAT OR OFF 2005/09/15 16:17
L3 22 | ("4578128" | "5177028" | "5196910" | | US-PGPUB; | OR OFF 2005/09/15 16:23
"5286674" | "5319235" | "5397910" | USPAT;
"5401673" | "5413961" | "5433794" | USOCR
"5497016" | "5521422" | "5561311" |
"5777370" | "5804862" | "6022781").
PN. OR ("6281562").URPN.
L4 1466 | "L-shaped" with sidewall US-PGPUB; | OR OFF 2005/09/15 16:23
USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB
LS 50 | "L-shaped" with sidewall same gate US-PGPUB; | OR OFF 2005/09/15 16:28
adj electrode USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB
L6 14 | "L-shaped" with sidewall same gate US-PGPUB; | OR OFF 2005/09/15 16:28
adj electrode same silicide USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

Search History 9/15/05 4:29:44 PM  Page 1
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L1 822 | interconnect same barrier same seed US-PGPUB; | OR OFF 2005/09/15 16:17
same metal USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB
2 2 | (("6709950") or ("6281562")).PN. USPAT OR OFF 2005/09/15 16:17
L3 22 | ("4578128" | "5177028" | "5196910" | | US-PGPUB; | OR OFF 2005/09/15 16:23
"5286674" | "5319235" | "5397910" | | USPAT;
"5401673" | "5413961" | "5433794" | | USOCR
"5497016" | "5521422" | "5561311" |
"5777370" | "5804862" | "6022781").
PN. OR ("6281562").URPN.
L4 1466 | "L-shaped"” with sidewall US-PGPUB; | OR OFF 2005/09/15 16:23
USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB
LS 50 | "L-shaped” with sidewall same gate US-PGPUB; | OR OFF 2005/09/15 16:28
adj electrode USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB '
L6 14 | “L-shaped” with sidewall same gate US-PGPUB; | OR OFF 2005/09/15 16:28
adj electrode same silicide USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

Search History 9/15/05 4:29:44 PM Page 1
C:\Documents and Settings\RPotter\My Documents\EAST\Workspaces\10657437.wsp
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Docket No.: 71971-012 »/ PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
Mizuki SEGAWA, et al. Confirmation Number: 5361
Application No.: 10/995,283 Group Art Unit: 2812

Filed: November 24, 2004 Examiner: Not yet assigned

For: SEMICONDUCTOR DEVICE AND ME.THOD OF MANUFACTURING THE SAME

SUPPLEMENTAL
INFORMATION DISCLOSURE STATEMENT

Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the
Patent and Trademark Office is hereby directed to the references listed on the attached form
PTO-1449. It is respectfully requested that the references be expressly considered during the
prosecution of this application, and that the references be made of record therein and appear
among the "References Cited" on any patent to issue therefrom.

Plgase be wdvised thar U.S, roforcnecs 0.U77, 344 und 6,278,138 B were 1nadverientiy

listed on the PTO-1449 filed on November 24, 2004. and need not be considered by the
Examiner for this application.

This Information Disclosure Statement is being filed within three months of the U.S.
filing date OR before the mailing date of a first Office Action on the merits. No certification or

fee is required.
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Each non-English language reference was first cited in a corresponding foreign

application search report or office action and its relevance discussed therein. A copy of the

foreign search report or office action is attached for the Examiner's information.

Please charge any shortage in fees due in connection with the filing of this paper,

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13™ Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF ete
Facsimile: 202.756.8087
Date: March 9, 2005
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Respectfully submitted,

McDERMOJT WILL & EMERY LLP

Mi
Registratjon No. 36,139

L4
Please tefognize our Customer No. 20277
as our correspondence address.
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| INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO.
’: CITATION IN AN 71971-012 10/995,283
APPLICATION
APPLICANT
Mizuki SEGAWA, et al.
(PTO- 1449) FILING DATE GROUP
November 24, 2004 | 2812
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez (7 knosm MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us 4,966,870 10/30/1980 Barber et al.
us 5,384,281 01/24/1995 Kenney et al.
us
us
us
us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Translation
INITIALS CITE Country Codes-Number 4-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant
NO. Codes (if known) Figures Appear Yes No
EP 0706 206 A2 04/10/1996 MOTOROLA, INC.
ot i EETY Ain DammamtAzoos Tio, - - g
s i {ILILTs Nama of the Ao £ TAL LETTURSS. Liie O i Arimie pwnan snnrammoesy Te e fou ezgezne 3 i
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Otfice européen des brevets (11) E P O 706 206 A2
(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) nt.c1.%: HO1L 21/311

10.04.1996 Bulletin 198615
(21) Application number: 95114230.6

(22) Date of filing: 11.09.1995

(84) Designated Contracting States: - Koh, Ai
DEFRGBIT Austin, Texas 78729 (US)
(30) Priority: 19.09.1994 US 308224 (74) Representative: Hirsz, Christopher Stanislaw et al
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Alencon Link
(72) Inventors: Basingstoke, Hampshire RG21 1PL (GB)
- Lin, Jung-Hui
Austin, Texas 78750 (US)

(54) Method for etching silicon nitride

(57) In accordance with the present invention, a sil-
icon nitride layer (20) in a semiconductor device (10) is
anisotropically etched selectively to both silicon dioxide,
for example gate oxide layer (16), and to silicon, for
example, silicon substrate (12) and polysilicon gate elec-
trode (18). The silicon nitride layer is etched in a plasma
etch system using CF,4, O,, and argon gases. In other
applications of the present invention, the etch method is
used to remove an ONO dielectric stack and to remove
a silicon nitride etch stop layer selectively to both active
regions and isolation regions to form contacts or local
interconnects across these regions.
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Description
Field of the Invention

The present invention relates generally to methods
for etching silicon nitride, and more specifically tc meth-
ods for etching silicon nitride films in semicorductor
devices.

Background of the Invention

Silicon nitride is used in semiconductor devices for
a variety of reasons, including use as etch stop layers,
masking layers, sidewall spacers, gate dielectrics, and
the like. Because silicon nitride is used so heavily in the
manufacture of semiconductor devices, a variety of etch
chemistries are necessary in order to remove the silicon
nitride from selective areas of the device. in removing
silicon nitride, it is often necessary to etch the silicon
nitride away without damaging or etching underlying lay-
ers within the semiconductor device. For example, it is
often necessary to remove silicon nitride selectively to
an underlying layer of silicon dioxide, or to an underlying
polysilicon layer, or to the silicon substrate. A variety of
dry etch chemistries exist which accomplish these objec-
tives. For example, a common dry etch which is used to
etch silicon nitride selectively to silicon dioxide uses SF.
As another example, a chemistry of CHF 3 and O, is used
to dry etch silicon nitride selectively to silicon. As is evi-
dent from these examples, different dry etch chemistries
are often required to etch silicon nitride selectively to sil-
icon dioxide and silicon. To date, no dry etch chemistry
has been developed which can etch silicon nitride selec-
tively to both silicon dioxide and to silicon simultaneously
with acceptable selectivity values. A dry silicon nitride
etch having selectivity to both silicon dioxide and silicon
would be a welcome advance in the field of semiconduc-
tor manufacturing, particularly in areas such as local
interconnect and sidewall spacer technology.
Frig? Degerngtinon of ¢ne Draniinigs

FiGs. 1-2 are cross-secuuna ilustiations ot a por-
tion of a semiconductor device wherein sidewall spacers
are formed in accordance witn the present invention.

FIGs. 4-6 are cross-sectiona! illustrations of a por-
tion of a semiconductor device wherein the present
invention is used for the manufacture of a device which
includes an ONO (oxide-nitride-oxide) gate dielectric
stack.

FFIGs. 7-9 are cross-sectional illustrations of a por-
tion of a semiconductor device wherein a loca!l intercon-
nect is formed in accordance with the present invention.

Detailed Description of a Preferred Embodiment
In accordance with the present invention silicon

nitride can be dry etched selectively to both silicon diox-
ide and silicon. Etching is accomplished in a plasma etch
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system ard is anisotrcpic in nature. The selectivity and
anisotrcpic nature of the etchis achieved throughthe use
of CF; and O, gases with the addition of ar inert gas,
such as argon. While CF,, O, ard argon may be known
individually for use in etching materials in semiconductor
manufacturing, a combination of these gases in accord-
ance with the present invention can achieve resuits not
accomplished with prior art methods. For example, in
prior art methods use of these gases to etch silicon
nitride could not be achieved anisotropically, nor coutd
the gases in combination be used to etch silicon nitride
selectively to both silicon dioxide and silicon.

A preterred embodiment of the present invention
employs a plasma etch system which does not generate
a plasma downstream from the material to be etched,
rather a plasma is generated within the etch chamber
where the device to be etched is located. As an example,
a magnetron etcher, such as Applied Materials'
AMTS000, is a suitable etch system for practicing the
presentinvention. Specific process parameters may vary
depending on the type of plasma etch system used; how-
ever, the following process parameters have been dem-
onstrated as providing the foregoing characteristics in
the magnetron etch system. A pressure of the etch
chamber is held to between 50-300 mTorr, while the RF
power is held between 100-300 Watts. A CF,4 gas is intro-
duced into the etch chamber at a rate of 2-8 standard
cubic centimeters per minute (sccm). The flow rate of
oxygen is 5-35 sccm, while the flow rate of an inert gas
is between 40-140 sccm. While in a preferred embodi-
ment argon is used as the inert gas, it is anticipated that
other inert gases can be used, for example, xenon,
helium, or nitrogen. With the foregoing process param-
eters, the selectivity of a plasma-enhanced chemical
vapor deposited (PECVD) silicon nitride film etched
selectively to oxide ranges from 1.5:1 to 9:1, with 33 out
of 35 combinations achieving a selectivity greater than
2:1. Also with the foregoing process parameters, the
selectivity of etching a PECVD silicon nitride film selec-
tively tc polysilicon ranges from 2.3:1t0 17:1, with 24 cut
01 25 SOMIINNNTAS alineving g LLILCHIVITY arester than
.20,

Within the above piroCess pdiameier ranges, the
mechanism for etching silicon nitride in accordance with
the invention involves both a chemical aspect and a
physical bombardment ¢r sputtering componeni, as
oppcsed to being purety chemical mechanism. Thus, the
etch may be classified as a reactive ion etch (RIE). The
physical etch mechanism can be attributed to the facts
that the etch system used is not a downstream etcher,
that the pressure is maintained relatively low, that the sil-
icon nitride is etched anisotropically, and that the ion
energy within the etch chamber is relatively high (about
200 Volts).

While various combinations within the process
parameter ranges provided above can successfully be
used to etch silicon nitride selectively to both silicon diox-
ide and silicon, more preferred prccess parameter
ranges are as follows: etch chamber pressure of 150-300
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mTorr; RF Power between 1C0-3CC Watlls; CF, flow rate
of 2-8 sccm; O flows of 20-35 sccm, ard inert {argon)
tiow rate of 40-140 sccm. Seiectivity of silicon nitride to
oxide within the preferred process parameter ranges is
about 6:1 to 10:1, while selectivity of silicon nitride to sil-
icon is about 12:1 to 17:1. A precise set of process
parameters as used in the magnetron etch system which
achieves a selectivity of silicon nitride to oxide of 8:1 and
a selectivity of silicon nitride to polysilicon of 16:1 is as
follows: pressure equal to 150 mTorr; RF power equal to
200 Watts; CF,4 flow rate equal to 3 sccm; O, flow rate
equal to 30 sccm; and inert gas (argon) flow rate equal
to 60 sccm. At all times the magnetic field used in the
magnetron etch system was held to 30 gauss; however,
it is anticipated that an increase or decrease in the mag-
netic field would only increase or decrease, respectively,
the etch rates without adversely affecting the etch selec-
tivities. Accordingly, the present invention may also
achieve acceptable selectivity levels in the absence of
any magnetic field. Also, it is noted that the etch selec-
tivities resulting from the above processes occurred in
etching silicon nitride in the presence of a photoresist
mask, and that etch selectivities without a resist mask in
place may be lower due to a lower concentration of pol-
ymers within the etch chamber.

Although the precise mechanisms for how the
present invention as described above achieves selectiv-
ity to both silicon dioxide and silicon and achieves an ani-
sotropic etch are not fully understood, experimentation
has led to observation of some trends. The selectivity of
silicon nitride to both silicon dioxide and polysilicon
increases as the oxygen flow rate is increased within the
range specified above (without varying any other proc-
ess parameters). Varying only the RF Power within the
range specified above resulted in an initial increase in
both the selectivity to oxide and polysilicon, but then both
selectivities begin to decrease as the end of this range
is approached. Increasing the CF4 flow rate without var-
ying other process parameters tends to decrease the
selectivity to both oxide and polysilicon. increasing the
flow rate of argon ke S
voyn oxiae and pelysilicon: hiowaver fheainoidocronce
is iess drastic than the trend cbservad with the CF,4 ilow
iaie. Finany, increasing the pressure through the range
specified above tends to increase the selectivity of etch-
ing silicon nitride to both oxide and poiysilicon. How
seiectivities are affected by varying more than one proc-
ess variable at a time have not been analyzed, so that
the interaction of the various process variables is not
understood. Further, experiments indicate that selectiv-
ities to both silicon dioxide and silicon are optimized
within the above specified process parameter ranges
when the flow rate of O, is at least three , and preferably
at least four, times as great as the fiow rate of CF,4. and
when the inert (argon) gas flow rate is at least fifteen,
and preferably at least sixieen, times as great as the flow
rate of CF4.

As mentioned earlier, silicon nitride has a variety of
uses within the manutacture of semiconductor devices.

N~ = . LA il lae
CErrezsen A2 SZIZCUVIG WO
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These appiications, arnd advantages, of the present
inventicn will be more clearly understocd from the follow-
ing detailed description taken in conjunction with the
accompanying drawings. FIGs. 1-9 illustrate three exam-
ples of applications for use of the present invention in
semiconductor marufacturing; however, other applica-
tions no doubt exist. it is important to point out that the
illustrations may not necessarily be drawn to scale and
that there may be other embodiments of the present
invention which are not specifically illustrated. Through-
out the various views, like reference numerals are used
to designate identical or corresponding parts.

FIGs. 1-3 illustrate using the present invention to
form silicon nitride sidewall spacers. As shown in FIG. 1,
a semiconductor device 10 includes an active region of
a semiconductor substrate 12. Within substrate 12 are
doped regions 14 which serve as source and drain
regions of an MOS (Metal Oxide Semiconductor) tran-
sistor. Typically, substrate 12 will be formed of single
crystal silicon and doped regions 14 are formed by dif-
fusing or implanting impurity atoms, either P-type or N-
type, into the substrate. Overlying substrate 12 is a gate
oxide layer 16, which is typically thermally grown to a
thickness of less than 300A. A polysilicon gate electrode
18 is patterned on the gate oxide layer. Gate electrode
18 is aligned such that sides or edges of the gate elec-
trode are closely aligned with doped regions 14, although
in actual manufacturing the doped regions are typically
formed after the polysilicon gate electrode is patterned
and are self-aligned to the gate electrode. After the gate
electrode and doped regions have been defined on sub-
strate 12, the polysilicon may be oxidized to form an
oxide layer 19 onthe gate electrode. A silicon nitride layer
20 is then deposited using conventional chemical vapor
deposition (CVD). In accordance with this embodiment
of the present invention, silicon nitride layer 20 will be
used as a masking layer in a self-aligned silicide process.
Silicide is often formed on polysilicon members and
doped regions toimprove the conductivity betweenthese
members anrd other conductive memberg within tha
N 3Ei-anuned SHICINe Nrocecs
Wivolves usiilg 2 Mask 1o proiect inose regions of the
device which are net i¢ be silicided, aind wiierein ne sil-
icidation process can occur without a separate lithogra-
phy step (i.e. the silicidation is self-aligned).

To achieve the seif-aiigned silicidation process in
device 10 in accordance with the present invention, a
resist mask 22, for example a photoresist mask, is
formed over the device as illustrated in FIG. 1. Next, sil-
icon nitride layer 20 is anisotropically etched with the
resisi mask in place using the eich method previously
described in accordance with theinvention. The resulting
structure is illustrated in FIG. 2, wherein portions of sili-
con nitride layer 20 which were not protecied by resist
mask 22 in FIG. 1 have been anisotropically etched to
form sidewall spacers 24 alcng sidewalls of polysilicon
gate electrode 18 and wherein portions of silicon nitride
layer 20 which were protected by resist mask 22 remain
intact. Notice that as a result of the etch, gate oxide layer

(lEuirE Qo e contaos
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16 is nct attacked, since the etch chemistry used to etch
sil‘con nitride n accordance with the present inventicnis
se.ective to siicon dioxide. It is desirable to not remove
gate oxide layer 16 in order to avoid damaging the under-
lying substrate when removing the silicon nitride layer by
a plasma etch, even though the oxide layer may subse-
quently be removed.

In prior art methods which have attempted to
achieve similar results, aproblem known as silicon pitting
has arisen. Silicon pitting results from attempting to etch
a silicon nitride layer selectively to a thin silicon dioxide
layer. Prior art chemistries have the ability to etch silicon
nitride selectively to silicon dioxide. An example is the
use of SFg. But many of these chemistries are not selec-
tive to silicon, such that if the underlying silicon dioxide
layer may be damaged or may include defects, the etch
used to etch the silicon nitride selectively to the silicon
dioxide will end up etching any underlying silicon or poly-
silicon members. The present invention overcomes the
problem of silicon and polysilicon pitting because even if
gate oxide layer 16 or oxide layer 19 is damaged or
includes defects, the etch used to etch silicon nitride
layer 20 is selective to both silicon dioxide and silicon
such that etching silicon nitride layer 20 will not etch any
portion of silicon substrate 12 or polysilicon gate elec-
trode 18.

After silicon nitride layer 20 is etched in accordance
with the present invention, portions of gate oxide layer
16 and oxide layer 19 which are not protected by either
sidewall spacers 24 or remaining portions of silicon
nitride layer 20 are then removed with a conventional wet
etch to expose portions of doped regions 14 and gate
electrode 18, as illustrated in FIG. 3. The exposed por-
tions of doped regions 14, and any exposed polysilicon,
undergo a conventional silicidation process. A typical sil-
icidation process involves the deposition of titanium or
other refractory metal across the entire device, and ther-
mally reacting the metal with adjacent silicon members
to form a refractory metal silicide. An etch is then used
to remove unreacted portions of the titanium layer, with-

R e i leto i te ol o otordaiey
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fraioe cilicidn roqions 28 {07TRET weiiens Ul Uoped
regions 14 ariu poiysiiicon gate electroae 18 in accord-
ance with this embodiment of the present invention.
Another embodiment of the present invention
invoives the use of ONO (oxide-nitride-cxide) diclectric
stacks in a semuconductor device. ONO stacks are
sometimes used as gate dielectrics between a floating
gate and a control gate of a nonvolatile memory device.
An exampie of this application is illustrated in FIGs. 4-6,
which illustrate in cross-section a portion of a semicon-
ductor device 40. Device 40 includes a semiconductor
substrate (for example a silicon wafer) having a logic por-
tion 44 and an memory portion 46. The logic portion and
memory portion are separated from one another by an
isolation region 48, which may be conventional field
oxide isolation or trench oxide isolation. As illustrated in
FIG. 4, a thin gate oxide layer 50 (about 85A) is grown
over both the memory and logic portions of the substrate.
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Then, a polysiiicon tloating gate electrcde is formed over
tne gate oxide layer within memory portion 46. Next, an
ONO dielectric stack having a bottom silicon dioxide
layer 54, a silicon nitride layer 56, ard a tcp silicon diox-
ide layer 58 is formed. Bottom silicon dioxide layer 54 is
thermally grown by oxidation of silicon and/or palysilicon
to a thickness of about 220A over polysiliconfloating gate
electrode 52. Due to the presence of gate oxide layer S0
elsewhere in device 40, additional oxidation of these
areas will be much less; therefore, bottom oxide layer 54
is only illustrated over the gate electrode. Silicon nitride
layer 56 is then deposited using conventional CVD to a
thickness of about 150A across the entire device, asiillus-
trated in FIG. 4. Top silicon dioxide layer 58 is formed by
oxidizing the silicon nitride layer to produce a very thin
oxide layer of about 30A.

