2\ UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/051,415 03/18/2011 Shunsuke ISONO 085393-0521
CONFIRMATION NO. 4503
53080 POWER OF ATTORNEY NOTICE
Rimon PC - Panasonic Corporation
8300 Groansboro Dr. [ O TR
Suite 500 0C000000082298627

McLean, VA 22102
Date Mailed: 12/26/2024

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/19/2024.

* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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2\ UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.0O. Box 1450

m;i;g:g‘féginii 22313-1450
[ APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/051,415 03/18/2011 Shunsuke ISONO 085393-0521
CONFIRMATION NO. 4503
27197 POA ACCEPTANCE LETTER
SZYION M. GURDA. AR 00 G
903 COMMERCE DR 0C000000082298639

SUITE 310
OAK BROOK, IL 60523

Date Mailed: 12/26/2024

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/19/2024.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE Alexandra, Ve e io.gor

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
13/051,415 12/19/2024 12:14:38 AM Z ET 085393-0521

Title of Invention
SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 8329572
under 35 USC 111(a)

CONFIRMATION # 4503 FILEDBY Yilu
PATENT CENTER # 68437381 FILING DATE  03/18/2011
CUSTOMER # 53080 FIRST NAMED  Shunsuke ISONO
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Szymon Gurda
ADDRESS

Documents TOTAL DOCUMENTS: 2
SIZE

DOCUMENT PAGES DESCRIPTION (KB)

POA .pdf 2 Power of Attorney 1163 KB

. Assignee showing of

2ia0096.pd 3 ownership per 37 CFR 3.73 121KB

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

ECBD17696152E1EEC855582EEB520D1FBB759F1067CFFE8D
POA.pdf FD2239709901172D3B5DDEED 16 DBASF6F9F0D40FA32AAESS
A67432DBE53E12FDC1728795B09E1EOB

_ 33F4054F76582662B53677CBC845778FDCA9B45E58B317C6A
aia0096.pdf ECD31B8905F86B5D3BBC094B27D147C58E263562A441D1439
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CECD38C2A4621B2D81A0A0COFC258D

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.

TSMC EX1003 p. 4



S AIARTAL
IS 085

Appraved fur use thrawh §

LEDEPAL

suuiend to respond 1o 8 sollent

Fateat Numbsy BI2U5T72
PATENT - POWER OF ATTORNEY e
tesue Jaie Decerbar 11, 2012

OR rywy
First Named inventor Shunsuke ISONO

REVOCATION OF POWER OF ATTORNEY .

Tithes
- SEMICONDUCTOR DEVICE AND
WATH A NEW POWER OF ATTORNEY METHOD FOR FABRICATING

AND THE SAME
\_ CHANGE OF CORRESPONDENCE ADDRESS iy ioowetio.Jommo.04105 Y,

{ hereby vevoks all previous powers of atoraey given in the above-identifing patent.

m A Powsr of Attormey is submitted harewith,

f . _ .
Fhereby appoint Practitioneris) assnciaied with the Customes Nutmber identified in the box at right as myfour
Jattomeyis} or agentis) with respect to the patent identified sbove, and 1o transact 3H business in the United 27197
Atates Patant and Trademark Office connected therawith:

OR
thereby appoint Practitioneris) named below as myfow sttomeyfs) or sgents] with respect to the petent identified above, and to transact
ol business in the United 5tates Pateni and Trademark Office connected thereswith:

Practitioner{s} Nams Registration Nursber

Please recognize or change the correspondence address for the above-identified patent toe

g The address assoctated with the shove-identifisd Custormer Number,

E:] The address sssoclated with the Customer Nurvbsr identified in the box at right:

Firmor
nsdividuat Name
Address

£

City ]
Contry
Telephane b et |

5]
I

tate | i

{am thes

m Applicant.