ONO dielectric stacks, such as that described
above, are often used to separate floating gates from
control gates in non-volatile memory devices due to a
favorable ability of such a dielectric stack to retain
charge. However, the stack is not used in logic portions
of devices, and therefore is usually removed. To remove
the ONO from logic portion 44, a resist mask 60, for
instance a photoresist mask, is formed over the memory
portion of device 40, and unmasked portions of the ONO
(or ON) stack in the logic portion are removed by etching.
A problem in removing the ONO (or ON) is the possibility
of damaging the underlying substrate. For instance, in
reference to FIG. 4, in removing silicon nitride layer 56
over logic portion 44, one could use a dry etch which is
selective to silicon dioxide to stop on gate oxide layer 50.
However, as discussed above, known dry etches which
are selective to silicon dioxide are not selective to silicon,
such that damage or defects in gate oxide layer SO could
lead to pitting of the underlying substrate. Such damage
to the substrate is undesirable since it adversely affects
the integrity of subsequently grown oxide layers. One
could instead use a dry etch selective only to silicon so
that silicon nitride layer 56 and gate oxide layer S0 are
simuitaneously removed over iogic portion 44 howrever
RIS SO VG ISES W suiie URW 88 OF GRMIA0E 10 the cub-
straie cesgite the seiectivity fo silicon since the cichis a
dry oich. A kngwin methad v uvercome this problem 1s
to form a thicker sacrificial oxide layer (e.g. 400[\) in the
logic portion of the device than in the memory device so
{hatintemoving the ONC {cr ONj in the logic areas using
a plasma etch selective {0 siiicon, there is @ much
reduced chance of punching through the thicker sacrifi-
cial oxide layer and damaging the silicon. Instead, the
plasma etch is terminated about halfway through the
sacrificial oxide layer, and a wet etch is used to etch the
remaining half of the sacrificial oxide layer without dam-
aging the silicon. A true gate oxide (as opposed to the
thick sacrificial oxide) is then grown over the logic por-
tion. Asis evident, such a solution to the prebleminvolves
the additional steps of having to grow two different initial
oxide layers of different thicknesses in the logic and
memory portions of the device.
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With the present invention, the additicnal steps dis-
cussed above are ngt necessary. Asilustrated in FIG. 4,
a thin gate oxide layer 50 of uniform thickness can be
formed over both lcgic and memory pecrticns of the
device. In accordance with the present invention, top
oxide layer 58 and silicon nitride layer 56 are removed
from unmasked portions of the device 40 over logic por-
tion 44 using the inventive etch method described previ-
ously. Although the etch is selective to oxide, top oxide
layer 58 is thin enough (about 30A) so that the etch will
remove the layer. However, the etch is selective enough
so that silicon nitride layer 56 can be removed selectively
to gate oxide layer 50, as illustrated in FIG. 5. Further-
more, since the etch is also selective to silicon, there is
no threat of damaging underlying substrate 42 in logic
portion 44 even though gate oxide layer 50 may be dam-
aged or have defects therein.

FIG. 6 illustrates how processing of device 40 may
proceed after the ONO (or ON) stack is removed from
the logic portion of the device. A thicker true gate oxide
layer is needed in the logic portion of the device than in
the memory portion of the device; therefore, a thermal
oxidation step is used to grow a gate oxide layer 62 to
about 350A. This is preferably accomplished by first
stripping gate oxide layer 50 from above logic portion 44
using a conventional wet etch, and growing a new gate
oxide layer 62. A second polysilicon layer is then depos-
ited and patterned to form a gate electrode 64 within logic
portion 44 and a control gate electrode 66 overlying float-
ing gate electrode 52 within memory portion 46. The
ONO dielectric stack separates floating gate electrode
52 from control gate electrode for enhanced charge stor-
age capability.

Another application in which the present invention is
useful is in the formation of local interconnects in semi-
conductor devices. FIGs. 7-9 illustrate in cross-section a
portion of a semiconductor device 70 in which a local
interconnect is formed in accordance with the present
invention. As illustrated in FIG. 7, device 70 includes a
semicorductor substrate 72 having an active recion 74
8na an Ispiztion ranion /o igolaton ramon 78 g profor-
ably a trench isolation region formed of silicon dioxide in
accordance witn conventional trench tsolation methods,
although it may instead be formed as a conventional field
oxide. Active region 74 includes an N-well 78 having a
P+ doped region 80 formed fnerein. Aiternativaly, an N+
doped region may be formed in a P-well in active region
74. Doped region 80 may also include a silicide region
82, for example, a titanium silicide layer, over the doped
region.

Formed over isolation region 76 is a polysilicon line
84. Elsewhere in device 70, polysilicon line is likely to be
a gate electrode of a transistor; however, it is often nec-
essary to connect such an electrode to other portions of
the device, in which case the polysilicon line may be
routed across isolation regions. Often, it is desirable to
electrically connect the routed polysilicon line to a portion
of the active region. One method of achieving this con-
nection is through use of a local interconnect. A known
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methcd for forming a local intercornect in this situation
invoves depositing a dielectric layer, such as PSG (phos-
pho-silicate glass) or BPSG (ccrorn-doped phospho-sili-
cate glass), over the device ard etching a hole in the
dielectric layer which exposes both the polysilicon line
and portions of the active region tobe conrected. A prob-
lem in accomplishing this etch is that it is difficult to etch
PSG or BPSG selectively to underlying isolation region
76 since both may be comprised of silicon dioxide. As a
result, in removing the dielectric layer, it is likely that iso-
lation region 76 wou'd be overetched or recessed,
thereby causing leakage problems in any devices formed
within the active region.

The present invention overcomes such leakage
problems by employing an etch which is selective to both
silicon dioxide and silicon in conjunction with using a sil-
icon nitride etch mask. As illustrated in FIG. 7, and in
accordance with the present invention, polysilicon line
84 is routed over isolation region 76. Adjacent sidewalls
of polysilicon line 84 are optional sidewall spacers 86.
The polysilicon line may optionally include a silicide
region 82 as well. Alayer of silicon nitride is then depos-
ited over device 70, including over active region 74, iso-
lation region 76, and polysilicon line 84. In a preferred
embodiment of the present invention, silicon nitride layer
88 is deposited using a plasma-enhanced chemical
vapor deposition (PECVD) process such as those known
in the art. Next a dielectric layer 90 is deposited over sil-
icon nitride layer 88. Dielectric layer 90 may be BPSG,
PSG, TEOS (tetra-ethyl-ortho-silicate), a SOG {spin-on-
glass), or a similar dielectric material. A resist mask 92,
for example a photoresist mask, is formed over dielectric
layer 80 such that an opening 94 in the resist mask
defines the appropriate area where a local interconnect
is tobe formed. Once a patterned resist mask is in place,
dielectric layer 90 is etched selectively to silicon nitride
layer 88 within opening 94. This may be accomplished
using any of several known methods in the industry to
etch silicon dioxide or similar material selectively to sili-
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oﬁening 94 is remgved, however, silicon nitride layer €8
remains intact within opening 94. At this point, exposed
portions of silicon nitride layer 88 within cpening 94 are
etched by the inventive etch process described above to
expose doped region 80 and poiysiiicon line 84 (or sili-
cide regions 82 if present), as illustrated in FIG. 8. The
silicon nitride layer is etched in accordance with the
present invention in an anisotropic manner and such that
the silicon nitride is etched selectively to both silicon
dioxide (isolation region 76) and silicon (doped region
80, polysilicon line 84, silicide regions 82). Because the
etchis anisotropic, residual sidewall spacers 96 of silicon
nitride may be formed adjacent to sides of polysilicon line
84 or along sidewall spacers 86 if preseni In prior art
processes used to form local interconnect structures
similar to thatillustrated in FIG. 7, etches used to remove
a silicon nitride layer often resulted in an overetch in
either the silicon dioxide material used to form isolation
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region 76 or in silicon within the active region 74. How-
ever, with the present invention, the silicon nitride layer
88 can be removed selectively to toth these regions.
thereby minimizing the possibility of junction leakage.
Once the active region and polysilicon member overlying
the isolation region are exposed, as illustrated in FIG. 8,
a glue layer 97 it formed along the sidewalls and bottom
of opening 24. Glue layer 97, illustrated in FIG. 9, is used
to promote adhesion between dielectric layer 90 ard a
subsequently deposited conductive material. The con-
ductive material is deposited to fill opening 94, thereby
electrically connecting polysilicon line 84 and doped
region 80. As an example, a layer of tungsten may be
deposited across device 70 and subsequently etched or
polished back to form a local interconnect 98, as illus-
trated in FIG. 9. In the case of using tungsten, a suitable
glue layer 97 includes a combination of titanium and tita-
nium nitride to promote adhesion of the tungsten to the
adjacent dielectric layer. Rather than using a conductive
material to electrically connect a polysilicon line to the
active region, the conductive material could instead be
used to simply make a contact to the active region. For
example, opening 94 may be patterned only over active
region 74 and a portion of isolation region 76, without
encompassing another conductive member, such as
polysilicon line 84.

The foregoing description and illustrations con-
tained herein demonstrate many of the advantages
associated with the present invention. Amethod for etch-
ing silicon nitride using CF,4, O, and an inert gas, such
as argon, etches silicon nitride anisotropically, while at
the same time etches selectively to underlying silicon
dioxide and silicon materials. As previously described,
such an etching method is useful in a variety of applica-
tions in manufacturing semiconductor devices, including
forming silicon nitride sidewall spacers overlying a thin
oxide layer, removing an ONOQ dielectric stack over a thin
oxide to avoid damage to the underlying substrate, and
forming a local interconnect or a contact between an
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anohra‘hon: have been illustrated and described herain,
1t 1s anticipated that other applications of the present
invention will become apparent given the widespread
use of silicon nitride in semiconductor devices. in addi-
tion to tha many appiications of using thc present inven-
tion, a further advantage is that the present invention is
easily implementable in a manufacturing environment
since suitable plasma etch systems and gases used are
readily available. Moreover, incorporation of a method in
accordance with the present invention into a manuiac-
turing process has an advantage of eliminating many
existing process steps which are othenvise required to
overcome problems that prior art methods have relating
to poor selectivity and the isotropic inatuie of these imein-
ods when etching silicon nitride.

Thus, it is apparent that there has been provided in
accordance with the invention a method for etching sili-
con nitride that fully meets the need and advantages set
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torth above. Although the invention has been described
and illustrated with retererce to spec?ic embodimenis
thereof, it is nat intended that the invention be limited to
these illustrative embodiments. Those skilled in the art
will recognize that modifications and variations can be
made without departing from the spirit of the invention.
For example, the present invention is suitable for etching
any type of silicon nitride material, including silicon
nitride layers which are deposited using standard chem-
ical vapor deposition (CVD) or plasma-enhanced chem-
ical vapor deposition (PECVD). It is also noted that the
present invention can be used to etch silicon nitride
selectively to a variety of materials comprising silicon,
including but not limited to, single crystal silicon, polysil-
icon, amorphous silicon, silicides, and dielectric materi-
als comprising silicon dioxide which may be formed or
deposited in a variety of ways. Also, it is noted that while
argon is a preferred inert gas for use in accordance with
the presentinvention that other inert gases such as nitro-
gen, helium, xenon, or the like may be suitable alterna-
tive. Therefore it is intended that this invention
encompass all such variations and modifications as fall
with the scope of the appended claims.

Claims

1. A method of etching silicon nitride, comprising the

steps of:

providing a material selected from a group of
materials consisting of single crystal silicon, polysil-
icon, amorphous silicon, silicides, and silicon diox-
ide;

forming a layer of silicon nitride such that a
portion of the layer of silicon nitride is on the mate-
rial; and

anisotropically etching the portion of the layer
of silicon nitride selectively to the material;

wherein the step of anisotropically etching is
performed using a plasma etch system and using a

.»’5( > f‘.‘~;nw) ang av

2. A method of etching silicon ritride in 2 samiconduc-

tor device, comprising the steps of:

providing a semiconductor substrate com-
prised of silicon;

torming a polysilicon member over the semi-
conductor substrate, the polysilicon member having
a sidewall;

forming a layer of silicon nitride over the sem-
iconductor substrate and the polysilicon member
such that the layer of silicon nitride is present along
the sidewall of the polysilicon member; and

anisotropically etching the layer of silicon
nitride without etching the semiconductor substrate
{0 form a sidewall spacer adjacent ine sidewall of the
polysilicon member;

wherein the step of anisotropically etching is
performed using a plasma etch system and a CF,
gas, an O, gas, and an inert gas.
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The method of claim 2 further comprising the step
of forming an oxide layer over the semicorductor
substrate, and wherein the step of forming a polysil-
icon member comprises forming a polysilicon mem-
ber on the oxide layer, wherein the step of forming a
layer of silicon nitride comprises forming a layer of
silicon nitride on the oxide layer, and wherein the
step of anisotropically etching comprises anisotrop-
ically etching the layer of silicon nitride selectively to
the oxide layer.

A method of etching silicon nitride in a semiconduc-
tor device, comprising the steps of:

providing a semiconductor substrate;

forming a floating gate electrode over the
semiconductor substrate;

forming a dielectric stack of an oxide layer
and a silicon nitride layer over the floating gate elec-
trode and over the semiconductor substrate;

masking a portion of the dielectric stack over
the floating gate electrode with a resist mask to cre-
ate a masked portion and an unmasked portion of
the dielectric stack; and

removing the dielectric stack in
unmasked portion of the dielectric stack;

wherein the step of removing comprises ani-
sotropically etching the silicon nitride layer without
etching the semiconductor substrate by plasma
etchingusinga CF4 gas, an Oz gas, and aninertgas.

the

The method of claim 4 further comprising the step
of forming a gate oxide layer over the semiconductor
substrate, and wherein the step of forming a dielec-
tric stack comprises forming the silicon nitride layer
of the dielectric stack over the gate oxide layer, and
wherein the step of removing the dielectric stack
comprises anisotropically etching the silicon nitride
layer selectively to the gate oxide layer.

providing a séheic;ncucﬁcz subetrate having
an active region and an isolation region abutting the
active region;

forming a layer of silicon nitride over the
active region and the isolation region;

forming a dielectric layer over the layer of sil-
icon nitride, the active region, and the isolation
region;

patterning an opening in the dielectric layer,
the opening overlying a portion of the active region
and a portion of the isolation region and exposing a
portion of the layer of silicon nitride; and

anisotropically etching the portion of the layer
of silicon nitride exposed by the opening seiectively
to the portion of the active region and the portion of
the isolation region;

wherein the step of anisotropically etching
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comprises plasma etching the layer of silicon nitride
using a CF,4 gas, an O3 gas, ard an inert gas.

The method of claims 1, 2, 4, or 6 wherein the step
of anisotropically etching is performed using argon
as the inert gas.

The method of claim 1, 2, 4, or 6 wherein the step
of anisotropically etching comprises using aplasma
etch system having an etch chamber, and wherein
a plasma is generated in the elch chamber.

The method of claims 1, 2, 4, or 6 wherein the step
of anisotropically etching comprises etching in a
magnetically enhanced plasma etch system.

The method of claims 1, 2, 4, or 6 wherein the step
of anisotropically etching is performed with a resist
mask in place.
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(54) Method for etching silicon nitride
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DOCKET NUMBER: 71971-012 TOo
Prior Application: N
Art Unit: 2822
Examiner: Roy Karl Potter
NEW APPLICATIONS

FEE

Mail Stop NEW APPLICATION
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
This is a Request for filing a Divisional application under 37 CFR 1.53(b) of pending prior application

Serial No. 10/454,682, filed on June S, 2003, entitled SEMICONDUCTOR DEVICE AND METHOD OF

MANUFACTURING THE SAME, by the following named inventors: Mizuki SEGAWA, Isao MIYANAGA,

Toshiki YABU, Takashi NAKABAYASHI, Takashi UEHARA, Kyoji YAMASHITA, Takaaki UKEDA, Masatoshi
ARAI, Takayuki YAMADA and Michikazu MATSUMOTO.

1. XI I hereby state that the enclosed application contains no new matter.

-

2. Oath or Declaration
a. []  Newly executed (original or copy)
b. X Copy from a prior application (37 CFR 1.63(d))
i. O Deletion of inventor(s)

Signed statement attached deleting inventor(s) named in the prior application, see 37 CFR
1.63(d)(2) and 1.33(b).

3. 4 Incorporation By Reference (useable if Box 2b is checked)
The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied
under Box 2b, is considered as being part of the disclosure of the accompanying application and is hereby
incorporated by reference therein.

4. X1 Preliminary Amendment is enclosed.

5. X An Information Disclosure Statement and PTO1449 Form are submitted herewith.

6. X  Cancel claims 1-38.
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= 3 The filing fee is calculated on the basis of the claims existing in the prior application as amended at 4 and 6
Cabove:
NO. OF EXTRA
CLAIMS CLAIMS RATE AMOUNT
Total Claims 14 -20 0 $18.00 = $0.00
Independent Claims 1 -3 0 $88.00 = $0.00
Basic Application Fee $790.00
If multiple dependent claims are presented, add $0.00 $0.00
Total Application Fee $790.00
Subtract ¥ if small.entity $0.00
TOTAL APPLICATION FEE DUE $790.00
AMOUNT TO BE CHARGED TO DEPOSIT ACCOUNT NO. 500417 $790.00
7a. ] Enclosed is a Verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27.
7v. ] A verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 was filed in
prior application and such status is still proper and desired.
8a. X PLEASE CHARGE DEPOSIT ACCOUNT 500417 in the amount of $790.00
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SEMICONDUCTOR DEVICE AND

METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION
The present invention relates to a semiconductor device
5 including transistors and connection between the transistors
for constituting an LSI with high integration and a decreased
area.
With the recent development of a semiconductor device with
high integration and high performance, there are increasing
10 demands for more refinement of the semiconductor device. The
improvement of the cénventional techniques cannot follow these
demands, and novel techniques are unavoidably introduced in
some technical fields. For example, as a method of forming an
isolation, the LOCOS isolation method is conventionally adopted
15 in view of its simpleness and low cost. Recently, however, it
is considered. that a trench buried type isolation (hereinafter
referred to as the trench isolation) is more advantageous for
manufacturing a refined semiconductor device.
Specifically, in the LOCOS isolation methéd, since
20 selective oxidation is cénducted, the so-called bird's beak
occurs in the boundary with a mask for - preventing the
oxidation. As a result, the dimenéion of a transistor is
chapged because an insulating film of the isolation invades a
transistor region against the éctually deéigned mask dimension.

25 This dimensional change is unallowable in the refinement of a

-1 -
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semiconductor device after the 0.5 um generation. Therefore,
even in the mass-production techniques, the isolation forming
method has started to be changed to the trench isolation method
in which the dimensional change is very small. For example,
S IBM corporation has introduced the trench isolation structure
as a 0.5 pym CMOS process for the mass-production of an MPU (IBM
Journal of Research and Development, VOL. 39, No. 1/2, 1995,
pPp. 33 - 42).
Furthermore, in a semiconductor device mounting elements
10 such as a MOSFET in an active area surrounded with an
isolation, an insulating film is depdsited on the active area,
the isolation and a gate electrode, and a contact hole is
formed by partly exposing the insulating film for connection
between the active area and an interconnection member on a
15 - layer above the insulating film. This structure is known as a
very common structure for the semiconductor device.
Figure 17 is a sectional view for showing-the structure of
a conventional semiconductor device. 1In Figure 17, a referehce
numeral 1 denotes a silicon substrate, a reference numeral 2b
20 denotes an isolation with a trench isolation structure which is
made of a silicon oxide film and whose top surface is flattened
SO as to be at the same level as the top surface of the silicon
substrate 1, a reference numeral 3 denotes a gate oxide film
made of a silicon oxide film, a reference numeral 4a denotes a
25 pPolysilicon electrode wo;king as a gate electrode, a reference

numeral - 4b denotes a polysilicon interconnection formed

-2-

Page 143 of 262



simultaneously with the polysilicon electrode 4a, a reference
numeral 6 denotes a low-concentration source/drain region
formed by doping the silicon substrate with an n-type impurity
at a low concentration, a reference numeral 7a denotes an
5 electrode sidewall, a reference numeral 7b denotes an
interconnection sideﬁall, a reference numeral 8 denotes a high-
concentration source/drain region formed by dobing the silicon
substrate with an n-type impurity at a high concentration, a -
reference numeral 12 denotes an insulating film made of a
10 silicon oxide film, and a reference numeral 13 denotes a locgl
interconnection made of a polysilfcon film formed on the
insulating film 12.
The local interconnection 13 is also filled within a
connection hole 14 formed in a part of the insulating film 12,
15 So as to be contacted with the source/drain region in the
active area through the connection hole 14. In this case, the
connection hole 14 is formed apart from the isolation 2b by a
predetermined distance. In other words, in the conVentional
layout rule for such a semiconductor device, there is a rule
20 that the edge df a connection hole is previously located away
from the boundary between the active area and the isolation
region so as to prevent a part'of the connection hole 14 from
stretching over the isolation 2b even when a maék alighment
shift is caused in photolithography (this distance between the
25 connection hole and the isolation is designated as an alignment

margin) .

1
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However, in the structure of the semiconductor device as
shown in Figure 17, there arise problems in the attempts to
further improve the integration for the following reason:

A distance La between the polysilicon electrode 4a and the

5 isolation 2b is estimated as an index of the integration. 1In
order to prevent the connection hole 14 from interfering the
isolation 2b as described above, the distance La is fequired to
be 1.2 pym, namely, the sum of the diameter of the connection
hole 14, that is, 0.5 pm, the width of the electrode sidewall

10 7a, that is, 0.1 pm, the alignment margin from the polysilicon
electrode 4a, that is, 0.3 pm, and éhe alignment margin from
the isolation 2b, that is, 0.3 pm. A connection hole has
attained a more and more refined diameter with the development
of processing techniques, and also a gate length has been

15 decreased as small as 0.3 pm or less. Still, the alignment
margin in consideration of the mask alignment shift in the
photolithography is required to be . approximately 0.3 um.
Accordingly, as the gate length and the connection hole
diameter are more refined, the proportion of the alignment

20 margin is increased. This alignmenf margin has become an
obstacle to the high integration.

Therefore, attempts have been made to form the connection
hole 14 without considering the dalignment margin in view of the
alignment shift in the photolithography. Manufacturing

25 procedures adopted in such a case will now be described by

exemplifying an n-channel MOSFET referring to Figures 18(a)

k]
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through 18(c).

First, as is shown in Figure 18(a), after forming an
isolation 2b having the trench structure in a silicon substrate
1 doped with a p-type impurity (or p-type well), etch back or
5 the 1like is conducted for flattening so as to place the
surfaces of the isolation 2b and the silicon substrate 1 at the
same level. In an active area sﬁrrounded with the isolation
2b, a gate oxide film 3, a polysilicon electrode 4a serving as
a gate electrode, an electrode sidewall 7a, a low-concentration
10 source/drain region 6 and a high-concentration source/drain
region 8 are formed. On the isolétion 2b are disposed a
poiysilicon interconnection 4b formed simultaneously with the
polysilicon electrode 4a and an interconnection sidewall 7b.
At this point, the top surface of the high-concentration
15 source/drain region 8 in the active area is placed at the same
level as the top surface of the isolation 2b. Then, an
insulating film 12 of a silicon oxide film is formed on the
entire top surface of the substrate.
Next, as is shown in Figure 18(b), a resist film 25a used
20 as a mask for forming a connection hole is formed on the
insulating film 12, and the connection hole 14 is formed by,
for example, dry etching.
Then, as is shown in Figure 18(c), the resist film 2Sa is
removed, and a polysilicon film is deposited on the insulating
25 film 12 and within the connection hole 14. The polysilicon

film is then made into a desired pattern, thereby forming a
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local interconnection 13.

At this point, in the case where the alignment margin in
view of the mask alignment shift in the formation of the
connection hole 14 is not considered in estimating the distance

5 La between the polysilicon electrode 4a and the isolation 2b,
a part of the isolation 2b is included in the connection hole
14 when the exposing area of the resist film 25a is shifted
toward the isolation 2b due to the mask alignment shift in the
photolithography. Through over-etch in conducting the dry

10 etching of the insulating film 12, although the high-
concentration source/drain region ‘8 made of the silicon
substrate is not largely etched because of its small etching
rate, the part of the isolation 2b included in the connection
hole 14 is selectively removed, resulting in forming a recess

15 40 in part of the connection hole 14. When the recess 40 in
the connection hole 14 has a depth exceeding a given proportién'
to the depth of the high—concent:ation source/drain region 8,
junction voltage resistance can be decreased and a junction
leakage current can be increased because the concentration of

20 the impurity in the high-concentration source/drain region 8 is
low at that depth.

In order to prevent these phenomena, it is necessary to

"provide a predetermined alignmént margin as is shown in the

Structure of Figure 17 so as to prevent the connection hole 14

25 . from interfering the isolation 2b even when the alignment shift
is caused in the lithography. In this manner, in the
-6 -
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conventional 1layout rule for a semiconductor device, an
alignment margin in view of the mask alignment shift in the
photolithography is unavoidably provided.

Furthermore, a distance between the polysilicon electrode

5 4a and the connection hole 14 is also required to be provided
with an alignment margin. Otherwise, the connection hole 14
can interfere the polysilicon electrode 4a due +to the
fluctuation caused in the manufacturing procedures, resulting
in causing electric short-circuit between an upper laye;

10 intérconnection buried in the connectioﬁ hole and the gate
electrode.

As described above, it is necessary to provide the
connection hole 14 with margins for preventing the interference
with other elements around the cqnnection hole, which has

15 become a large obstacle to the high integration of an LSI.

Also in the case where a semiconductor device having the
so-called salicide structure is manufactured, the following
problems are caused due to a recess formed in the isolation:

Figure 19 is a sectional view for showing an example of a

20 semiconductor device including the conventional trench
isolation and a MOSFET having the salicide structure. As is
shown in Figufe 19, a trench isolation 105a is formed in a
silicon substrate 101. In an active area surrounded with the
isolation 105a, a gate insulating film 103a, a gate electrode

25 107a, and electrode sidewalls 108a on both side suffaces of the

gate electrode 107a are formed. Also in the active area, a
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low-concentration soﬁrce/drain region 106a and a hiéh-
concentration source/drain region 106b are formed on both sides
of the gate electrode 107a. A channel stop region 115 ié
formed below the isolation 105a. Furthermore, in areas of the
5 silicon substrate 101 excluding the isolation 105a and the
active area, a gate interconnection 107b made of the same
polysilicon film as that for the gate electrode 107a is formed
with a gate insulating film 103b sandwiched, and the gate
interconnection 107b is provided with interconnection sidewalls
10 108b on its both side surfaces. On the gate electrode 107a,
the gate interconnection 107b and the high~concentration
source/drain region 106b, an upper gate electrode 109a, an
upper gate interconnection 109b and a source/drain electrode
109c¢ each made of - silicide ére respectively formed.
15 Furthermore, this semiconductor device includes an interlayer
insulating film 111 made of a silicon oxide film, a metallic
interconnection 112 formed on the interlayer insulating film
111, and a contact member 113 (buried conductive layer) filled
in a connection hole formed in the interlayer insulating film
20 111 for connecting the metallic interconnection 112 with the
source/drain electrode 109c.

Now, the manufacturing procedures for the semiconductor
device including the conventional trench isolation and tﬁe
MOSFET with the salicide structure shown in Figure 19 will be

25 described referring to Figures 20(a) through 20(e).

First, as is shown in Figure 20(a), a silicon oxide film
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1i6 and a silicon nitride film 117 are successively deposited
on a silicon substrate 101, and a resist film 120 for exposing
an isolation region and masking a transistor region is formed
on the silicon nitride film 117. Then, by using the resist
5 film 120 as a mask, etching is conducted, so as to selectively
remove the silicon nitride film 116 and the silicon oxide film
117, and further etch the silicon substrate 101, thereby
forming a trench 104. Then, impurity ions are injected into
the bottom of the trench 104, thereby forming a channel stop
10 region 115.
Then, as is shown in Figure ZO(b), a silicon oxide film
(not shown) is deposited, and the entire top surface is
flaftened until the surface of the silicon nitride film 117 1is
.exposed. Through this procedure, a trench isolation 105a made
15 of the silicon oxide film filled in the trench 104 is formed in
the isolation region Reiso.
Next, as is shown in Figure 20(c), after the silicon
nitride film 117 and the silicon oxide film 116 are removed, a
gate oxide film 103 is formed on the silicon substrate 101, and
20 a polysilicon film 107 is deposited thereon. Then, a
photoresist film 121 for exposing areas excluding a region for
forming a gate is formed on the polysilicon film 107.
Then, as 1is shown in Figure 20(d), by wusing the
photoresist film 121 as a mask, dry etching is conduct‘:ecill,
25 thereby selectively removing the polysilicon film 107 and the

gate oxide film 103. Thus, a gate electrode 107a of the MOSFET
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in the transistor region Refet and a gate interconnection 107b
stretching over the isolation 105a and the silicon substrate
101 are formed. After removing the photoresist film 121,
impurity ions are injected into the silicon substrate 101 by
5 using the gate electrode 107a as a mask, thereby forming a low-
concentration source/drain region 106a. Then, a silicon oxide
film 108 is deposited on the entire top surface of the
substrate.
Next, as is shown in Figure 20(e), the silicon oxide film
10 108 is anisotropically dry-etched, thereby forming electrode
sidewalls 108a and interconnection sihewalls 108b on both side
‘surfaces of the gate electrode 107a and the gate
interconnection 107b, fespectively. At this point, the gate
oxide film 103 below the silicon oxide film 108 is
15 simultaneously removed, and the gate oxide film 103 below the
gate electrode 107a alone remains. - Then, impurity ions are
diagonally injected by using the gate electrode 107a and the
glectrode sidewalls 108a as masks, thereby forming a high-
éoncentration source/drain region 106b. Then, after a Ti film
20 is deposited on the entire top surface, high temperatufe
annealing is conducted, fhereby causing a reaction between the
Ti film and the components made of silicon directly in contact
with the Ti film. Thus, an upper gate electrode 109a, an upper
gate interconnection 109b and a source/drain electrode 109c
25 made of silicide are formed.

The.procedures to be conducted thereafter are omitted, but

‘
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the semiconductor device including the MOSFET having the
structure as shown in Figure 19 can be ultimately manufactured.
In Figure 19, the metallic interconnection 112 is formed on the
interlayer insulating film 111, and the metallic
5 interconnection 112 is connected with the source/drain
electrode 109c through the contact member 113 including a.W
plug and the like filled in the contact hole.
When the aforementioned trench isolation structure is
adopted, the dimensional change of the source/drain region can
10 be suppressed because the bird’s beak, that is, the oxide film
invasion of an active area, which is caused in the LOCOS method
where a thick silicon oxide film is formed by thermal
oxidation, can be avoided. Furthermore, in the procedure shown
in Figure 20(c), the surfaces of the isolation 105a and the
15 silicon substrate 101 in the transistor region Refet are placed
at the same level.
In such a semiconductor device having the trench fype
isolation, however, there arise the following problens:
When the procedures proceed from the state shown in Figure
20 20(d) to the state shown in Figure 20(e), the silicon oxide
‘film 108 is anisotropically etched so as to form the sidewalls
108a and 108b. At this point, over-etch is required. Through
this over-etch, the surface of the isolation 105a is removed by
some depth.
25 Figures 21(a) and 21(b) are enlarged sectional views

around the boundary between the high-concentration source/drain

H
1
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region 106b and the isolation 105a after this over-etch.

As is shown in Figure 21(a), between the procedures shown
in Figures 20(d) and 20(e), the impurity ions are diagonally
injected so as to form the high-concentration source/drain

5 region 106b. Through this ion injection, the high-
concentration source/drain region 106b is formed also below the
edge of the isolation 105a because the isolation 105a is
previously etched by some depth. Accordingly, the high-
concentration source/drain region 106b is brought closer to the

10 channel stop region 115, resulting in causing the problems of
degradation of the junction voltage resistance and increase of
the junction leakage current.

In addition, as is shown in Figure 21(b), in the case
where the Ti film or the like is deposited on the high-

15 concentration source/drain region 106b so as to obtain the
silicide layer through the reaction with the silicon below, the.
thus formed silicide layer can invade the interface between the
silicon substrate 101 and the isolation 105a with ease. As a
result, a short-circuit current can be caused between the

20 - Source/drain electrode 109c made of silicide and the channel

stop region 115.

SUMMARY OF THE INVENTION
The object of the present invention is improving the
structure of an isolation, so as to prevent the problems caused

25 because the edge of the isolation is trenched in étching for
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the formation of a connection hole or sidewalls.

In order fo achieve the object, the invention proposes
first and second semiconductor devices and first through third
methods of manufacturing a semiconductor deviée as described

S below.

The first semiconductor device of this invention in which
a semiconductor- element is disposed in each of plural actiﬁe
areas in a semiconductor substrate comprises an isolation for
surrounding and isolating each active area, the isolation

10 having a top surface at a higher level than a surface of the
active area and having a step portidn in a boundary with the
active area; an insulating film formed so as to stretch over
each active area and the isolation; plural holes each formed by
removing a portion of the insulating film disposed at least on

15 the active area; plural buried conductive layers filled in the
respective holes; and plural interconnection members formed on
the insulating film so as to be connected with the respective
active areasAthrouéh the respective buried conductive layers.

Owing to this structure, in the case where a part of or

20 all the holes are formed so as to stretch over the éctive areas
and the isolation due to mask alignment shift in
photolithography, a part of the isolation is removed by over-
etch for ensuring the formation of the holes. In such a case,
even when the top surface of the isolation is trenched to be

25 lower than the surface of the active are&, the depth of the

holes formed in the isolation is small in the boundary with the
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active area because of the level difference between the top
surface of the isolation and the surface of the active area.
Accordingly, degradation of the junction voltage resistance and
increase of the junction leakage current can be suppressed.

5 Therefore, there is no need to provide a portion of the active
area where each hole is formed with an alignment margin for
avoiding the interference with the isolation caused by the mask
alignment shift in the lithography. Thus, the area of the
active area can be decreased, resulting in improving the

10 integration of the semiconductor device.

In the first semiconductor deviée, at least a part of the
plural holes can be formed so as to stretch over the active
-area and the isolation due to fluctuation in manufacturing
procedures.

15 In other words, even when no margin for the mask alignment
in the 1lithography is provided, the problems caused in the
formation of the holes can be avoided.

‘"Furthermore, the angle between a side surface of the step
portion and the surface of the-active area is preferably 70

20 degrees or more.

As a result, when the hole interferes the isolation, the
part of the isolation included in the hole is definitely
prevented from being etched through over-etch in the formation
of the holes down to a depth where the impurity concentration

25 is low in the active area.

The isolation is preferablyAa trench isolation made of an

i
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insulating material filled in a trench formed by trenching the
semiconductor substrate by a predetermined depth.

This is because no bird's beak is caused in the trench
isolation differently from a LOCOS film as described above, and

5 hence, the trench isolation is suitable particularly for the
high integration and refinement of the semiconductor device.

In the first semicénductor device, when the semiconductor
element is a MISFET including a gate insulating film and a gate
electrode formed on the active area; and source/drain regions

10 formed in the active area on both sides of the gate electrode,
the following preferred embodiments can be adopted:

The semiconductor device can further comprise a gate
interconnection made of the same material as that for the gate
electrode and formed on the isolation, each of the holes can be

15 formed on an area including the source/drain region, the
isolation and the gate interconnection, .and the plural
interconnection members can be connected with the gate
interconnection on the isolation.

Owing to this configuration, in fhe case where the

20 ‘interconnection members work as local interconnectioﬁs for
connecting a gate interconnection on the isolation with the
active area, there is no need to separately form holes in the
insulating film on the gate interconnection and the insulating
film on the active area. In addition, there is no need to

25 provide the separate holes with alignment margins from the

boundary. between the active area and the isolation.
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Accordingly, the area of the isolation can also be decreased(
resulting in largely improving the integration of the
semiconductor device.

The semiconductor device can further comprise electfode

5 sidewalls made of an insulating material and formed on both
side surfaces of the gate electrode; and a step sidewall made
of the same material as the insulating material for the
electrode sidewalls and formed on the side surface of the step
portion. 1In this semiconductor device, at least a part of the

10 holes can be formed by also removing a portion of the
insulating film disposed on the step‘sidewall.

Owing to this structure, the abrupt 1level difference
between the surfaces of the isolation and the active area can
be released by the step sidewall. Therefére, a'reéidue is

15 scarcely generated in patterning the interconnection members,
and an upper interconnection is prevented from being
disconnected and increasing in its resistance. |

The semiconductor device can further comprise a gafe
protection film formed on the gate electrode, and at least a

20 part of the holes can be formed so as to stretch over the
source/drain region and at least a part of the gate protection
film.

Owing to this structure, a part of the gate protection
film included in the hole is removed by the over-etch in the

25 formation of the holes. However, the gate electrode is

protected by the gate pfotection film, and hence, electrical
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short ciréuit between the gate electrode and the

interconnection member can be prevented. Accordingly, there is

no need to provide an alignment margin from the gate electrode

in the area where each hole is formed, resulting in further
5 improving the integration.