OR
m Patent owner,

Statzment under 37 CF8 3, 73{5) (Farm F?‘QHA;A;’?{;_ submitted he ,ewam o filed on .

i3 SIGATURE of i&ﬁplicant of Patent Cwner
Signature £ R MYy N Dase
Naras Sy 1y }’W eiephcne
Titte ang Cemp;jny Ao 3&;«& Gy, SEXVARDED N ‘:w?{&. BT CIRCANT £267

NOTE: Signatuwrss of 31 the appdicants or patent owners of the entire interest or their representativeds) are reguived. i more than one signaturs
is reguired, submit muitiphe forms, check the box betow, and identify the total nurnber of farms submitted in the blank below

[:} Attt of forms are submitted.

Ths coflaation of nformation & requised by 37 OFR 131, .32, and 133, The inforaation 1§ reguired to obtain gr resin a Demfit by the puhlic, whish iz w0 updnte
§ by the USPTO 1o grocesad the file of 5 gatent or reaxseninadon geo .ng C\mhd ntiakitgis gm‘cr o by 3SR, 22 aud 37 CFR 133, Thas colfentionis
st o take Imim prapasing e will vary degending
upon the adivis i, shoutd be sent to
the Chist Information Of 450, DO NOT SEND
SIMNARLETER FORMS TE TiRE "

S

adior sug},t‘i\"ﬁ!&'?‘
: AP 0, Bk 1450, Alexang
SEND TO: Commissioner for Patents, P.D, Box ‘NSB Aip andraa VA 22513 1358,
i you nved o
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Frivacy Act Statement

The Privacy Act of 1874 (P.L. 53-579) requires thal you be given ceriain information in connection with your
suimission of the attached form related o a patent application or patert.  Accoidingly, pursuant to the
requirements of the Act, please be advised that: (1} the ganeral authority for the collection of this informalion is
35 U.8.C. 2{b}2a}; (2} turnishing of the information solicited is voluntary; and (3} the principal purposs for which
the information is used by the U.5. Patent and Trademark Office s to process andior examine your submission
related 10 a patent application or patent. i you do not furnish the requested information, the U5, Palent and
Trademark Office may not be able 1o process andfor examine your submission, which may result in termination
of procaedings or abandonment of the application or expiration of the patent.

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

1. The infurmation on this foroy will be reated confidentially to the axtent allowed under the Freedom of
information Act (5 LL.8.0. 852} and the Privacy Act {8 LL8.C §52a) Records from this system of
records may be disclosaed o the Depadment of Justice (o determine whether disclosure of these
racords is raquirad by the Fresdom of Information Act.

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

aviderice to & court, magisirate, or adminisirative tribunal, including disclosures to opposing counsst in

the course of seftlement negotiations,

A record in this system of records may be disclosed, as a routine use, to a Member of Congress

submitting a request involving an individual, 1o whom the record pertains, whan the individual has

requested assistance from the Member with respect {0 the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, 1o a contractor of the Agency
having need for the informalion in order 1o perform a condract, Racipients of information shall be
required to conply with the requirements of the Privacy Act of 1974, as amended, pursuani to 5 U.S.C.
552a(m).

5. A record related o an International Application filed under the Patent Cooperation Trealy in this
system of records may be disclosed, as a rouline use, to the International Bureau of the World
intellactual Property Organization, pursuiant to the Patent Cooperation Treatly.

6. A record in this system of records may be disclosed, as a rouline uss, 1o ancther federal agency for
nurposes of National Security review (35 U.8.C. 181} and for review pursuant to the Atomic Energy Act
{42 U.8.C. 218(c)).