The interconnection members can be first layer metallic
interconnections, and the insulating film can be an interlayer
insulating film disposed between the semiconductor substrate,
and the first layer metallic interconnections. In this case,

10 the semiconductor device preferably further comprises, between
the interlayer insulating film and the semiconductor substrate
an underlying film made of an insulating material having high
etching selectivity against the interlayer insulating film.

The second semiconductor device of this_invention in which

15 a semiconductor element is disposed in each of plural active
areas in a semiconductor substrate comprises a trench isolation
for isolating and surrounding each active area, the trench
isolation having a top surface at a higher level than a surface
of the activé area and having a step portion in a boundary with

20 the active area; and a step sidewall formed on the side surface
of the step portion of the trench isolation.

Owing to this structure, in the impurity ion injection for
the formation of an impurity diffused 1layer of the
semiconductor device, the step sidewall disposed at the edge of

25 the trench isolation can prevent the impurity ions from being

implanted below the edge of the isolation. Furfhermore, also
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in adopting the structure including a source/drain electrode
made of silicide, the step sidewall can prevent the silicide
layer from being formed at a deep portion. Therefore, a short
cifcuit current can be prevented from occurring between the
5 source/drain electrode and a substrate region such as the
channel stop region. In this manner, the function of the
trench isolation to isolate each semiconductor element can be
prevented from degrading.
In the second semiconductor device, the step sidewall is
10 preferably made of an insulating material.
Also in the second semiconductor'device, the semiconductor
element can be a MISFET including a gate insulating film and a
gate electrode formed on the active'area; and source/drain
regions formed in the active area on both sides of the gate
15 electrode. This semicohductor device can be further provided
with electrode sidewalls formed on both side surfaces of the
gate electrode, and the step sidewall can be formed
simultaneously with the electrode sidewalls.
Owing to this structure, the semiconductor elements can be
20 a MISFET having the LDD structure suitable for the refinement.
Because of this structure together with the trench isolation
étructure, the semiconductor device can attain a structure
particularly suitable for. the refinement and the high
integration.
25 The first method of manufacturing a semiconductor device

in which a semiconductor element is disposed in each of plural
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active areas in a semiconductor substrate comprises a first

step of forming an isolation in a part of the semiconductor

substrate, the isolation having a top surface at a higher level

than a surface of the semiconductor substrate and ﬁaving a step

5 portion in a boundary with the surface of the semiconductor

substrate; a second step of introducing an impurity at a high

concentration into each active area of the semiconductor

substrate surrounded by the isolation; a third step of forming

an insulating film on the active area and the isolation; a

10 fourth step of forming, on the insulating film, a masking

member having an exposing area above an area at least including

a portion of the active area where the impurity at the high

concentration is introduced; a fifth step of conducting etching

by using the masking'member so as to selectively remove the

15 insulating film and form holes; and a sixth step of forming a

buried conductive layer by filling the holes with a conductive

material and forming, on phe insulating film, interconnection

members to be connected with the buried conductive layer. In

this method, in the fourth step, an alignment margin is not

20 provided for preventing thé'éxposing area of the masking member

from including a portion above the isolation when mask shift is
caused'in photolithography.

In adoptihg this method, even when a part of the isolatién

is removed by over-etch in the fifth step so that the top

25 surface of the isolation is etched to be lower than the surface .

of the active area, the depth of the holes formed in the
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isolation is small because of the level difference between the
isolation and the active area. Accordingly, the decrease of
the junction voltage resistance and the increase of the
junction leakage current can be suppressed in the manufactured

S semiconductor device. In addition, the area of the active area
can be decreased because no alignment margin from the isolation
is provided, resulting in improving the integration .of the
manufactured semiconductor device.

In the first method of manufacturing a semiconductor

10 device, the following preferred embodiments can be adopted:

The fifth step is preferably pérformed sO as to satisfy
the following inequality:

OE x a x (ER2 / ER1) = b + D x (2 / 10)
wherein “a” indicates a thickness of the insulating film, “b”

15 indicates a level difference between the surface of the active
area and the top surface of the isolation, “ER1" indicates an
etching rate of the insulating film, “ER2" indicates an etching
rate of the isolation, “D” indicates a depth of an impurity
diffused layer in the active area, and "OE” indicates an over-

20 etch ratio of the insulating film.

In adopting this method, even when a part of the isolation
included in the hole is removed by over-etch in the formation
of the holes, the bottom of the etched portion does not reach
a portion where the impurity concentration is low in the actiQe

25 area. In other words, the top surface of the isolation is

never placed at a lower level than the surface of the active
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area. Accordingly, the degradation of the junction voltage
resistance and the increase of the junction leakage current can
be definitely prevented in the manuféctured semiconductor
device.

5 When fhe semiconductor element is a MISFET, the method can
further include, before the second step, a step of forming a
gate insulating film on the active area, a step of depositing
a conductive film on the gate insﬁlating film and a step of
forming a gate electrode by patterning the conducive film, and

10 in the second step, the impurity at the high concentration is
introduced so as to form a source/drain region. In such a
case, the following preferred embodiments can be adopted.

The method .can further comprise, after the step of
depositing the conductive film, a step of depositing .a
15 protection insulating film on the conductive film, and in the
step of forming the gate electrode, the conductive‘film as well
bas the protection insulating film are patterned, so as to form
a gate protection film on the gate electrode. The fifth step
can be performed so as to satisfy the following inequality:
20 OE x a x (ER3 / ER1) < ¢
wherein “a” indicates a thickness of the insulating film, “c”
indicates a thickness of the gate protection film, “ER1"
indicates an etching rate of the insulating f£film, “ER3"
indicates an etching rate of the gate protection film and 'Oﬁ'
25 indicates an over-etch ratio of the insulating film.

When this method is adopted, while the area of the active
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area is decreased by not providing an alignment margin for
avoiding the interference between the connection hole and the
gate electrode, the hole is prevented from reaching the gate
electrode below the gate protection film.

S In the fourth step, the masking member can be formed to be
positioned without providing a margin for preventing the
exposing area thereof from including a portion above the gate
protection film even when the mask shift is caused in the
photolithography.

10 Alternatively, in the fourth step, the masking member can
be formed to be positioned with the exposing area thereof
including at 1least a part of a portion above the gate
protection film when the mask shift is not caused in the
photolithography.

15 In the third step, anAinterlayer insulating film can be
formed as the insulating film, and in the sixth step, first
layer metallic interconnections can be formed as the
interconnection members. In such a case, it is preferred that
the interlayer insulating film is formed in the third step

20 after an underlying film made of an insulating material having
high etching selectivity against the interlayer insulating film
is formed below the interlayer insulating film.

The second method of manufacturing a semiconddctor device
of this invention comprises a first step of forming an

25 underlying insulating film on a semiconductor substrate; -a

sécond step of depositing an etching 'stopper film on the
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underlying insulating film; a third step of forming a trench by

exposing a portion of the etching stopper film and the

underlying insulating film where an isolation is to be formed

and etching the semiconductor substrate in the exposed portion;

5> a fourth step of depositing an insulating film for isolation on

an entire top surface of the substrate, flattening the

substrate until at least a surface of the etching stopper film

is exposed: and forming a trench isolation in the trench so as

to surround a transistor region; a fifth step of removing, by

10 etching, at least the etching stopper film and the underlying

insulating film, so as to exposela Etep portion between the

transistor region and the trench isolation; a sixth step of

depositing a gate oxide film and a conductive film on the

substrate and making the conductive film into a pattern of at

15 least a gate electrode; a seventh step of depositing an

insulating film for sidewalls on the entire top surface of the

substrate and anisotropically etching the insulating film for

the sidewalls, so as to form electrode sidewalls and a step

sidewall on side surfaces of the gate electrode and the step

20 portion, respectively; and an eighth step of introducing an

impurity into the semiconduétor substrate in the transistor

region on both sides of the gate electrode, so as to form
source/drain regions.

When this method is adopted, since the step sidewall is

25 formed between the semiconductor substrate in the transistor

region and the trench isolation after completing the fifth

. i
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step, the impurity ions are prevented from being implanted
below the edge of the trench isolation in the impurity ion
injection in the eighth step. Furthermore, also when an area
in the vicinity of the surface of the source/drain region is

5 subsequently silicified, the step sidewall made of the
insulating film can prevent the silicide layer from being
formed at a deep portion. Accordingly, not only the
degradation of the junction voltage resistance and the current
leakage but also the occurrence of a short circuit current

10 between the source/drain electrode and the substrate region
such as the channel stop region can Se prevented.

In the second method of manufacturing a semiconductor
device, the following preferred embodiments can be adopted:

In the sécond step, the thickness of the etching stopper

15 film is preferably determined in consideration of an amount of
over-etch in the seventh step, so that the step portion having
a level difference with a predetermined size or more is exposed
in the fifth step.

The method can further comprise, after completing the

20 eighth step, a étep of silicifying at least an area in the
vicinity of the surface of the source/drain region.

The third method of manufacturing a semiconductor device
of this invention comprises a first step of forming a gafe
insulating film on a semiconductor substrate; a second step of

25 depositing a first conductive film to be formed into a gate

electrode on the gate insulating film; a third step of forming
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a trench by exposing a portion of the first conductive film

where a trench isolation is to be formed and etching the

_semiconductor substrate in the exposed portion; a fourth step

of depositing an insulating film for isolation on an entire top

S surface of the substrate, flattening the substrate at least

until a surface of the first conductive film is éxposed, and

forming the trench isolation in the trench so as to surround a

transistor region; a fifth step of depositing a second

conductive film to be formed into at least an upper gate

10 electrode on the entire top surface of the flattened substrate;

a sixth step of making the first and second conductive films

into a pattern at least of the gate electrode and exposing a

step portion between the transistor region and the trench

isolation; a seventh step of depositing an insulating film for

15 sidewalls on the entire top surface of the substrate and

anisotropically etching the insulating film for the sidewalls,

So as to form electrode sidewalls and a step sidewall on side

surfaces of the gate electrode and the step portion,

respectively; and an eighth step of introducing an impufity

20 into the semiconductor substrate in the transistor region on

both sides of the gate electrode, so as to form source/drain
regions.

When this ﬁéthod is adopted, the same effects as those

attained by the second method of manufacturing a semiconductor

25 device can be attained. 1In addition, in the patterning process

for the gate electrode, the top surface of the substrate is
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completely - flat, and hence, the patterning accuracy for the

gate electrode can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1(a) through 1(d) are sectional views for showing
manufacturing procedures of Embodiment 1 up to the formation of
an isolation;

Figures 2(a) through 2(e) are sectional views for showing
the manufacturing procedures of Embodiment 1 after the
formation of the isdlation;

Figures 3(a) through 3(f) are séctional views for showing
manufacturing procedures of Embodiment 2 after the formation of
an isolation;

Figures 4(a) through 4(c) are sectional views for showing
manufacturing procedures of Embodiment 3;

Figures 5(a) through 5(c¢) are sectional views for showing
manufacturing procedures of Embodiment 4;

Figures 6(a) through 6(f) are sectional views for showing
manufacturing procedures of Embodiment 5; |

° Figures 7(a) through 7(c) are sectional views for showing
manufacturing procedures of Embodiment 6;

Figures 8(a) through 8(c) are sectional views for showing
manufacturing procedures of Embodiment 7 in which a
comparatively thin insulating film of Embodiment 1 is replaced
with a layered film and an interlayer insulating film;

Figures 9(a) through 9(c) are sectional views for showing
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the manufacturing procedures of Embodiment 7 in which a
comparatively thin insulating film of Embodiment 2 is replaced
with a layered film and an interlayer insulating film;

Figures 10(a) through 10(c) are sectional views for
showing the manufacturing procedures of Embodiment 7 in which
@ comparatively thin insulating film of Embodiment 4 is
replaéed with a layered film and an interlayer insulating film;

Figures 1l1(a) through 11(c) are sectional views for
showing the manufacturing procédures of Embodiment 7 in which
@ comparatively thin insulafing film of Embodiment 5 is
replaced with a layered film and an iﬂterlayer insulating film;

Figure 12 is a sectional view for showing the structure of
a semiconductor device of Embodiment 8;

Figures 13(a) through 13(e) are sectional views for
showing manufacturing procedures for the semiconductor device
of Embodiment 8;

Figures 14(a) through 14(e) are sectional views for
showing manufacturing procedures for a semiconductor device of
Embodiment 9;

Figures 15(a) through 15(f) are sectional views for
showing manufacturing probedures for a semiconductor device of
Embodiment 10;

Figures 16(a) through 16(e) are sectional views for
showing manufacturing procedures for a semiconductor device of

Embodiment 11;

Figure 17 is a sectional view of a conventional
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semiconductor device in which the surfaces of an active area
and a trench isolation are placed at the same level;

Figures 18(a) through 18(c) are sectional views for
showing manufacturing procedures for the conventional
semiconductor device of Figure 17;

Figure 19 is a sectional view of a conventional
semiconductor device having a salicide structure and a trench
isolation structure;

Figures 20(a) through 20(e) are sectional views for
showing manufacturing procedures for the conventional
semiconductor device of Figure 19; and

Figures 21(a) and Zl(b) are partial sectional views for
showing problems, .in a conventional semiconductor device having
a trench isolation, occurring in an impurity ion injection

process and a silicifying process, respectively.

DETAILED DESCRIPTION OF THE INVENTION
(Embodiment 1)

Embodiment 1 of the invention will now be described
referring to Figures 1(a) through 1(d) and 2(a) through 2(e).
In the manufacturing procedures of this embodiment, a
connection hole for connecting an interconnection layer and a
silicon substrate is designed to stretch over an activg area
and an isolation when alignment shift is not caused in
photolithography. |

In this embodiment, the isolation is formed as a trench

i
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isolation. Furthermore, interconnection to be formed above is
assumed to be local interconnection in which an insulating film
can be comparatively thin, but the embodiment is applicabie
also to general global interconnection formed on a thick
5 interlayer insulating film.
:

First, as is shown in Figure 1l(a), a resist film 50a
having a predetermined pattern is formed on a p-type silicon
substrate 1 (or a p-type well). The silicon substrate 1 is
dry-etched by using the resist film 50a as a mask, thereby

10 forming a trench 51 with a depth of 1 pm. A

Then, as is shown in Figure l(b), the resist film 50a is
removed, and then a silicon oxide film 2x is deposited on the
entire top surface of the silicon substrate 1. Through th%s
procedure, the previously formed trench 51 is filled with the

15 silicon oxide film 2x.

Next, as is shown in Figure 1(c), the silicon oxide film
2x on the silicop substrate 1 is removed by, for example, a CMP
(chemical mechanical polishing) method or etch-back through dry
etching using a resist film, and at the same time, a trench

20 isolation 2b is formed. At this point, the top surface of the
silicon substrate 1 and the top surface of the isolation 2b are
flattened with no level difference therebetween.

Then, as is shown in Figure 1(d), dry etching with high
etch selectivity is conducted so as to etch the silicon

25 substrate 1 alone by a thickness of 0.2 pm. Thus, a step

. portion .which is higher in a stepwise manner than the top
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surface of the silicon substrate 1 by 0.2 pm is formed in the
isolation 2b. The level difference caused by the step portion
is required to be sufficiently large in consideration of an
amount of over-etch in etching a subsequently formed insulating

5 film 12, and hence, the level difference is preferably equal to
or larger than the thickness of the insulating film 12.

It is noted that the method of causing the level
difference between the top surface of the isolation. 2b and the
surface of the active area is not limited to that described

10 above. For example, the level difference can be caused as
-follows: After an etching stopper‘film having a thickneés
corresponding to the level difference is previously deposited
on the silicon substrate, a trench is formed and an insulating
film for the trench isolation is deposited. Then, the entire

15 top surface of the substrate is flattened by the CMP method or
the like, and the etching stopper film is subsequently removed.

Next, As is shown in Figure 2(a),:after forming a gate
oxide film 3 on the silicon substrate 1, a polysilicon film 4x
is deposited on the entire top surface of the substrate.

20 Then, as is shown in Figure 2(b), after forming a resist
film (not shown) having a predetermined pattern on the
polysilicon film 4x, dry etching is conducted so as to form a
polysilicon electrode 4a on the active area and a polysilicon
interconnection 4b on the isolation 2b. Then, by using the

25 gate electrode 4a as a mask, n-type impurity ions are injected

at a high concentration, thereby forming high-concentration

i
¥
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source/drain regions 8 in the silicon substrate 1 on both sides

of the polysilicon electrode 4a.
After this, as is shown in Figure 2(c), the insulating
film 12 having a thickness of, for example, 0.15 um is
5 deposited, so that an interconnection subsequently formed above
the insulating film (i.e., the local interconnection in this
embodiment) can be electrically insulated from the polysilicon
electrode, the polysilicon interconnection and the active area.
Next, as is shown in Figure 2(d), a resist film 25a having
10 a pattern for forming a connection hole is formed on the
insulating film 12. At this point,'the exposing area of the
resist film 25a is positioned without an alignment margin for
preventing interference with the isolation 2b. In this
embodiment, after the resist film 25a is formed so that the
15 exposing area stretches over the source/drain region 8, that
is, the active area of a transistor, and the isolation 2b, d;y
etching is conducted by using the resist film 25a as a mask,
thereby forming a connection hole 14 by removing the insulating
film 12 in the exposing area of the resist film 25a. At this
20 point, when the insulating film 12 is, for example, 40% over-
etched than its thickness of.0.15 Hm in order to ensure the
formation of the connection hole 14, the isolation 2b in the
exposing area of the resist film 25a is etched by a thickness
of approximately 0.06 um. However, in this embodiment, the
25 step pdrtion has a height of 0.2 um, which is sufficiently

larger than this etched amount, and hence, a recess where the
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top surface of the isolation 2b is lower than the top surface
of the silicon substrate 1 is never.formed in any part of the
connection hole 14.

Next, as is shown in Figure 2(e), a polysilicon film is

5 deposited on the entire tbp surface and is patterned, thereby
forming the local interconnection 13. At this point, the locél
interconnection 13 is also formed within the connection hole
14, so as to be electrically connected with the source/drain
region 8 serving as the active area.

10 In a semiconductor device formed in the aforementioned
procedures, the top surface of the isolation 2b is higher in a
stepwise manner than the surface of the active area.
Therefore, even when the isolation 2b is removed by some amount
by the over-etch in dry etching the insulating film 12, the

15 isolation 2b is prevented from being etched by a thickness
exceeding the 1level difference caused by the step portiog.
Accordingly, when mask alignment is shifted in the
photolithography, a recess with a depth reaching a certain
depth of the source/drain region 8 is prevented.from being

20 formed in the connection hole 14. As a result, the
conventional problems, that is, the degradation of the junction
voltage resistance and the increase of the junction leakage
current caused because of the low impurity concentration at a
lower part of the active area of the silicon substrate

25 corresponding to the sidewall of the recess, can be effectively

prevented.
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However, the level difference between the top surface of
the isolation 2b and the surface of the active area is not
necessarily required to be larger than the thickness of the
insulating film 12. The dimensions and materials of the
5 respective components can be determined so as to satisfy the
following inequality (1), wherein “a” denotes tﬁe thickness of
the insulating film 12; “b" denotes the level difference
between the top surface of the isolation 2b and the surface. of
the active area; “ER1" denotes the etching rate of the
10 insulating film 12; “ER2" denotes the etching rate of the
isolation 2b; “D" denotes the depth:of an impurity diffused
layer in the active area; and “OE” denotes the over-etch ratio
of the insulating film i2'in the formation of the connection
hole 14.
15 ~ OE x a x (ER2 / ER1) 2 b + D x (2 / 10) e (1)
As far as the inequality (1) is satisfied, even when a part of
the isolation 2b is removed to be at a lower level than the
surface of the silicon substrate in the active area through the
formation of the connection hole 14, so that the recess 40 as

20 is shown in Figure 18(c) is formed in a part of the connection
hole 14, the bottom of the recess 40 is prevented from reaching
the depth where the impurity concentration is low.

Since the alignment margin in view of the mask shift in
the photolithography can be omitted, the following effects can

25 be attained: When a. distance Lb between the polysilicon

electrode 4a serving as the gate electrode and the isolation 2b
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is estimated as an index of the integration, the distance Lb is
0.8 pym, namely, the sum of the diameter of the connection hole,

0.5 ym, and the alignment margin from the gate electrode, 0.3

" pm. Thus, the distance Lb can be decreased by 0.4 um as
5 compared with the conventional distance La of 1.2 um (shown in
Figure 17).

(Embodiment 2)
Embodiment 2 will now be described referring to Figures
3(a) through 3(f). In this embodiment, a connection hole for
10 connecting an interconnection layer and a silicon substrate is
formed so as to stretch over an active area and an isolation in
the same manner as in Embodiment 1, and a step portion between
the isolation and the active area is provided with a sidewall.
First, as is shown in Figures 3(a) and 3(b), an isolation
15 2b whose top surface is higher in a stepwise manner than thé
surface of an active area by a predetermined level difference
and a gate:oxide film 3 are formed on a silicon substrate 1 in
the same manner as descriped in Embodiment 1. Then, a
polysilicon film 4x is deposited on the entire top surface.
20 Next, the polysilicon film 4x is patterned, thereby
forming a polysilicon electrode 4a and a polysilicon
interconnection 4b. The procedures conducted so far are
identical to those adopted in Embodihent 1. Then, a silicon
oxide film is deposited on the entire top surface and is
25 subjected to anisotropic etching, thereby forming electrode

sidewalls 7a on both side surfaces of the polysilicon electrode
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4a and interconnection sidewalls 7b on both side surfaces of
the polysilicon interconnection 4b. At the same time, a step
sidewall 7c is formed on the side surface of the step portién
between the isolation 2b and the active area. Each of the
5 sidewalls has a width of, for example, approximately 0.1 pm.
After forming the polysilicon electrode 4a, an n-type impurity
with a low concentration is ion-injected into the active area,
SO as to form a low-concentration source/drain region 6. After
forming the electrode sidewalls 7a, an n-type impurity with a
10 high concentration is ion-injected into the active area, so as
to form a high-concentration source/drain region 8. This is a
generally adopted method of manufacturing a MOSFET having the
so-called LDD structure.
Then, as is shown in Figures S(d) through 3(f), the
15 procedures as described in Embodiment 1 referring to Figures
2(c) through 2(e) are conducted, thereby forming an insulating
film 12 and a local interconnectiqn 13 thereon.
This embodiment can achieve the effect to improve the
integration similarly to Embodiment 1. In addition, owing to
20 the step sidewall 7¢, the abrupt level difference between the
isolation 2b and the active area can be released. As a result,
the amount of residue generated in fhe formation of the local
interconnection 13 by pattérniﬁg the polysilicon film can be
advantageously decreased, and disconnection of the 1local
25 interconnection 13 and resistance increase thereof can also be

prevented.
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At this point, a distance Lc between the polysilicon
electrode 4a serving as a gate electrode and the isolation 2b
is estimated as an index of the integration. The distance Lc
is 1.0 pym, namely, the sum of the diameter of the connection

5 hole, 0.5 um, the width of the electrode sidewall 7a, 0.1 pm,
the alignment margin from the polysilicon electrode 4a, 0.3 pm;
and the width of the step sidewall 7c, 0.1 pm. Thus, the
distance Lc can be decreased by 0.2 um as compared with the
conventional distance La of 1.2 pm (shown in Figure 17).

10 (Embodiment 3)

Embodiment 3 will now be described referring to Figures
4(a) through 4(c).

In manufacturing procedures described in this embodiment,
a connection hole is formed so as to stretch over an active

15 area and an isolation only when mask alignment shift is caused
in the photolithography.

Figure 4(a) shows a state where the procedures described
in Embodiment 2 referring to Figures 3(a) through 3(d) have
been completed. Specifically, as is shown in Figure 4(a),

20 after an isolation 2b with a top surface higher in a stepwise
manner than the surface of an active area, a step sidewall 7c
on the side surface of the step portion of the isolation-2b, a
gate oxide film 3, a polysilicon electrode 4a serving as a gate
electrode, electrode sidewalls 7a on both side surfaces of the
25 polysilicon electrqde 4a, a low-concentration source/drain

region 6, a high-concentration source/drain region 8, a

]

- 36 -

Page 177 of 262



polysilicon interconnection 4b on the isolation 2b, and
interconnection sidewalls 7b on both side surfaces of the
polysilicon interconnection 4b are formed, an insulating film

12 with a thickness of approximately 0.15 pm is formed on the

5 entire top surface.
Next, as is shown in Figure 4(b), a resist film 25b for
forming a connection hole is formed. At this point, in this

embodiment, +the resist film 25b is formed so that the
connection hole stretcheé over the active area (i.e., the high-

10 concentration source/drain region 8) and the step sidewall 7c
when the mask alignment shift is not caused in the lithography.
Then, the insulating film 12 is etched, thereby forming the
connection hole 14 stretching over the active area and the step
sidewall 7c.

15 Then, as is shown in Figure 4(c), a local interconnection
13 to be connected with the high-concentration source/drain
region 8 is formed on the insulating film 12.

In the state shown in Figure 4(b), the edge of the
cbnnection hole 14 can be shifted toward the isolation 2b by a

20 maximum of 0.3 pm due to the mask alignment shift in the
lithography. In such a case, the resultant structure becomes
that described in Embodiment 2 (shown in Figure 3(e)).
However, no recess is formed in the isolation 2b within the
connection hole 14 as described in Embodiments 1 and 2 even in

25 such a case. Alternatively, even if a recess is formed, the

problems. of the degradatidn of the junction vbltage resistance
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and the increase of'the junction leakage current can be avoided
as far as the dimensions and the 1like of the respective
components are determined so as to satisfy the inequality (1).
Also in this embodiment, a distance Lc between the
5 polysilicon electrode 4a and the isolation 2b is estimated as
an index of the integration. Similarly to Embodiment 2, the
distance Lc is 1.0 pm, namely, the sum of the diameter of the
connection hole, 0.5 pm, the width of the electrode sidewall
7a, 0.1 pm, the alignment margin from the polysilicon electrode
10 4a, 0.3 pm, and the width of the step sidewall 7c, 0.1 pm.
Thus, the distance Lc can be. decreased by 0.2 pm as compared
with the conventional distance La.of 1.2 pm.
(Embodiment 4)
Embodiment 4 will now be described referring to Figﬁres
15 S(a) through 5(c). In manufacturing procedures described in
this embodiment, a connection hole for connecting an
interconnection layer and a silicon substrate is formed so as
to stretch over an active area and a polysilicon
interconnection on an isolation.
20 Figure 5(a) shows the state where the procedures described
in Embodiment 2 referring to Figures 3(a) through 3(d) have
been completed. Specifically, as is shown in Figure 5(a),
after an isolation 2b with a top surface higher in a stepwise
manner than the surface of the active area, a step sidewall 7c
25 on the side surface of the step portion of the isolation 2b, a

gate oxide film 3, a polysilicon electrode 4a servingAas a gate
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electrode, electrode sidewalls 7a on both side surfaces of the
polysilicon electrode 4a, a low-concentration source/drain
region 6, a high-concentration source/drain region 8, a
polysilicon interconnection 4b on the isolation 2b, and
5 interconnection sidewalls 7b on both side surfaces of the
polysilicon interconnection 4b are formed, an insulating film
12 with a thickness of.approximately 0.i5 pm is formed.on the
entire top surface.
Next, as is shown in Figure 5(b), a resist film 25c for
10 forming a connection hole is formed. In this embodiment, tﬁe
resist film 25c is formed with its Exposing area stretching
over the active area (i.e., the high-concentration séurce/drain
region 8) and. the polysilicon interconnection 4b on the
isolation 2b when the mask alignment shift is not caused in the
15 lithography. Then, the insuléting film 12 is etched, thereby
forming the connection hole 14 stretching over the high-
concentratioq source/drain region 8, the isolation 2b and the
polysilicon interconnection 4b.
Then, as is shown in Figure 5(c), a local interconnection
20 13 to be connected with the high-concentration source/drain
region 8 and the polysilicon interconnection 4b is formed on
the insulating film 12.
When the high-concentration source/drain region 8 is to be
electrically connected with the polysilicon interconnection 4b
25 serving as a gate interconnection formed on the isolation 2b in

the conventional manufacturing procedures, a connection hole

i
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formed on the high-concentration source/drain region 8 and
another connection hole formed on the polysilicon
interconnection 4b are required to be positioned in
consideration of alignment margins from the boundaries with the

5 high-concentration source/drain region 8 and the isolation 2b,
respectively. In contrast, in this embodiment, the
interconnection member can be connected with the high-
concentration source/drain region 8 and the polysilicon
electrode 4b through one connection hole 14 without

10 consideration of the alignment margins. In addition, as
described in Embodiments 1 through'3, the problems of the
degradatibn of the junction voltage resistance and the increase
of the junction leakage -current can be prevented from being
caused through the over-etch in etching the insulating film 12.

15 In this embodiment, the interconnectioh on the isolation
2b is made of a polysilicon film, but another conductive
material or an interconnection on a layer different from the
polysilicon electrode can be used instead.

(Embodiment 5)

20 Embodiment S will now be described referring to Figures
6(a) through 6(f). In manufacturing procedures described in
this embodiment, a connection hole for connecting an

interconnection layer and a silicon substrate is formed so as
to stretch over an active area, a gate electrode and an

25 isolation.

First, as is shown in Figure 6(a), an isolation 2b with a
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top surface higher in a stepwise manner than the surface of a
p-type silicon substrate 1 is formed.
Next, as is shown in Figure 6(b), a polysilicon film 4x
with a thickness of 0.2 um is deposited on the entire top
S surface, and a silicon oxide film 15x for gate protection with
a thick‘ness of approximately 0.15 upm is deposited on the
polysilicon film 4x. At this point, the thickness of the
silicon oxide film in for gate protection is required to be
sufficiently large in consideration of an amount of over-etch
10 to be removed in etching a subsequently formed insulating film
12. In this embodiment, the thickness of the silicon oxide
film 15x is substantially the same as that of the insulating
film 12.
Then, as is shown in Figures 6(c) and 6(d), the procedures
15 as described in Embodiment 2 referring to Figures 3(c) and 3(d)
are conducted. Thus, after a polysilicon electrode 4a and a
gate protection film 15a together serving as a gate electrode,
electrode sidewalls 7a on both side surfaces of the polysilicon
electrode 4a and the gate protection film 15a, a low-
20 concentration source/drain region 6, a high—concentratién
source/drain region 8, a polysilicon interconnection 4b and an
interconnection protection film 15b on the isolation 2b,
interconnection sidewalls 7b on both sidg surfaces of the
polysilicon interconnection 4b and the interconnection
25 protection film 15b and a step sidewall 7c are formed, tﬁe

insulating film 12 with a thickness of approximately 0.15 um is
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formed on the entire toﬁ surface.

Next, as is shown in figure 6(e), a resist film 25d for
forming a connection hole is formed. At this point, in this
embodiment, the resist film 254 is formed so that the

5 connection hole stretches over the polysilicon electrode 4a,
the high-concentration source/drain region 8 serving, as the
active area and the isolation 2b when the mask alignment shift
is not caused in the 1lithography. Accordingly, when the
alignment shift is not caused, the exposing area of the resist

10 film 25d stretches also o&er a part of the polysilicon
electrode 4a. Then, the insulating £film 12 is patterned by dfy
etching. At fhis'point, a part of the isolation 2b and the
gate protection film 15a in the exposing area of the resist
film 254 are also removed by some amount by the over-etch in

15 the dry etching of the insulating film 12. However, the
connection hole 14 never reaches the polysilicon electrode 4a.

Then, as is shown in Figure 6(f), a polysilicon film is
deposited on the entire top surface and then batterned, thereby
forming a'local interconnection 13 to be connected with the

20 high-concentration source/drain region 8.

In this embodiment, the problems of the degradation of the
junction voltage resistance and the increase of the junction
leakage current can be avoided as in the aforementioned
embodiments even when the insulating film 12 is 40% over-etched

25 than its thickness of 0.15 pm in order to form the connection

hole 14.
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In particular in this embodiment, the connectioh hole i4
stretches also over the polysilicon electrode 4a when\the
alignment shift is not caused in the lithography. Tﬁerefore,
when the insulating film 12 is, for example, 40% over-etched

5 than its thickness of 0.15 pum in the dry etching thereof,
although a part of the gate protection film 15a is etched by a
thickness of approximately 0.06 pm. However, the conventional
problem of the electric short circuit with an interconnection
on an upper layer through the connection hole can be avoided

10 since the thickness of the gate protection film 15a is 0.15 pm,
which is sufficiently larger than 0.06 um.

It is noted that the thickness of the gate protection film
15a’'can be determined as follows: The dimensions and materials
of the respective components are determined so as to satisfy

15 the following inequality‘(Z), wherein “a” denotes the thickness
of the insulating film 12; “c” denotes the thickness of the
gate protection film 4a, “ER1" denotes the etching rate of the
insulating film 12; “ER3" denotes the etching rate of the gate
protection film 4a; and “OE" denotes the over-etch ratio of the

20 insulating film 12 in the formation of the connection hole 14:

OE x a x (ER3 / ERl1) <c ... (2)

At this point, a distance Ld between the polysilicon
electrode 4a serving as the gate electrode and the isolation 2b
is estimated as an index of the integration. The distance Ld

25 is 0.7 pm, namely, the sum of the diameter of the connection

hole, 0.5 pm, the width of the electrode sidewali 7a, 0.1 pm,
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and the width of the step sidewall 7c, 0.1 pm.  Thus, the
distance Ld can be decreased by 0.5 pm as compared with the
conventional distance of 1.2 um.

(Embodiment 6)

5 Embodiment 6 will now be described referring to Figures
7(a) through 7(c). In manufacturing procedures described in
this embodiment, a connection hole for connecting an

interconnection layer and a silicon substrate is formed so as
to stretch over an active area, an electrode sidewall and an
10 isolation when the alignment shift is not caused, and is formed
SO as to stretch also over a polysilicon electrode only when

the alignment shift is caused.
Figure 7(a) shows the state where the procedures described
in Embodiment 5 referring to Figures 6(a) through 6(d) have
15 been completed. Specifically in Figure 7(a), after an
isolation 2b having a top surface higher in a stepwise manner
than the surface of the active area, a step sidewall 7c on the
side surface of the step portion of the isolation 2b, a gate
oxide film 3, a polysi;icon electrode 4a'serving as a gate
20 electrode, a gate protection film 15a on the polysilicon
electrode 4a, electrode sidewalls 7a on both side surfaces of
the polysilicon electrode 4a and the gate protection film 15a,
a low-concentration source/drain region 6, a high-concentration
source/drain region 8, a polysilicon interconnection 4b on the
25 isolation 2b, an interconnection protection film 15b on the

polysiliecon interconnection 4b, and interconnection sidewalls
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7b on both side surfaces of the polysilicon interconnection 4b
and the interconneqtion protection film 15b are formed, an
insulating film 12 having a thickness of approximately 0.15 pm
is formed on the entire top surface.

5 Next, as is shown in Figure 7(b), a resist film 25e having
a pattern for forming a connection hole is formed. At this
point, in this embodiment, the resist film 25e is formed so
that its exposing area can expose at least the step sidewall 7c
and the high-concentration source/drain region 8 serving as the

10 active area and stretches also over the electrode sidewall 7a.
| Then, a polysilicon film is deﬁosited on the entire top
surface and patte;ned, thereby forming a local interconnection
13 to be connected with the high-concentration source/drain
reéion 8.

15 V In the procedure shown in Figure 7(b) of this embodiment,

. when the exposing area of the resist film 25e is shifted by,
for example, a maximum of 0.3:um due to the alignment shift in
the lithography, the connection hole 14 is formed so as to
stretch also over a part of the polysilicon electrode 4a. When’

20 the exposing area of the :esist film 25e is shifted in the
- reverse direction, the connection hole 14 is formed so as to
stretch also over a part of the isolation 2b. However, in
either case, the junction voltage. at the edge of the isolation

éb is prevented from degrading and the junction leakage current

25 is prevented from increasing as far as the dimensions and the

like of. the respective components are determined so as to
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satisfy the inequalities (1) and (2). In addition, an
electrical short circuit between an interconnection member such
as the local interconnection and the polysilicon electrode 4a
can be avoided.

5 At this point, a distance Le between the polysilicon
electrode 4a serving as the gate electrode and the isolation 2b
is‘estimated as an index of the integration. Similarly to
Embodiment 5, the distance Le is 0.7 pm, namely, the'sum of the
diameter of the connection hole, 0.5 pm, the width of the

10 electrode sidewall 7a, 0.1 pm, and the width of the step
sidewall 7c, 0.1 pum. Thus, the distance Le can be decreased by
0.5 um as compared with the conventional distance of 1.2 um.

In each of the aforementioned embodiments, the local
interconnection is adopted as the interconnection member éo as

15 to make the insulating film 12 comparatively thin. However,
each embodiment can be applied to an interconnection member
using a general global interconnection formed 'with an
interlayer insulating film sandwiched. When the global
interconnection is adopted, the interlayer insulating film is

20 comparatively thick. Therefore, the effects of the embodiments
can be similarly attained by decreasing the over-etch ratio of
the interlayer insulating film in the formation of the
connection hole or by increasing the level difference between
the top surface of the isolation and the surface of the active

25 area. This will be described in more detail in Embodiment 7

below.

- 46 -

Page 187 of 262



Furthermore, when the isolation 2b and the gate protection
film 15a used in Embodiment S5 or 6 are made of a materigl
having a smaller etching rate than the material for the
insulating film 12 against the etching for forming -the

5 connection hole, fhe semiconductor device can be manufactured
with more ease.

In addition, when the insulating film 12 in each of the
aforementioned embodiments has a multilayered structure
including at least one lower layer made of a material having a

10 smaller etching rate against the etching for forming the
connection hole, the semiconductor device can be manufactured
with more ease.

(Embodiment 7)

Embodiment 7 will now be described in which an

15 interconnection layer formed on a thick interlayer insulating
film is connected with an active area of a semiconductor
substrate through a contact hole formed on the interlayer
insulating film.