7. Avrecord from this system of records may be disciosed, as a routine use, 1o the Administrator, General
Services, or his‘her designee, during an inspection of records conducted by GSA as pant of that
agency's responsibility to recommend Improvemaents in records managemeni practices and programs,
under authority of 44 U.5.0. 2904 and 2806. Such disclosure shall be made in accordance with the
GSA regulations govering inspection of records for this purpose, and any other relevant {ie, GSA or
Commaerce} directive. Such disclosure shall not be used 1o make determinations about individuais,

8. A record from this system of records may be disclosed, as a routine use, to the public afler either
publication of the application pursuant fo 35 U.S.C. 122(b} or issuance of a patent pursuant fo 35
U.S.0. 181, Further, a record may be disclosed, subject io the limitations of 37 CFR 1.14, as a rottine
use, to the public if the record was filed in an application which became abandoned or in which the
procesdings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routing use, to a Federal, State, or local
law sniorcement agency, if the USPTO becomas aware of a violation or potential viclation of law or
requiation.

o
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)
ADVANCED INTEGRATED CIRCUIT PROCESS LLC

Application No./Patent No.: 8329572 Filed/Issue Date: December 11, 2012
Titleq: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

ADVANCED INTEGRATED CIRCUIT PROCESS LLC , corporation

Applicant/Patent Owner:

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: the inventor(s) To. MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.

The document was recorded in the United States Patent and Trademark Office at

Reel 015826 , Frame 0905 , or for which a copy thereof is attached.

5 From: MATSUSHITA ELECTRIC INDUSTRIAL CO,, LTD. 1. PANASONIC CORPORATION

The document was recorded in the United States Patent and Trademark Office at
Reel 022434 , Frame 0348 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

TSMC EX1003 p. 7



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)

3 From: PANASONIC CORPORATION To: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD.

The document was recorded in the United States Patent and Trademark Office at

Reel 052755 0917

, Frame , or for which a copy thereof is attached.

4. From: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD. To: NUVOTON TECHNOLOGY CORPORATION JAPAN

The document was recorded in the United States Patent and Trademark Office at

Reel 067711 0965

, Frame , or for which a copy thereof is attached.

NUVOTON TECHNOLOGY CORPORATION JAPAN 1,. ADVANCED INTEGRATED CIRCUIT PROCESS LLC

5. From:

The document was recorded in the United States Patent and Trademark Office at

Reel 068118 0314

, Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Szymon M. Gurda/ December 18, 2024
Signature Date

Szymon M. Gurda 58451

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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

TSMC EX1003 p. 9



RN Y\ UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/051.415 12/11/2012 8329572 085393-0521 4503
53080 7590 11/21/2012
MCDERMOTT WILL & EMERY LLP
The McDermott Building

500 North Capitol Street, N.W.
WASHINGTON, DC 20001

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 82 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

Shunsuke ISONO, Osaka, JAPAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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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 (5§71)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if rcquircd% 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 "lEEE ADDRESS" for
maintenance [ee 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
gapcrs. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

53080 7590 08/10/2012
MCDERMOTT WILL & EMERY LLP Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
600 13TH STREET, NW States Postal Service with sufficient postage for first class mail in an envelope
WASHINGTON, DC 20005-3096 addressed lo the Mail Swg ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name}
53080 (Signatare)
(Date)
I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/051,418 03/18/2011 Shunsuke ISONO 085393-0521 4503
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
l APPLN.TYPE |  smarLENTITY | I1SSUEFEEDUE ! PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | ToTar FEE(S) DUE l DATE DUE |
nonprovisional NO $1770 $300 $0 $ 2070 11/13/2012
I EXAMINER | ART UNIT [ crasssuscrass |
TRAN, LONG K 2829 438-618C00
1. Change of correspondence address or indication of "Fee Address” (37 2. For prinling on the patent [ront page, list .
CEFR 1.363). (1) the names of up to 3 registered patent attorneys iMcDermott Wili & Emery LLP
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ) . 9
(2) the name of a single firm (having as a membera =
[J "Fee Address” indication (or "Fee Address” Indication form registered attorney or agent) and the pames of up (o
PTO/SB/47; Rev 03-02 or more recent) altached, 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 identificd below, no assignee data will appcar 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)

Panasonic Corporation Osaka, Japan

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
K1 Issue Fee [ A check is enclosed.
Publication Fee (No small entity discount permitted) a Payment by credit card. Form PT(0-2038 is attached.
Advance Order - # of Copies 4 K]The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number _S_Dﬂl]l__ (enclose an extra copy of this form).

5. Change in Entity Status (from status indig above)
o Applicant claims SMALL ENTI}“YI statas. Scc 37 CFR 1.27. o, Applicant is no longer claiming SMALL ENTITY status. Sce 37 CFR 1.27(g)(2).

NOTE: The Issuc Fec and Publication Fec (if £¢quircd) will not be accepted from anyonce other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of th¢ United'States Patent and Trademark Office.

-

Authorized Signature - Date November / 2 2012

Typed or printed name Michael Enggany Registration No. 36 ,1 39

This collection of information is required gy 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process}
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submutting the completed application fornyto the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief In%orrnation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS '1'O THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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

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

Application Number:

13051415

Filing Date:

18-Mar-2011

Title of Invention:

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

First Named Inventor/Applicant Name:

Shunsuke ISONO

Filer:

Michael E. Fogarty/Tatiana Tucker

Attorney Docket Number:

085393-0521

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suzgs:;; in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1770 1770
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount SUB'ST;(tsa)l in
Extension-of-Time:
Miscellaneous:
Printed copy of patent - no color 8001 4 3 12
Total in USD ($) 2082
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Electronic Acknowledgement Receipt

EFS ID: 14205189
Application Number: 13051415
International Application Number:
Confirmation Number: 4503

Title of Invention:

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

First Named Inventor/Applicant Name:

Shunsuke ISONO

Customer Number:

53080

Filer:

Michael E. Fogarty/Tatiana Tucker

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number: 085393-0521
Receipt Date: 12-NOV-2012
Filing Date: 18-MAR-2011

Time Stamp: 16:10:00

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $2082
RAM confirmation Number 13340
Deposit Account 500417
Authorized User
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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98965
1 Issue Fee Payment (PTO-85B) if_085393-0521.PDF no 1

b564b09339a712ea63dedafe28fe286f94b

Warnings:

Information:

33723
2 Fee Worksheet (SB06) fee-info.pdf no 2
a7048e383ch7081787eb003cf729a2e6e46
elc33
Warnings:
Information:
Total Files Size (in bytes):I 132688

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

TSMC EX1003 p. 15



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.“SP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
53080 7590 08/10/2012
MCDERMOTT WILL & EMERY LLP TRAN, LONG K
600 13TH STREET, NW
WASHINGTON, DC 20005-3096 | ART UNIT PAPERNUMBER |
2829
DATE MAILED: 08/10/2012
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/051,415 03/18/2011 Shunsuke ISONO 085393-0521 4503

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

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

nonprovisional NO $1740 $300 $0 $2040 11/13/2012

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

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

HOW TO REPLY TO THIS NOTICE:
1. 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 5b 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 5a 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. 02/11)
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PART B - FEE(S) TRANSMITTAL

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

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

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

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

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

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

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

ave its own certificate of mailing or transmission.

53080 7590 08/10/2012
MCDERMOTT WILL & EMERY LLP Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
600 13TH STREET, NW States Postal Service with suff)icient postage for first class mail in an envelope
WASHINGTON, DC 20005-3096 addressed to the Mail Stog ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/051,415 03/18/2011 Shunsuke ISONO 085393-0521 4503
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 11/13/2012
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
TRAN, LONG K 2829 438-618000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). - 1
(1) the names of up to 3 registered patent attorneys
D Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
P! g P g y
Address form PTO/SB/122) attached. . . . 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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

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

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

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

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

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

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v: deEending 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, Alexand%ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SP[O.gOV

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/051,415 03/18/2011 Shunsuke ISONO 085393-0521 4503
53080 7590 08/10/2012 | EXAMINER |
MCDERMOTT WILL & EMERY LLP TRAN, LONG K
600 13TH STREET, NW
WASHINGTON, DC 20005-3096 | ART UNIT PAPERNUMBER |

2829

DATE MAILED: 08/10/2012

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

The Patent Term Adjustment to date is 84 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 84 day(s).