Figures 8(a) through 8(c) are sectional views for showing

20 procedures for forming a layered film 10 and an interlayer
insulating film 11 instead of the comparatively thin insulating
film 12 of Embodiment 1. As is shown in Figure 8(a), after
conducting the procedures shown in Figures 1(a) through 1(4d)
and 2(a) through 2(c), a layered film 10 including a silicon

25 "oxide film 10a with a thickness of approximately 70 nm and a

silicon nitride film 10b with a thickness of approximately 80

i
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nm is formed on the entire top surface of the substrate. Then,
an interlayer insulating film 11 of a silicon oxide film with
a thickness of approximately 600 nm- is deposited thereon.
Next, a resist film 25a having a pattern for forming a contact

5 hole is formed on the interlayer insulating film 11. At this
point, the exposing area of the resist film 25a is positioned
without an alignment margin for avoiding interference with an
isolation 2b. In Figure 8(a), the resist film 25a is formed so
that the exposing area stretches over a source/drain region 8

10 serving as the active area of a transistor and the isolation
2b. ‘

Next, as is shown in Figure 8(b), etching is conducted by
using the resist film 25a as a mask, thereby selectively
removing the interlayer insulating 25a and the layered film 10.

15 .Thus, a contact hole 20 stretching over the isolation 2b and
the active area is formed.

Then, as is shown in Figure 8(c), a plug underlying film
21 made 6f a TiN/Ti film and a W plug 22 are depositéd within
the contact hole 20 by selective CVD. Furthermore, an aluminum

20 alloy film is deposited on the entire top surface of the
substrate and the aluminum alloy film is patterned, thereby
forming a first layer metallic interconnection 23. At this
point, the first layer metallic interconnection 23 is
electrically connected with the source/drain region 8 serving

25 as the active area through the W plug 22 and thé plug

underlying film 23 filled in the contact hole 20.
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Figures 9(a) through 9(c) are sectional views for showing
procedures for forming a layered film 10 and an interlayer
insulating film 11 instead of the comparatively thiﬁ insulating
film 12 of Embodiment 2. In these manufacturing procedures, a

5 procedure for forming sidewalls 7a through 7c is added to the
manufacturing procedures shown in Figures 8(a) through 8(c), so
as to manufacture a transistor having the LDD structure.

Figures 10(a) through 10(c) are sectional views for
showing procedures for forming a layered film 10 and an

10 interlayer insulating film 11 instead of the compératively thin
insulating film 12 of Embodiment 4. In the procedure shown in
Figure- 10(a), a resist film 25c having its exposing area

stretching over the active area and the gate interconnection 4b

is formed on the interlayer insulating film 11. Thereafter,
15 the same procedures as those shown in Figures 8(b) and 8(c) are
conducted.

Figures 11(a) through 11(c) are sectional views for
showing procedures for forming a layered film 10 and an
interlayer insulating film 11 instead of the comparatively thin

20 insulating film 12 of Emoniment 5. In the procedure shown in
Figure ll(a), a gate protection silicon oxide film 15a is
formed on a gate electrode 4a, andvthe layered film 10 and the
interlayer insulating film 11 are formed thereon. Then, a

resist film 25d having its exposing area stretching over the

25 isolation, the active area and the gate electrode 4a is formed
on the interlayer insulating film 11. Thereafter, the same
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procedures as those shown in Figures 8(b) and 8(c) are

conducted.
In each of the procedures shown in Figures 8(b), 9(b),
10(b) and 1l1l(b), the silicon nitride film 10b having high
S etching selectivity against the silicon oxide film is formed
below the interlayer insulating film 11. Therefore, the
silicon nitride film 10b is prevented from being completely
removed by the over-etch in etching the interlayer insulating
fi;m 11. When the silicon nitride film 10b is to be removed
10 from the 1layered film 10, the silicon oxide film 10a is
prevented from being completely removed since the etching
selectivity between the silicon nitride film 10b and the
silicon oxide film 10a below is high. Furthermore, since the
silicon oxide film 10a has a thickness of approximately 70 nm,
15 which' is smaller than the level difference of 0.2 um between
the isolation and the active area, +the isolation 2b is
prevented from being etched to be lower than the surface of the
active area by the over-etch in etching the silicon oxide film
10a. .In other words, a recess where the top surface of the
20 isolation 2b is lower than the surface of the silicon substrate
is never formed  in any part of the contact hole 20.
Accordingly, in the formation of the contact hole for
electrically connecting the interconnection layer formed on the
interlayer insulating film and the active area of the
25 semiconductor substrate, the same effects as those described in

the aforementioned embodiments can be attained.
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However, the wunderlying film below the interlayer
insulating film can be omitted in this embodiment. Even when
it is omitted, since the step portion is formed between the top
surface of the isolation and the surface of the active area,

5 the isolation cannot be etched to be lower than the surface of
the active area in the formation of the contact hole. Thus,
the degradation of the junction voltage resistance the increase
of the junction leakage current can be prevented as much as

possible.
10 (Embodiment 8)

Embodiment 8 will now be described referring to Figures 12
and 13(a) through 13(e). Figure 12 is a sectional view showing
the structure of a semiconductor device of this embodiment, and
Figures 13(a) through 13(e) are sectional views for showing

15 manufacturing procedures for the semiconductor device héving
the structure shown in Figure 12.

As is shown in Figure 12, in a silicon substrate (or well)
1 of one conductivity type, a trench isolation 2b is formed in
an isolation region Reiso for partitioning an area in the

20 viéinity of the surface of the silicon substfate 1 into a
plurality of transistor regions Refet. The top surface of the
isolation 2b is sufficiently higher than the surface of the
silicon substfate 1 in each transistor region Refet, and a step
portion with a predetermined level difference is formed between

25 the isolation 2b and the transistor region Refet. This

isolation 2b is formed by filling a trench formed in the
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silicon substrate 1 with an insulating material as described
below. Furthermore, a channel stop region 60 of the same
conductivity type as that of the silicon substrate 1 is formed
at least below the isolation 2b.

S In each transistor region Refet partitioned by tﬁe
isolation 2b is formed a MOS transistor including a gate
electrode 4a, a gate oxide film 3, electrode sidewalls 7a, a
low-concentration source/drain region 6 and a high-
concentration source/drain region 8. Also, on the silicon

10 substrate 1 excluding the transistor regions Refet and on the
isolation 2b, a gate interconnection ‘db formed simultaneously
with the gate electrode 4a and interconnection sidewalls 7b are
formed. Furthermore, an upper gate electrode 9a, an upper gate
interconnection 9b and a source/drain electrode 9c each made of

15 titanium silicide (TiSi,) are formed on the gate electrode 4a,
the gate inferconnection 4b and the high—cbncentration
source/drain region 8, respectively.

. This embodiment is characterized by a step sidewall 7c

formed on the side surface of the step portion of the isolation

20 2b simultaneously with the electrode sidewalls 7a and the

interconnection sidewalls 7b. A part of the step sidewall 7c

is communicated with the electrode sidewalls 7a and the
interconnection sidewalls 7b.

Furthermore, on the entire top surface of the substrate

25 bearing the isolation 2b, the gate electrode 4a and the like,

an interlayer insulating film 11 and a first layer metallic
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interconnection 23 are formed. The first 1layer metallic
interconnection 23 is connected with the upper gate electrode
9a and the source/drain electrode 9c in the transistor region
through a W plug 22.

S Now, the manufacturing procedures for realizing the
structure shown in Figure 12 will be described referring to
Figures 13(a) through 13(e). |

First, as is shown in Figure 13(a), a sil;con oxide film
52 and a silicon nitride film 53 are deposited on a silicon

10 substrate 1. Then, a resist film 50a for exposing the
isolation regions Reiso and masking the transistor regions
Refet is fo:med on tﬁe silicon nitride film 53. After this,
etching is conducted by using the resist film 50a as a mask, so
as to selectively remove the silicon nitride film 53 and the

15 silicon oxide film 52 and further etch the silicon substrate 1,
thereby forming a trench 51. At this point, differently from
the conventional method of forming a trench, the silicon
nitride film 53 has a thickness as large as approximately 150
through 200 nm. However, the silicon oxide film 52 has a

20 thickness of 10 through 20 nm as in the conventional method.
The depth of the trench 51 can be approximately 500 nm also as
in the conventional method. Then, impurity ions of a
conductivity type different from that of an impurity to be
. injected into'a subsequently formed source/drain region are

25 injected,-thereby forming a channel stop region 60.

Next, as is shown in Figure 13(b), after removing the
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resist film 50a, a silicon oxide film (not shown) is deposited
so as to have a sufficient thickness larger‘than the sum of the
depth of the trench 51 and the thickness of the remaining
silicon nitride film 53, namely, the height from the bottom of

5 the trench 51 to the top surface of the silicon nitride film
53. Then, the silicon oxide film is removed by the CMP method
So as to expose the surface of the silicon nitride film 53,
thereby flattening the entire top surface of the substrate.
Through this procedpre, a trench isolation 2b made of the

10 silicon oxide film is formed in the isolation region Reiso.
The flattening method to be adopted‘is not limited to that
described above but the surface can be flattened by etch-back
using a resist film having a reverse pattern to the pattern of
the transistar region Refet.

15 ~ Then, the. silicon nitride film 53 is removed by using a
phosphoric acid boiling solution or the like and the silicon
oxide film 52 is removed by using a hydrofluoric acid type wet
etching solution or the 1like, so as to expose the surface of
the silicon substrate 1 in the transistor region Refet, which

20 procedures are not shown in the drawing. At this point, a stép
portion having a sufficient level difference between the
surface of the silicon substrate 1 in the transistor region
Refet and the top surface of the isolation 2b is exposed
characteristically in this embodiment. The level difference is

25 set at approximately 50 through 100 nm in consideration of the.

amount af over-etch in a procedure for forming sidewalls
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described below. However, in order to effectively achieve the

effects of this embodiment, the thickness of an insulating film

for the sidewall and the amount of over-etch are required to be

appropriately determined in the subsequent procedure for
5 forming the sidewalls.

Then, as is shown in Figure 13(c), a polysilicon film 4 is
deposited on the silicon substrate 1 and the isolation 2b, and
the resist film 50b for exposing an area excluding the areas
for a gate electrode and a gate interconnection is formed

10 thereon. Then, the dry etching is conducted by using the
resist film 50b as a mask, thereby férming the gate electrode
4a and the gate interconnection 4b, which procedure. is not
shown in the drawing.

Next, as is shown in Figure 13(d), by using the gate

15 electrode 4a as a mask, impurity ions at a low concentration
are injected,ithereby forming a low-concentration source/drain
region 6. Then, an insulating film 7 (a silicon oxide film) is
deposited on the entire top surface of the substrate.

Then, as is shown in Figure 13(e), the insulating film 7

20 is anisotropically etched, thereby forming the electrode
sidewalls 7a on the both side surfaces of the gate electrode 4a
and interconnection sidewalls 7b on the both side surfaces of
the gate interconnection 4b. At the same time, a step sidewall
7c is formed on the side surface of the step portioﬁ between

25 the silicon substrate 1 in the transistor region Refet and the

isolation 2b. After forming these sidewalls, impurity ions are

H
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injected, thereby forming the high-concentration source/drain
region 8. Also at this point, the step portion between the
silicon substrate 1 in the transistor region Refet and the
isolation 2b has the sufficient level difference.

5 Although the procedures thereafter are not shown in the
drawing, an upper gate electrode 9a, an upper gate
intercoqnection 9b and a source/drain electrode 9c are formed
by a silicifying procedure, an interlayer insulating film 11 is
deposited and a contact hole is formed, and then the contact

10 hole is filled with a metal, and a first 1layer metallic
interconnection 12 is 'formed. In this manner, the MOS
transistor having the trench isolation structure as shown in
Figure 12 is manufactured.

In the aforementioned procedures, the electrode sidewalls

15 7a.and the like are formed in order to manufacture a transistor
with the LDD structure. However, the electrode sidewalls 7a
and the like can be formed in a transistor having the so-called
poéket injection structure, in which a punch-through stopper is
formed by injecting an impurity of a different conductivity

20 type into an area between the source/drain region and the
channel region; Therefore, this embodiment is applicable to
such a transistor having the pocket injection structure.

In manufacturing a MOS transistor having a gate length of
1l ym or less as in this embodiment, it is necessary to form the
25 electrode sidewalls 7a on the side surfaces of the gate

electrode 4a in order to provide the transistor with the LDD
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structure or the pocket injection structure in which the short
channel effect can be suppressed and the reliability of the
transistor can be ensured. The thickness of the electrode
sidewall 7a depends upon the characteristics of a device to be
5 manufactured. Sincé the sidewall is formed by dry etching with
high anisotropy, its thickness can be controlled substantially
only by controlling the thickness of the film to be deposited.
However, 10% through 30% over-etch is generally conducted in
consideration of the fluctuation in the etching rate in the
10 wafer and the fluctuation in the thickness of the deposited
film. For example, when the electrdde sidewall 7a is formed
out of an insulating film with a thickness of 100 nm, the
etching is conducted for a time period corresponding to time
required for removing an insulating film with a thickness éf
15 110 through 130 nm.

At this point, the isolation 2b made of an oxide film is
etched at higher selectivity than the silicon substrate 1 in
the transistor'region Refet, and hence, the isolation 2b is
removed by a fhickness of, for example, 10 through 30 nm.

20 Therefore, in the conventional structure, the surface of the
isolation 105a becomes lower than the surface of the silicon
substrate 101 as is shown in Figures 21(a) and 21(b), resulting
in causing fhe aforementioned problems. In contrast, in the
state of this embodiment shown in Figure 13(d), the isolation

25 2b has the step portion whose surface is higher than the

surface. of the silicon substrate in the transistor region

3
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Refet, resulting in effectively preventing the problems. Iin

other words, even when thé impurity ions are diagonally

injected for the formation of the high-concentration

source/drain region 8, the impurity ions are prevented from

5 being implanted below the edge of the isolation 2b because the

step portion of the isolation 2b has a sufficient level

difference. Accordingly, a distance between the high-

concentration source/drain region 8 and the channel stop region

60 can be made substantially constant, thereby preventing the

10 degradation of the junction voltage resistance and the increase

of the junction leakage. Furthermore, in the formation of the

source/drain electrode 9c of silicide on the high—concentratién

source/drain region 8, +the step sidewall 7c effectively

prevents the silicide layer from being formed in the boundary

15 between the silicon substrate 1 and the isolation 2b.

Therefore, it is possible to effectively prevent a short

circuit current from occurring between the source/drain
electrode 9c¢c and the channel stop region 60.

In order to effectively achieve the aforementioned effects

20 in this embodiment, however, the level difference caused by the

" step portion is'preferably larger than the amount of over-etch

in the formation of the sidewalls, that is, 10 through 30 nm.

Furthermore, in practical use, after the formation of the

isolation 2b, other procedures are conducted in which the

25. thickness of the silicon oxide film used as the isolation 2b is

decreased, such as a procedure for removing the silicon oxide
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film 52. Therefore, it is preferred that the step portion is
previously formed so as to have a sufficiently large level
difference also in consideration of the afterward decreased
amount. Accordingly, the lower limit of the thickness of the
S silicon nitride film 53 deposited in the procedure shown in
Figure 13(a) is determined on the basis of the amount of over-
etch and the etched amount in the procedure for removing the
silicon oxide film 52.
In this embodiment, the silicon nitride film 53 is used as
10 an etching mask for forming the trench S1. This film can be
made of any material which has lérge etching selectivity
against the silicon oxide film, and can be, for example, a
polysilicon film or the 1like.
‘ This embodiment exemplifies the so-called salicide
15 structure in which the upper gate electrode 9a ‘and the
source/drain electrode 9c are simultaneously silicified in a
self-aligned manner for attaining low resistance. It goes
without saying that the embodiment is applicable to a structure
in which a gate electrode is previously formed as a polycide
20 electrode and a source/drain electrode alone is silicified
afterward.
(Embodiment 9)
Embodiment 9 will now be described referring to Figures
l4(a) through 14(e). This embodiment is different from
25 Embodiment 8 in that a gate oxide film and a polysilicon film

serving as a gate electrode are deposited before forming a

i
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trench isolation.

First,.as is shown in Figure 14(a), a gate oxide film 3
and a polysilicon film 4 serving as a gate electrode of a MOS
transistor are successively deposited on a silicon substrate 1.

5 A resist film 50a for exposiﬁg an isolation region Reiso and
masking a transistor region Refet is patterned. By using the.
resist film 50a as a mask, the polysilicon film 4 and the gate
oxide film 3 are selectively removed, and further the silicon
substrate 1 is etched, thereby forming a trench 51 serving as

10 the isolation region. At this point, differently from the
conventional method of forming a trench, the.thickness of the
polysilicon film 4 is set at 150 through 200 nm, that is,
substantially thé same thickness as that of the silicon nitride
film used in Embodiment 8. The gate oxide film 3 has a

15 thickness of 10 through 20 nm. The depth of the trench 51 is
approximately 500 nm. Then, impurity ions of a different
conductivity type from that of an impurity to be injected into
é source/drain region formed afterward are injected, thereby
forming a channel stop region 60.

20 Then, after removing the resist film 50a, a silicoﬁ oxidé
film 2 (not shown) is debosited sO as to have a sufficient
thickness larger than the sum of the depth of the trench 51 and
the thickness of the remaining polysilicon filﬁ'4, namely, the
height from the bottom of the trench 51 to the top surface of

25 the polysilicon film 4. The silicon oxide film 2 is removed by

the CMP method until the surface of the polysilicon film 4 is
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Aexposed, thereby flattening the top surface of the substrate.
Through this procedure, a trench isolation 2b made of the
silicon oxide film is formed in the isolation region Reiso.
The flattening method to be adopted is not 1limited to that
5 described above but the surface can be flattened by etch-back
using a resist film having a reverse pattern to the pattern of

the transistor region Refet. |
Next, as is shown in Figure 14(b), a conductive film 18
serving as a gate interconnection layer (which can be made of
10 a conductive polysilicon film; a silicide film of WSi, TiSi or
the like; or a metal with a high melting point such as W with
a sandwiched barrier metal such as T;N for achieving 1low
resistance) and a protection film 19 made of an insulating film
are deposited on the flattened substrate. Then, a resist film
15 S50b for exposing an area excluding the areas for a gate
electrode and a gate interconnection is formed. By using the
resist film 50b as a mask, dry etchipg is conducted, thereby
forming a gate electrode 4a, an upper gate electrode 18a and a
protection film 19a, a gate interconnection 4b, an upper gate
20 interconnection 18b and a protection film 19b, which procedures
are not shown in the drawing. At this point, a step portion
having a sufficient level difference between the su;faces of
the silicon substrate 1 in the transistor region Refet and the
isolation 2b is exposed characteristically in this embodiment.
25 The level difference is approximately 50 through 100 nm in

consideration of the amount of over-etch in the subsequent
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procedure for forming sidewalls and the 1like. However, in

order to effectively achieve the effects of this embodiment,

the thickness of an insulating film for the sidewall and the

amount of over-etch are required to be appropriately determined
5 in the subsequent procedure for forming the sidewalls.

Then, as is shown in Figure 14(c), similarly to Embodiment
8, after forming a low-concentration source/drain region 6 on
either side of the gate electrode 4a in the active area, an
insulating film 7 (silicon oxide film) is deposited on the

10 entire top surface of the substrate.

Next, as is shown in Figure 14(6), the insulating film 7
is anisotropically etched, thereby forming electrode sidewalls
7a on both side surfaces of the gate electrode 4a and the like
and interconnection sidewalls 7b on both side surfaces of the

15 gate interconnection 4b and the like. At the same time, a step
sidewall_7c is formed on the side surface of the step portion
between the silicon substrate 1 in the transistor region Refet
and the isolation 2b. After forming these sidewalls, impurity
ions are injected, thereby forming a high-concentration

20 source/drain region 8. Also at this point, the step pdrtiod
between the silicon substrate 1 in the transistor region Refet
and the isolation 2b has a sufficient level difference.

Next, as 1is shown in Figure 14(e), a source/drain
electrode 9c is formed out of silicide only on the high-

25 concentration source/drain region 8.

Although the procedures thereafter are not shown in the
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drawing; an interlayef insulating film 11 is deposited, a
contact hole is formed, and the contact hole is filled with a_
metal (such as tungsten), and a first 1layer metallic
interconnection 12 is formed. Thus, a MOS transistor having a

5 trench isolation similar to that shown in Figure 12 is
manufactured. In this embodiment, however, on the gate
electrode 4a and the gate interconnection 4b are formed the
upper gate electrode 18a and the upper gate interconnection 18b
made of conductive polysilicon, silicide or the like as well as

10 the protection films 19a and 19b made of the insulating film,
respectively. The source/drain electrode 9c of silicide is
formed in the procedure different from that for forming the
upper gate electrode 18a and the upper gate interconnection
18b.

15 In this manner, the step portion which is higher at the
side closer to the isolation 2b is formed between the silicon
substratel in the transistor region Refet and the isolation 2b,
and the step portion is provided with the step sidewall 7c on
its side surface in this embodiment. Therefore, the same

20 effects as those of Embodiment 8 can be exhibited with a
reduced number of manufacturing procedures.

In addition, the procedure for forming the gate electrode
4a and the gate interconnection 4b after the procedure shown in
Figure 14(b) can be conducted on the completely flat top

25 surface of the substrate without being affected by the step

portion at the edge of the isolation 2b in this embodiment.
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Therefore, a refined pattern can be advantageously stably

formed.
(Embodiment 10)
Embodiment 10 will now be described referring to Figurés
s 15(a) through 15(f), which are sectional views for showing
manufacturing procedures for a semiconductor device of this
embodiment.

Before achieving the state shown in Figure 15(a), a trench
isolation 2b, a channel stop region 60, a low-concentration

10 source/drain region 6, a gate insulating film 3, a gate
electrode 4a, a gate interconnection 4b and the like are formed
through the same procedures as those described in Embodiment 8.
Then, a protection oxide film 31, a silicon nitride film 32 for
sidewalls and a polysilicon film 33 for a mask are déposited on

15 the substrate by the CVD method. At this point, the thickness
of a polyéilicon film to be used as the gate electrode 4a and
the gate interconnection 4b is 330 nm, and the minimum line
width is 0.35 pm. - The protection oxide film 31 has a thickness
of approximately 20 nm, the silicon nitride film 32 has a

20 thickness of approximately 30 nm, and the polysilicon film 33
has a thickness of approximately 100 nm.

Then, as’ is shown in Figure 15(b), the polysilicon film 33
is etched back by RIE (reactive ion etching), thereby forming
electrqde polysilicon masks 33a, interconnection polysilicon

25 masks 33b and a step polysilicon mask 33c on side surfaces of

the gate. electrode 4a, the gate interconnection 4b and a step
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portion of the isolation 2b, respectively. At this point, the
etching selectivity between the polysilicon film 33 and the
silicon nitride film 32 is large.

Next, as is shown in Figure 15(c¢), by using the remaining

S polysilicon masks 33a, 33b and 33c as masks, wet etching using
heated phosphoric acid (H;PO,) at 150°C is conducted, so as to
have portions of the silicon nitride film 32 covered with the
polysilicon masks 33a, 33b and 33c remained and remove the
other portions thereof. At this point, the etching selectivity

10 between the silicon nitride film 32 and the polysilicon masks
33a, 33b and 33c can be approximately 30:1. Through this
procedure, electrode sidewalls 32a, interconnection sidewalls
32b and a step sidewall 32c each having an L-shape remain on
the sides of the gate electrode 4a, the gate interconnection 4b

15 and the step portion, respectively.

Then, as is shown in Figure iS(d), by using the gate
electrqde 4a, the protection oxide film 31, the electrode
polysilicon mask 33a, the electrode sidewall 32a, the step
polysilicon mask 33c and the step sidewall 32c¢ as masks,

20 - impurity ions ‘are injected at a high concentration into the
active area of the silicon substrate 1, thereby forming a high-
concentration source/drain region 8.

Then, as is shown in Figure 15(e), the polysilicon masks
33a, 33b and 33c are removed by dry or wet etching.

25 A Next, as is shown in Figure 15(f), exposed portions of the

protection oxide film 31 on the substrate are removed by using
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a HF type etching solution. Then, a titanium film is deposited
and a firxst RTA treatment is conducted, thereby forming a
silicide layer of a TiSi, film thréﬁgh the reaction between
titanium and silicon. Tbe titanium film is then removed, and
5 a second RTA treatment is conducted, so that an upper electrode
9a, an upper interconnection 9b and a source/drain electrode 9c
each of a silicide layer with a low resistance are formed on
the gate electrode 4a, the gate interconnection 4b and the
source/drain region 8, respectively. Thereafter, an interlayer

10 insulating film is deposited, the top surface of the substrate
is flattened, a contact hole is formed, a metallic
interconnection film is deposited, and a metallic
interconnection is formed. Thus, an LSI is manufactured.

Since the protection oxide film 31 and the L-shaped step

15 sidewall 32c are formed on the side surface of the step portion
in the procedure shown in Figure 15(f) in this embodiment, the
silicide layer is effectively:preventéd from being formed in
the boundary between the active area of the silicon substrate
1 and the isolation 2b.

20 Furthermore, since the prétection oxide film 31 is formed
on the isolation 2b and the active area of the silicon
substrate 1 in the érocedures shown in Figures 15(c) and 15(d),
the thickness of the isolation 2b is never decreased through
the formation of the L-shaped sidewalls 32a, 32b and 32c.

25 Accordingly, it is possible to decrease the level difference

between the isolation 2b and the silicon substrate 1, resulting
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in improving the patterning accuracy for the gate.

In the formation of the gate electrode, first and second
conductive films can be used similarly to Embodiment 2. Also
in this case, the same effects as those of this embodiment can

S be exhibited.
(Embodiment 11)

In each of the aforeﬁentioned embodiments, each sidewall
is made of an insulating material such as a silicon oxide fiim
‘and a silicon nitride film. The sidewall can be made of a

10 conductive material such as a polysilicon film. Figure 16(a)
through 16(e) are sectional views for showing manufacturing
procedures for a semiconductor device including conductive
sidewalls.

Before attaining the state shown in Figure 16(a), a trench

15 isolation 2b, a channel stop region 60, a low-concentration
source/drain region 6, a gate insulating film 3, a gate
electrode 4a, a gate interconnection 4b and the like are formed
through the same procedures as those described in Embodiment 8.
Then, a protection oxide film 31 and a polysilicon film 34 for

20 sidewalls are deposited on the top surface by the CVD method.
In this embodiment, on the gate electrode 4a and the gate
interconnection 4b are formed protection silicon oxide films
15a and 15b, respectively. At this point, a polysilicon film
to be used as the gate electrode 4a and the gate

25 interconnection 4b has a thickness of 330 nm, and the minimum

line width is 0.35 um. The protection oxide film 31 has a
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thickness of approximately 20 nm and the polysilicon film 34
has a thickness of approximately 100 nm.

Next, as is shown in Figure 16(b), the polysilicon film 34
is etched back by.the RIE, thereby forming electrode sidewalls

5 34a, interconnection sidewalls 34b and a step sidewall 34c each
made of the polysilicon film on sides of the gate electrode 4a,
the gate interconnection 4b and a step portion of the isolation
2b, respectively.

Next, as is shown in Figure 16(c), by using the gate

10 electrode 4a, the protection oxide film 31, the electrode
sidewalls 34a and the step sidewall-34c as masks, impurity ions
are injected at a high concentration into an active area of the
silicon substrate 1, thereby forming a high-concentration
source/drain region 8.

15 Then, as is shown in Figure 16(d), exposed portions of the
protection oxide film 31 on the substrate are removed by using
the HF type etching solution. Then, as is shown in Figure
16(e), a titanium film is deposited and a first RTA treatment
is conducted, thereby forming a silicide layer made of a TiS.i2

20 film through the reaction between titanium and silicon. The
titanium film is then removed and a second RTA treatment is
conducted, thereby forming a source/drain electrode 9d made of
a silicide layer stretching over thg electrode sidewall 34a,
the high-concentration source/drain region 8 and the step

25 sidewall 34c. Since the silicide layer is formed also on the

interconnection sidewall 34b, this silicide 1layer can be
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connected with the source/drain electrode. Therefore, in this
embodiment, etching is conducted on the isolation 2b by ﬁsing
a resist film or the 1like, so as to selectively remove the
interconnection sidewalls 34b on the sides of the gate
5 interconnection 4b as well as the silicide layer thereoﬁ.
Thus, the source/drain electrodes 9d in the respective active
areas are prevented from being mutually connected. It is
possible to selectively remove merely the interconnection
sidewalls 34b on the sides of the gate intérconnection 4b
10 immediately after forming the sidewalls 34a, 34b and 34c of the

i

pPolysilicon film.

Thereafter, an interlayer insulating film is deposited,
the top surface of the substrate is flattened, a contact hole
is formed, a metallic interconnection film is deposited, and a

15 metallic interconnection is formed. Thus, an LSI is
manufactured.

In thisA embodiment, the source/drain electrode 94 is
ultimately formed so as to stretch over a large area including
the electrode sidewall 34a, the high-concentration source/drain

20 region 8 and the step sidewall 34c. Accordingly, the level
difference between the transistor region Refet and the
isolation 2b can effectively prevent the high-concentration
source/drain region 8 from being brought close to the channel
stop region 60 in the impurity ion injection. Furthermore, in

25 the formation of the source/drain eléctrode 9d of silicide on

the high-concentration source/drain region 8, also the step

¥
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sidewall 34c is.silicified by a certain thickness. However,
since the silicide layer is prevented from being formed in a
further thickness, a 'short circuit current between the
source/drain electrode 9d and the channel stop region 60 is
S effectivély prevented from being caused by the formation of the
silicide layer in the interface between the isolation and the
silicon substrate. Moreover, since the large area stretching
over the electrode sidewall 34a, the high-concentration
source/drain region 8 and the step sidewall 34c is silicified
10 in this embodiment, it is very easy to form a contact member to
be connected with an upper first layér interconnection. As a
result, the area of the transistor .region Refet can be
decreased, namely, the integration of the semiconductor device
can be advantageously improved. Although the electrode
15 sidewalls 34a and the'interconnection sidewalls 34b are made of
a conductive polysilicon film, there is no possibility of a
§hort circuit between the sidewall and the gate because tﬁe
respective sidewalls 34a and 34b are insulated from the gate
electrode 4a and the gate interconnection 4b by the protection
20  oxide film 31.

In the formation of the gate electrode, first and second
conductive films can be used similarly to Embodiment 9, and
-also in this case, the same effects as those of this embodiment
can be attained.

25 The sidewalls are made of a polysilicon film in this

'embodiment, and the polysilicon film can be replaced with an
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amorphous silicon film. Furthermore, the sidewalls can be made
not only of a silicon film but also of another conductive
material such as a metal, and it is not necessarily required to
silicify the sidewalls. .

5 In each of the aforementioned embodiments, the description
is made on the case where the semiconductor element formed in
the active area is a field effect transistor. However, the
invention is not 1limited to these embodiments, and is
applicable when the semiconductor element is a bipolar

10 transistor and the active area is an emitter diffused layer, a
collector diffused layer or a base' diffused layer of the
bipolar transistor.

In each embodiment, setting of an angle of the side
surface of the step portion to be equal to or more than 70°

15 ensures a large level difference between the active area and
the side surface of the step portion around the boundary of the
active area, thereby preventing formation of a deep recess on

the isolation.
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WHAT IS CLAIMED 1IS:

1. A semiconductor device in which a semiconductor element
is disposed in each of plural active areas in a semiconductor
substrate comprising:

an isolation for surrounding and isolating each active
area, the isolation having a top surface at a higher level than
a surface of the active area and ﬁaving a step portion in a
boundary with the active area;

an insulating film formed so as to stretch over each
active area and the isolation;

plural holes each formed by rehdving a portion of the
insulating film disposed at least on the active area;

plural buried conductive layers filled in the respective
holes; and

plural interconnection meﬁbers formed on the insulating
film so as to be connected with the respective active areas
through the respective buried conductive layers.

2. The.semiconductorrdevice of Claim 1,

wherein at least a part of the plural holes are formed by
also removing another portion of the insulating film disposed
on the isolation due to fluctuation in manufacturiﬁg
procedures.

3. The semiconductor device of Claim 1,

wherein dimensions and materials of respective components
are determined so as to satisfy the following inequality:

OE ¥ a x (ER2 / ER1) < b+ D=x (2 / 10)
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wherein “a” indicates a thickness of the insulating film, “b”
indicates a level difference between the surface of the active
area and the top surface of the isolation, “ER1" indicates an
etching rate of the insulating film in forming the holes, “ER2"
indicates an etching rate of the isolation in forming the
holes, “D” indicates a depth of an impurity diffused layer in
the active area, and “OE” indicates an over—efch ratio of the
insulating film in forming the holes.

4. The semiconductor device of Claim 1,

wherein an angle between a side surface of the step
portion and the surface of the active area is 70 degrees or
more. |

5. The semiconductor device of Claim 1,

wherein the isolation is a trench isolation made of an
insulating material filled in a trench formed by trenching the
semiconductor substrate by a predetermined depth.

6. The semiconductor device of Claim 1,

wherein the semiconductor element is a MISFET including:

a gate insulating film and a gate electrode formed on
the active area:; and
source/drain regions formed in the active area on

both sides of the gate electrode.

7. The semiconductor device of Claim 6 further comprising
a gate interconnection made of a material the same as a
material for the gaté electrode and formed on the isolation,

wherein each of the holes is formed on an area including

K
1
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the source/drain region, the isolation and the gate
interconnection, and ‘
the piural interconnection members are connected with the
gate interconnection on the isolation.
S 8. The semiconductor device of Claim 6 further comprising:
electrode sidewalls made of an insulating material and
formed on both side surfaces of the gate electrode; and
a step sidewall made of a material the same as the
insulating material for the electrode sidewalls and formed on
10 a side surface of the step portion,
wherein at least’a part of the holes are formed by also
removing a portion of the insulating film disposed on the step
sidewall.
9. The semiconductor device of Claim 6 further comprising
15 a gate protection film formed on the gate electrode,
wherein at least a part of the holes are formed so as to
stretch over the source/drain region and at least a part of the
gate protection film.
10. The semiconductor device of Claim 9,
20 wherein dimensions and materials of respective components
are determined so as to satisfy the following inequality:

OE x a x (ER3 / ER1l) < c

wherein “a” indicates a thickness of the insulating film, ‘¢
indicates a thickness of the gate protection £film, “ERl"
25 indicates an etching rate of the insulating film in forming the

holes, “ER3" indicates an etching rate of the gate protection
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film in forming the holes, and “OE" indicates an over-etch
ratio of the insulating film in forming the holes.

11. The semiconductor device of Claim 6,

wherein the interconnection members are local
interconnections.

12. The semiconductor device of Claim 6,

wherein the interconnection members are first layer
metallic interconnections, and

the insulating film is an interlayer insulating £ilm
disposed between the semiconductor substrate and the first
layer metallic interconnections.

13. The semiconductor device of Claim 12 further
comprising, between the interlayer insulating film and the
semiconductor substrate, an underlying film made of an
insulating material having high etching selectivity against the
interlayer insulating film.

14. A semiconductor device in which a semiconductor
element is disposed in each of plural actiQe areas 1n a
semiconductor substrate comprising:

a trench isolation for isolating and surrounding each
active area, the trench isolation having a top surface at a
higher level than a surface of the active area and having a
step portion in a boundary with the active area; and

a step sidewall formed on a side surface of the step
portion of the trench isolation.

15. The semiconductor device of Claim 14,
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wherein the step sidewall is made of an insulating
material.
16. The semiconductor device of Claim 14,
wherein the semiconductor element is a MISFET including:
a gate insulating film and a gate electrode formed on
the active area:; and
source/drain regions formed in the active area on
both sides of the gate electrode,
the semiconductor device is further provided with
electrode sidewalls formed on both side surfaces of the gate
electrode, and !
the step sidewall is formed simultaneously with the
electrode sidewalls.

17. The semiconductor device of Claim 16 further

-comprising an electrode formed by silicifying at least a

portion in the vicinity of the surface of the active area.

18. A method of manufacturing a semiconductor device in
which a semiconductor element is disposed in each of plural
active areas in a semiconductor substrate comprising:

a first stép of forming an isolation in a part 6f the
semiconductor substrate, the isolation having a top surface at
a higher level than a surface of the semiconductor substrate
and having a step portion in a boundary with the surface of tpe
semiconductor substrate;

a second step of introducing an "impurity at a high

concentration into each active area of the semiconductor
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substrate surrounded by the isolation;

a third step of forming an insulating film on the active
area and the isolation;

a fourth step of forming, on the insulating film, a

5 masking member having an exposing area above an area at least
including a portion of the active area where the impurity at
the high concentration is introduced:

a fifth step of conducting etching by using the masking
member so as to selectively remove the insulating film and form

10 holes; and

a sixth step of forming a buried conductive layer by
filling the holes with a conductive material and forming, on
the insulating film, interconnection members to be connected
with the buried conductive layer,

15 wherein, in the fourth step, an alignment margin is not
provided for preventing the exposing area of the masking member
frbm including a portion above the isola@ion when mask shift is
caused in photolithography.

19. The method of manufacturing a semiconductor device of

20 Claim 18,

wherein, the fifth step is performed so as to satisfy the
following inequality: }

OE x a x (ER2 / ER1) < b + D x (2 / 10)
wherein “a” indicates a thickness of the insulating film, “b”

25 indicates a level difference between the surface of the active

area and the top surface of the isolation, “ER1" indicates an
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etching rate of the insulatihg film, “ER2" indicates an etching
rate of the isolation, “D"” indicates a depth of an impurity
diffused layer in the active area, and “OE” indicates an over-
etch ratio of the insulating film.

20. The method of manufacturing a semiconductor device of’
Claim 18,

wherein, in the fourth sfep, the masking member is formed
to be positioned with the exposing area thereof including a
portion above the isolation when the mask shift is not caused
in the photolithography.

21. The method of manufacturing a semiconductor device of
Claim 18,

wherein, in the first step, a trench isolation is formed.

22. The method of manufacturing a semiconductor device of
Claim 18,

wherein the semiconductor element is a MISFET,

thg method further includes, before the second step, a
step of forming a gate insulating film on the active area,ia
step of depositing a conductive film on the gate insulating
film and a step of forming a gate electrode by patterping the
conducive film, and

in the second step, tﬁe impurity at the high concentratiqn
is introdﬁced so as to form a source/drain region.