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

_ - 13/051,415 ISONO, SHUNSUKE
NOtlce Of AIIOWab’Ilty Examiner Art Unit
LONG TRAN 2829

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

1. [X] This communication is responsive to Peliminary AMDT on 03/18/2011.

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

3. X] The allowed claim(s) is/are 23-29.

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

a) Al b)[ Some* c)[JNone ofthe:
1. [X] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

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

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

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date __ .

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

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

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

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

Paper No./Mail Date 03/18/2011
4. [[] Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ other .

/Long K. Tran/
Primary Examiner, Art Unit 2829
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120806
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Application/Control Number: 13/051,415 Page 2
Art Unit: 2829

DETAILED ACTION

Response to Preliminary Amendment

1. This office action is in response to Amendment filed on 03/18/2011.
Claims 1 — 22 have been cancelled.
Claim 23 has been amended.
Claims 28 and 29 have been added.

Claims 23 — 29 are presented for examination.

Priority
2. Acknowledgment is made of applicant's claim for foreign priority under 35

U.S.C. 119(a)-(d). The certified copy has been filed on 04/05/2011.

Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on 03/18/2011, including a

fee set forth in § 1.17(p), has been filed and has been considered by the examiner.

Allowable Subject Matter
4. Claims 23 — 29 are allowed.
5. The following is an examiner’s statement of reasons for allowance: Claims 23 —
29 are allowable over the prior art of record because none of the prior art whether taken
singularly or in combination, especially when these limitations are considered within the

specific combination claimed, to teach:

TSMC EX1003 p. 21



Application/Control Number: 13/051,415 Page 3
Art Unit: 2829

Forming an interconnect layer in at least an upper portion of a first insulating film;
forming an oxidation-resistant conductor film covering the top of the interconnect layer;
forming a second insulating film on the first insulating film and the oxidation-resistant
conductor film; and combination of other steps of the independent claims 23 and 28.

Any comments considered necessary by applicant must be submitted no later than
the payment of the issue fee and, to avoid processing delays, should preferably accompany
the issue fee. Such submissions should be clearly labeled “Comments on Statement of

Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LONG TRAN whose telephone number is (571)272-
1797. The examiner can normally be reached on Mon-Thu.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Ha Nguyen can be reached on 571-272-1678. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

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

TSMC EX1003 p. 22



Application/Control Number: 13/051,415 Page 4
Art Unit: 2829

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Long K. Tran/

Primary Examiner, Art Unit 2829

August 6, 2012
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Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 13/051,415 ISONO, SHUNSUKE
Notice of References Cited _ .
Examiner Art Unit
LONG TRAN 2829 Page 1 of 1
U.S. PATENT DOCUMENTS
* Document Number Date Name Classification
Country Code-Number-Kind Code MM-YYYY
* | A | Us-2003/0020168 01-2003 Watanabe et al. 257/760
B | US-
c | US-
D | US-
E | US-
F | US-
G | US-
H | US-
I us-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Courty Godbmumberkind Gode | MVAPYYY Country Name Classification
N
(e}
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
Vv
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) Notice of References Cited Part of Paper No. 20120806
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Receipt date: 03/18/2011 13051415 - GAU: 2829

SHEET 1 OF 2

INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO.
APPLICATION Serial No. 12/153,028
APPLICANT
Shunsuke ISONO
(PTO_ 1 449) FILING DATE GROUP
March 18, 2011 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 g knowns MM-YYYY Document Relevant Passages or Relevant
Figures Appear
us 7,041,586 B2 05-2006 KUDO ET AL. Corresponding to
JP 11-274122 A
us 6,730,590 B2 05-2004 OHASHI ET AL. Corresponding to
JP 11-145288 A
us 6,908,847 06-2005 SAITO et al.
us 6,281,535 08-2001 MA et al.
us 6,417,116 07-2002 KUDO et al.
us 6,479,366 11-2002 MIYAMOTO
us 2002/0079585 06-2002 WONG
us 2005/0054122 03-2005 CELll et al.
us 6,114,243 09/2000 GUPTA et al.
us 6,589,863 07/2003 USAMI, Tatsuya
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
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[0039]