23. The method of manufacturing a semiconductor device of
Claim 22,

wherein, in the step of forming the gate electrode, a gate
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interconnection is simultaneously formed so as to stretch over
the conductive film and the isolation, and

in the fourth step, the masking member is formed so that
the exposing area thereof includes portions above the

5 source/drain region and above the gate interconnection.

24. The method of manufacturing a semiconductor device of
Claim 22 further comprising, after the step of forming the gate
electrode, a step of depositing an insulating film for
sidewalls on the gate electrode, the active area and the

10 isolation, and anisotropically etching the insulating film for
the sidewalls, so as to form electrode sidewalls on both side
surfaces of the gate electrode and form a step sidewall on a
side surface of the step portion in the boundary between the
isolation and the active area.

15 25. The method of manufacturing a semiconductor device 6f
Claim 24 further comprising, after the step of dépositing the
conductive film, a step of depositing a protection insulating
film on the conductive film,

wherein, in the step of forming the gate electrode, the

20 conductive film as well as the protection insulating film are
patterned, so as to form a gate protection film on the gate
electrode, and

the fifth step is performed so as to satisfy the following
inequality: | ”

25 OE x a x (ER3 / ER1l) < c

wherein fa” indicates a thickness of the insulating film, “c
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indicates a thickness of the gate protection film, “ER1"
indicates an etching rate of the insulating £film, “YER3"
indicates an etching rate of the gate protection film and “OE”
indicates an over-etch ratio of the insulating film.

26. The method of manufacturing a semiconductor device of
Claim 25,

wherein, in the fourth step, the masking member is formed
to be positioned without p;oviding a margin for preventing the
exposing area thereof from including a portion above the gate
protection film even when the mask shift is caused in the

3

photolithography.

27. The method of manufacturing a semiconductor device of
Claim 25,

wherein, in the fpurth step, the masking member is formed
to be positidned with the exposing area thereof including at
least a part of a portion above the gate protection film whén
the mask shift is not caused in the photolithqgraphy.

28. The method of manufacturing a semiconductor device of
Claim 22,

wherein, in the sixth step, local interconnections are
formed as the interconnection members.

29. The method of manufacturing a semiconductor device of
Claim 22,

wherein, in the third step, an interlayer insulating film
is formed as the insulating film, and

in the sixth step, first layer metallic interconnections
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are formed_as the interconnection members.
30. The method of manufacturing a semiconductor device of
Claim 29,
wherein, in the third step, after an underlying film made
5 of an insulating material having high etching selectivity
against the interlayer insulating film is formed below the
interlayer insulating film, the interlayer insulating film is
formed.
31. A method of manufacturing a semiconductor device
10 comprising:
a first step of forming an underlying -insulating film on
a semiconductor substrate;
a second step of depositing an etching stopper film on the
underlying insulating film;
15 a third step of forming a trench by exposing a portion of
the etching stopper film and the underlying insulating film
where. an isolatiop is to bev formed and etching the
semiconductor substrate in the exposed portion;
a fourth step of depositing an insulating film fér

20 isolation on an entire top surface of the substrate, flattening

the substrate until at least a surface of the etching stopper
film is exposed, and forming a trench isolation in the trench
so as to surround a transistor region:;
a fifth step of removing, by etching, at least the etching
25 stopper film and the underlying insulating film, so as to

expose a step portion between the transistor region and the
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trench isolation:

a sixth step of depositing a gate oxide film and a
conductive film on the substrate and making the conductive film
into a pattern of at least a gate electrode;

5 a seventh step of depositing an insulating:  film for
sidewalls on the entire top surface of the substrate and
anisotropically etching the insulating film for the sidewalls,
so as to form electrode sidewalls and a step sidewall on side
surfaces of the gate electrode and the step portioﬁ,

10 respectively; and

an eighth step of introducing an impurity into the
semiconductdr substrate in the transistor region on both sides
of the gate electrode, so as to form source/drain regions.

. 32. The method of manufacturing a semiconductor device of

15 Claim 31,

wherein, in the second step, a thickness of the etching
stopper film is determined in consideration of an amount of
over-etch in the seventh step, so that the §tep portion having
a level difference with a predetermined size or more is exposed

20 in the fifth step. |
33. The method of manufacturing a semiconductor device of

Claim 31 further comprising, after completing the eighth step,

a step of siiicifying at least an area in the vicinity of the

surface of the source/drain region.

25 34. The method of manufacturing a semiconductor device of

Claim 31,
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wherein, in the sixth step, a first protection insulating
film is deposited on the conductive film, and the first
protection insulating film as well as the gate electrode are
made into the pattern,

5 the method further includes, after the sixth step and
before the seventh step, a step of depositing a second
prdtection insulating film on the entire top surface of the
substrate,

in the seventh step, a silicon film is deposited as the

10 insulating film for the sidewalls, and
| the method further includes, after the eighth step, a step
of silicifying an area stretching over the electrode sidewall,
the active area and the step sidewall.

35. A method of manufacturing a semiconductor device

15 . comprising:

a first step of forming a gate insulating film on a
semiconductor substrate;

a second step of depositing a first conductive film to be
formed into a gate electrode on the gate insulating film;

20 a third step of forming a trench by exposing a portion of
the first conductive film where a trench isolation is to be
formed and etching the semiconductor substrate in the exposed
portion;

a fourth step of depositing an insulating film for

25 isolation on an entire top surface of the substrate, flattening

the substrate at least until a surface of the first conductive
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film is exposed, ana forming the trench isolation in the tfench
so as to surround a transistor region;

a fifth step of depositing a second conductive film to be
formed into at least an upper gate electrode on the entire top

5 surface of the flattened substrate;

a sixth stép of making the first and second conductive
films into a pattern at 1least of the gate electrode and
exposing a step portion between the transistor region and the
trench isolation:

10 a seventh step of depositing an insulating film for
sidewalls on the entire top surface of the substrate and
anisotropically etching the insulating film for the sidewallé,
so as to form electrode sidewalls and a step sidewall on side
surfaces of the gate electrode and the step portion,

15 respectively; and

an eighth step of introducing an impurity into the
semiconductor substrate in the transistor region on both sides
of the gate electrode, so as to form source/drain regions.

36. The method of manufacturing a semiconductor device of

20 Claim 35,

wherein, in the second step, a thickness of the first
conducfive film is determined in consideration of at least an
amount of over-etch in the seventh step, so that the step
portion having a level difference with a predetermined size or

25 ‘more is exposed in the sixth step.

37.. The method of manufacturing a semiconductor device of
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Claim 35 further comprising, after completing the eighth step,
a step of silicifying at least a portion in the vicinity of the
surface of the active area.
38. The method of manufacturing a semiconductor device of
5 Claim 35,
wherein, in the sixth step, a first protection insulating
film is deposited on the conductive film and the first
protection insulating film as well as the gate electrode are
made into the pattern,
10 the method further includes, after the sixth step and
before the seventh step, a step ‘of depositing a second
protection insulating film on the entire top surface of the

substrate,

in the seventh step, a silicon film is deposited as the

15 insulating film for the sidewalls, and
the method further includes, after the eighth step, a step
of silicifying an area stretching over the electrode sidewall,

the source/drain region and the step sidewall.
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ABSTRACT OF THE DISCLOSURE
An isolation which is higher in a stepwise manner than an
active area of a silicon substrate is formed. On the acti&e
area, an FET including a gate oxide film, a gate electrode, a
S gate protection film, sidewalls and the 1like is formed. An
insulating film is deposited on the entire top surface of the
substrate, and a resist film for exposing an area stretching
over the active area, a part of the isolation and the gate
protection film is formed on the insulating film. There is no
10 need to provide an alignment margin for avoiding interference
with the isolation and the like to a region where a connection.
hole is formed. Since the isolation is higher in a stepwise
manner than the active area, the isolation is prevented from
being removed by over-etch in the formation of a connection
15 hole to come in contact with a portion where an impurity
concentration is low in the active area. 1In this manner, the
integration of a semiconductor device can be improved and an
area occupied by the semiconductor.device can be decreased
without causing degradation of junction voltage resistance and
20 increase of a junction leakage current in the semiconductor

device.
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Docket No.

COMBINED DECLARATION/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
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

the specification of which
(check one) X s attached hereto.

was filed on - as
Application Serial No.

[ hereby state that I have reviewed and understand the contents of the above identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination
of this application in accordance with Title 37, Code of Federal Regulations, § 1.56(a).

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of
any foreign application(s) for patent or inventor's certificate listed below and have also
identified below any foreign application for patent or inventor's certificate having a filing date
before that of the application on which priority is claimed:

Prior Foreign Application(s) Priority Claimed
7-192181 JAPAN 27/07/1995 X Yes __ No
(Number) (Country) (Day/Month/Year Filed)

7-330112 JAPAN 19/12/1995 X Yes _ No
(Number) . (Country) (Day/Month/Year Filed)

Yes _ No
(Number) (Country) ~ (Day/Month/Year Filed)

I hereby claim the benefit under Title 35, United States Code, § 120 of any United
States application(s) listed below and, insofar as the subject matter of each of the claims of
this application is not disclosed in the prior United States application in the manner provided
by the first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to
disclose material information as defined in Title 37, Code of Federal Regulations, § 1.56(a)
which occurred between the filing date of the prior application and the national or PCT
international 'ﬁling date of this application:
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(Appln. Serial No.) (Filing Date) (Status—patented, pending, abandoned)

(Appln. Serial No.) (Filing Date) (Status-patented, pending, abandoned)

I hereby appoint as my attorneys, with full power of substitution and revocation, to
prosecute the patent application identified above and to transact all business in the U.S. Patent
and Trademark Office connected therewith: Raphael V. Lupo (Reg. No. 28,363); Jack Q.
Lever, Jr. (Reg. No. 28,149); Kenneth L. Cage (Reg. No. 26,151); Stanislaus Aksman (Reg.
No. 28,562); Paul Devinsky (Reg. No. 28,553); Edward E. Kubasiewicz (Reg. No. 30,020),
Michael E. Fogarty (Reg. No. 36,139); Brian E. Ferguson (Reg. No. 36,801); Robert W.
Zelnick (Reg. No. 36,976); and Wilhlem F. Gadiano (Reg. No. 37,136).

Please address all correspondence and telephone calls: to:

Kenneth L. Cage, Esquire
McDERMOTT, WILL & EMERY
1850 K STREET, N.W., SUITE 500
WASHINGTON, D.C. 20006
(202) 778-8300

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow
instructions from Maeda Patent Office as to any action to be taken in the
Patent and Trademark Office regarding this application without direct communication between
the U.S. attorney and the undersigned. In the event of a change in the persons from whom
instructions may be taken, the U.S. attorneys named herein will be so notified by the
undersigned.

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.

Full name of sole or first inventor Mizuki SEGAWA -

Inventor's signature W ?“ w2C J;e:ﬁ%g:a Date July 22, 1996
Residence* Osaka, Japan Citizenship Japan

Post Office Address 7-11-64, Nagao—motomachi, Hirakata—shi, Osaka 573-01, Japan
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Full name of second inventor Isao MIYANAGA

Inventor's signature  _ {4y o %A«w PR Date July 22, 1996
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Post Office Address 996-3, Kido-cho, Kawachinagano-shi, Osaka 576, Japan

Full name of third inventor Toshiki YABU
Inventor's signature _f(-;z;[g-_ ko "144,&,\ Date July 22, 1996
Residence* . Osaka, Japan i Citizenship Japan

Post Office Address 4-14-1, Nagaodai, Hirakata-shi, Osaka 573-01, Japan

Full name of fourth inventor Takashi NAKABAYASHI

Inventor's signature ‘MZ‘M;@QA Date July 22, 1396
Residence* Osaka, Japan Citizenship Japan

Post Office Address 3-13-1-306, Oogaichi—cho, Hirakata—shi, Osaka 573, Japan

Full name of fifth inventor Takashi UEHARA
Inventor's signature C/—M, LMW Date July 22, 1996
Residence* Osaka, Japan Citizenship Japan

Post Office Address 6-Nishi 1-1506, Sotoshima-cho, Moriguchi—shi, Osaka 570, Japan

Full name of sixth inventor Kyoji YAMASHITA

Inventors signature  [Copoir  Younaadir,  Date July 22, 1996
Residence* Osaka, Japan’ Citizenship Japan

Post Office Address 1-4-40-554, Nonaka—minami, Yodogawa—ku, Osaka—shi, Osaka 532,
Japan

Full name of seventh inventor Takaaki UKEDA

Inventor's signature M /74 M Date July 22, 1196
Residence* 'Osaka, Japan - Citizenship Japan

Post Office Address 6-2-205, Myokenzaka, Katano-shi, Osaka 576, Japan
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Full name of eighth inventor Masatoshi ARAI

Inventor's signature /{I[Qﬁ'ﬁfl. y Am\‘ : Date July 22, 1996
Residence* Osaka, Japan Citizenship Japan

Post Office Address 1-4-40-741, Nonaka-minami, Yodogawa—ku, Osaka—shi, Osaka 532,
Japan

Full name of ninth inventor Takayuki YAMADA

Inventor's signature  Ynmods Date July 22, 1996
Residence* Osaka, Jap / ' Citizenship Japan

Post Office Address 4-2-6, Yamashiro—-cho, Yao—shi, Osaka 581, Japan

Full name of tenth inventor Michikazu MATSUMOTO
Inventor's signature /‘ﬂ;/%ﬁo / LLW Date July 22, 1796
Residence* Osaka, Japan Citizenship Japan
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Docket No.: 71971-012 ' ' PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
Mizuki SEGAWA et al. : Confirmation Number: Not yet assigned
Application No.: Divisional of : Group Art Unit: Not yet assigned

Application No. 10/454,682
Filed: November 24, 2004 : Examiner: Not yet assigned
For: SEMICONDUCTOR DEVICE AND I\/[E;I'HOD OF MANUFACTURING THE SAME

SUPPLEMENTAL POWER OF ATTORNEY AND CUSTOMER NUMBER

Mail Stop OIPE
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
Here is a listing of ten registered attorneys to be made of record in this application. All are
registered practitioners of McDermott Will & Emery (Customer Number 20277).
Stephen A. Becker, Reg. No. 26,527; Bernard P. Codd, Reg. No. 46,429; Ramyar M. Farid,
Reg. No. 46,692; Michael E. Fogarty, Reg. No. 36,139; Keith E. George, Reg. No. 34,111; John
A. Hankins, Reg. No. 32,029; Michael A. Messina, Reg. No. 33,424; Gene Z. Rubinson, Reg. No.
33,351, Arthur J. Steiner, Reg. No. 26,106; and Tomoki Tanida, admitted under 37 CFR 10.9(b).
Please recognize our Customer No. 20277 as our correspondence address.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP
Hye 1<
: ( Michael E. Fogarty
Registration No. 36,139

600 13™ Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:ete
Facsimile: 202.756.8087
Date: November 24, 2004
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Docket No.: 71971-012 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
Mizuki SEGAWA et al. : Confirmation Number: Not yet assigned
Application No.: Divisional of : Group Art Unit: Not yet assigned

Application No. 10/454,682
Filed: November 24, 2004 : Examiner: Not yet assigned
For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME
PRELIMINARY AMENDMENT
Mail Stop NEW APPLICATIONS
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
Prior to examination of the above-referenced application, please amend the application as
follows:

Amendments to the Claims begin on page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper. -
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IN THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the application.

Listing of Claims:
Claims 1 - 38 (Cancelled)

39. (New) A semiconductor device, comprising:

an isolation insulating area surrounding an active area of a semiconductor substrate;

a gate insulating film formed over the active area;

a gate electrode formed over the gate insulating film;

first L-shaped sidewalls formed over the side surfaces of the gate electrode; and first
silicide layers formed on regions located on the sides of the first L-shaped sidewalls within the

active area.

40. (New) The semiconductor device of Claim 39, wherein the first L-shaped

sidewalls are made of a silicon nitride film.

41. (New) The semiconductor device of Claim 39, further comprising first protection

oxide films formed between the gate electrode and the first L-shaped sidewalls.

42. (New) The semiconductor device of Claim 39, further comprising a second

silicide layer formed on the gate electrode.

43. (New) The semiconductor device of Claim 39, further comprising source/drain
regions formed on both sides of the gate electrode within the active area,

wherein the first silicide layers are formed on the source/drain regions.

44, (New) The semiconductor device of Claim 39, further comprising an
interconnection formed over the isolation insulating area; and

second L-shaped sidewalls formed over the side surfaces of the interconnection.

-2 -
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45. (New) The semiconductor device of Claim 44, the second L-shaped sidewalls are

made of a silicon nitride film.

46. (New) The semiconductor device of Claim 44, further comprising second

protection oxide films formed between the interconnection and the second L-shaped sidewalls.

47. (New) The semiconductor device of Claim 44, further comprising a third silicide _

layer formed on the interconnection.

48. (New) The semiconductor device of Claim 39, wherein the isolation insulating

area is a trench isolation.

49, (New) The semiconductor device of Claim 48, the trench isolation has an upper

surface higher than the surface of the active area.
50. (New) The semiconductor device of Claim 48, wherein a lower portion of the
interconnection provided on the upper surface of the trench isolation is located higher than the

surface of the active area.

51. (New) The semiconductor device of Claim 44, wherein the interconnection is

composed of the same material as the gate electrode.

52. (New) The semiconductor device of Claim 51, wherein the gate electrode and the

interconnection has at least a polysilicon film.
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REMARKS

Please cancel claims 1 — 38 without prejudice or disclaimer. New claims 39 — 52 have
been added.

No new matter has been introduced. Entry of this amendment is respectfully solicited.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

Michael E. Fog
Registration No. 36,139

600 13™ Street, N.W. Please recognize our Customer No. 20277
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:ete

Facsimile: 202.756.8087

Date: November 24, 2004
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Docket No.: 71971-012 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
Mizuki SEGAWA et al. : Confirmation Number: Not yet assigned
Application No.: Divisional of : Group Art Unit: Not yet assigned

Application No. 10/454,682
Filed: November 24, 2004 : Examiner: Not yet assigned
For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

INFORMATION DISCLOSURE STATEMENT

Mail Stop NEW APPLICATIONS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the
Patent and Trademark Office is hereby directed to the references listed on the attached form
PTO-1449. It is respectfully requested that the references be expressly considered during the
prosecution of this application, and that the references be made of record therein and appear
among the "References Cited" on any patent to issue therefrom.

This Information Disclosure Statement is being filed within three months of the U.S.
filing date OR before the mailing date of a first Office Action on the merits. No certification or
fee is required.

The references were cited by or submitted to the U.S. Patent and Trademark Office in
parent application Serial No. 10/454,682, filed June 5, 2003, which is relied upon for an earlier

filing date under 35 USC 120. Thus, copies of these references are not attached. 37 CFR

1.98(d).
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Application No.: Divisional of Application No. 10/454,682

Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

% WILL & EMERY LLP
1\
N7s He,6 92
/ ichaefE. Fogarty Cf / é ?
. Registration No. 36,139
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INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO. .
71971-012 Divisional of Application No.
CITATION IN AN 10/454 682
APPLICATION
APPLICANT
Mizuki SEGAWA, et al.
(PTO_ 1 449) FILING DATE GROUP .
November 24, 2004 Not yet assigned
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