FETHE (c) <l LRidhisE o LIk, 75 X<, ooy MNUEE 721344 >
FAZIT>CEZPEAT LI LICEY, R bMEAE L2 )L T kv,

(004 0]

LT () i, IO brsRiE e U ¢, 22302 FidhEo g
HLTH kv,

(004 1]

FEETHE (b)) T, FidEMEE LT, —NVU Y Z7HOP 1 ofitfifg . Fidw 1
DOEFRFICH EN D HIRNICAE T 2P 2 ofidig & 2Rk L. FidTHE (c) Tk Lk
U 1 OBEYE B L O AL 2 ofidiE o bt bR g A s L. BRdTRE (F)
Tl LECH 3 ofeigiER L O EELH 2 oo 5 b FIdE 1 ofitiE o AT E T
LIRS D —EREBRET A LICLEY, S NVU T ITHO RN L YFAZ - ERFRL. EiD
3 DHIEER KO LILH 2 oMgiED > b FILE 2 ol FHICHE T 50—
WEMETLZZLICEY, R—ARNF—UZERLTO L0, ZOBEEICIE. b L F I8
& — > OBJOMEMEIZ. A= —oBHOmEFELY bLWvo T, ITHKE (f) Tk Fs—
WRE =2 F DY MU VFNRE = DFPEIIEREINTLE S, LAL, 32 o
DHIBL MU YFNRE — R ENDHEIRIEL R ENTWDLDT, F 1 OlifE %28
HLICLK KT BZ e TED,

(004 2]

LEETH (a) oRNC. ECFEAREMMNICETEZIERT 5T (g8) 23 6I1IXiA.
LECTHE (b)) Tik, LidFEFeEAHICHmINS FELAEEZERL TH L, 2o
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WEcid, ITFE (f) i2BnwT, BETLHIESICHEMETTY, e EE LI <
TBHZEMTES,

(FEHH D% )

(004 3]

AFEHH DY HAREERE B L O ol kB UL, B OB REM LS5 2 88T
&5,

(FHH % FHET 5 72 DI L D ZHE)

(004 4)

(3 1 DENEZHE)

PITiC, &NFREHOH 1 O FEHIABICIR S FEAEE ol ki >, M1 (a) ~
(f) #BHLZBEHIAT S, M1 (a) ~ (f) 1% F 1 oEEHEoFLEAEE O
BV 2R THMENCH 2, 2B, M1 (a) ~ (f) 1%, ERERFIER 1 &, K
FIZARAEIRR 1 2 GROBAD SFET 720D — VY U ZHIER 2 L Zor L T3,
= VIR 2IFESRERMEIRR 1 ofl 52 HA TH S,

(004 5]

F9. X1 (a) IWWRTITRT, YU yENR (XRed) Ry U a U E» 5%
5, BE500nmoF 1 ofFIEL1 01 2R 5, LT, FlogHEl1o01o bk
IS, ZH MU VTS 7401280, BN — IR EICBHIOZ2 BT 7 LI (
FoREd) 2RSS, T MLV RANERAZELTCRSIATyF O TE2ITHIL
XY, FB1OMBEHE1 010 FEMREL T, WE250nmofidig# 108, 109
EERT B, TO®R., 74 MUY RARNEBERELZE. ER IS, FUEALFALA RS A RE
EUENENSRLEE30 nmoMEE (Mred) 2. JEX 1000 nmofiliE (X
IRET) LERT B, ok, CEREBRITE L E O CHE S gl e 235 2
Lick . BIEARATIRR 11C. A 1 O 8ONERMHEEHORMHEMRE1 02 a L, #£
HEMAE 1 02 aZ/ L CHMEE 1 O 82D L LEHMIEL 02 b o sF 1 0s
Bl L 0 2B FRT D, T X, ¥— LU Y FHIER 21Cid, REEAE1 03 a
LfEIE 1 03 bbb 2nLfElE 1 0 3 2 KT 5,

(004 6]

Kic, X1 (b)) ICRTITFET, (LRSS LA, F 7213 hiRe &2 A =2Fo
BRIy F o710k -T, FloLEitHR1 0 2BLU0H 202l 1 0 3D +E
FUEBZREIRLZLICEY, BE20nm~4 0 nmfEEo U2k (MEE1 1 0) %
kY 5.

(004 7)

Xz, M1 (e) ISRT AT, EMEIC, UEEL 1 0%y, JHX100nm~15
OnmdDT Y aryE L UE» S22 0ME1 04 2HfET 5, o X, F2D
M1 04 oMkl LTid, U avE tiE. U a VUK. O U = U bR
EEHAWTL LW, £, Zho E0fMEEREZTZARL TH LUy,

(004 8)

COFETIE. B 10LBEM1 0 2BXUH 208 1 0 3DV AR % Xk
LT, B20#3E1 04 0 FEIIFBENEZRENTWS,

(004 9]

Zic, M1 (d) WORTIRET, R, Mg mELH/ vy by
FoF. FREBTF R I EITIZLICED., B20#30E1 0 4 o L0 LR LT
V. THICKY, F2oMBE1 040> 5H 1 oL@l 1 0 2 BLUH 2 DL/ghlks
103D FIHUETAIAOMIEILZ7 O nm~9 0 n mfEFIcR . FhlSoiRNro)E
X1Z50nmick s,

(005 0]

Xz, M1 (e) IRTIMT, M IS, RESHEIY a U EBRUE» 52255 3 off
WFHE1 O b 2T B, Cor X, B3DMEE1 05 LTiE FSG (Fluorinated
Silicate Class) . B P SG (Boron Phospho Silicate Class) HEF 7=132AHIE% H
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WTH &, £ IS DEOHEEEEZHWTY &,

(0051)

FTD®R, ZHAMIVITS T4 —1CkoT, B3DHHEEL 05D LI, R—NF—
R B LRV F Y — UIEREIRICBHIO 25 T5 7 h LY AN (BIRET) %
kT 5, 0%, ZFHARLVIRARERAZ LTRSS Ty F T ERITHIIEITLD,
BUAERSIER 1 13— —> (AR —F—J)V) 1 06 2FaLl. >—U > 74
HMR2ICIFERLYFART -1 0TE2KRT D, CORIA Ty F UL, A—ILNF —
C106BIXCRNLYFANAFT—107THE20H8H1 04 oRPOERIICRSDE TIT
S, THDEE, RLVFNRE—21070BOEMEIZIAR—NALNZ —21 0 6 OB O L
VYLD T, RULYFART—210T7TOFBEIBEENS, Ok, Ty Pick
D73 RMUVIAREREL, 92y by F U IIRBLAUC RS Ay F U TREDERY < —
LT 5,

(005 2]

Xz, M1 (f) WWRTIFET, N —CRIEETLIF20MEE1 04 %2y F
PLTHR—NMNRE—2106 RLyFNRF—2107L%F10LEEHLO02BLY
H2oEiiAR1 0 3IcjES Y, ThE2EATIHD S Z LIk, FHZKSMNED 5
WIIEAFoFR—NVary2 7 RESRER1 06, BLXUC, V2 Ro L vFar 2o b
WARER1 07 2R T 5, 2B, CoIHE 7y vy, RU—BEZoLBEE
REAELEBZNOH B EZKT L 72RIZATD,

(005 3]

KT, REWZEEDOFIEMEFE O > BB L O — VY v 7 ofEic>onT, X1 (
) ZHESIHL RS HIHT S,

(0054)

M1 (f) R T DI, RNERPZEOFEMREE T, HORREZRFIER 1 &, Bl
SRR 1 ol 52 — VY U ZEIRR 2 22 FHLTwWA, LT, BCHIERMEIRR 1
WCIEF 1 oL@ 1 0 233 6. S — LU U VAR R 2123 2 o4 @BlliR 1 0 3
MWETENTWS, FloLfElitil 0 21%, HE 1 0 SoXRE2E > REWEME 1 O
2at, TOLZEI>SEHMELOZ2bEEZHL TS, B20LBAME1 03 b, Al
ML OQDXMAEZEORMEMAIEL1 03 as., o FZHTSN-LBHEHE1 03 b
LEBHLTWS, FloLBEENM1 0 2BLUE20LEHM 1 030 LERIFY A&
THO, MIEBL 1 ORI N TS,

(0055)

FloMEEl101, F1oLBEMLO02BLUE 204EM1 030 Ficix. F
20HFEIE 1 0AMBTOENT WS, F20/BE1 041FNEEL 1 02D TNBEDT
B 2oMgE1 0413, FloLElRR1 0 2B LUE 20481 0 3D FicfiE
T AHEADPMOLE ALV BJELFREINT WS, F 2081 04 o FHEITFEHALE h
TWw5,

(0056)

B2oMBEL 04 @ FICITF 3 Mgl 0 52336 hTnwa, ZL T, B
AIRR 111, F30HFIEL OS5 F 201 04 2 HBTAHER—NVaryz sk
WAKEE1 0 6" SET 6T 5, [k, ¥ — VU U Z7¥IBR 21218, hL o Far sy
7 NEAREEL O 7' R E N TS, 5T, ¥ —N U U 74K R 21213, BofZmsE
BRR1DF1OLBEEHFRL 0 2B LR — vy 7 FMEAEE1 067 ZEVHT LS
B 2o0LERE 1 O 3 KRN L YF AL E T REKREE1 07 o5 RO Y —
N ITRETEND,

(005 7]
PUTIC, AFEREETE S NDERICDOWT, ke kL 2535 3T 5,
[0058)

ERTIE, 1 ofElidiEB LU0 2 offgliligo LHEITFHREETHY, Flok
JBELRE X O 2 o LBl Fidid., Y22 X 0F 2 ofgEIFREhTn=, %
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DD, R—=NNF—=BIOR LV F R -V RERTDE, LU F T =2
DOifiFIEE HIBL TLEW, H20L/EHE2ZHIETLEI BEIBH 5 72,

(0059)

ZhicsT L., REMZETIE, F20FE1 040> b 1 oLfE@hidtiE1 0 2B LT
B2oLBHR1 03D LN ETL2EHNDOBEELFRTEZ LW TEDL, T,
RLYFNRE =21 07THE 2048081 0 3ICHETLOE[IETLZ eNTED,
FDD, Ty IZRRY—%EET-TH, FloL/Ei1 0 20FRMNLZ 5
R, T2, PB2o0MBE1 040> b 1 OMRIEL 0 1 @ RITVE T 5 ERMTEL
2oz, R OFERE EICHRDZ &N TE D,

(0060]

oI, FloLBEEMR102BLUHFE 2081 03D LI E VA& EL72D
ISR RS S 2 WITBIR T v F U 72175 2 21k, F1oMERE101 &8
2OMFE1 04 L OEEMZIN LEIEDBZ ENTE S,

(0061)]

B, RNEMETIE., (LRI EFIC kY, FloL/Eidi1 0 2B LU 2
D@l 1 0 30 EERIicY AR ER L 7z, LU, RFEHTIE, B2z s &t
FETH WO HoMHEEZAMAL T, VAR ERRL TH Ly, BARERNICIE, X1 (a
Y IWRTIMT, Fl1oLElHM1 0 2BLUF 2048l 1 0 3 2Rl 2&ic. 2
OO0E~500EDBMIEZITH, ZhICkY, s sLEBlME102b, 103
bMMEML T, 1 0L/BHEN1 0 2B XLUH 2 0LJBHMS 1 0 3 @ LIERIC Y & AWK
Eha, ZoRFECk->TYH, FIRLEER L AR ONREEL - 2N TE 5,

(006 2]

(3 2 DFEHEZHE)

PLRC, RAEHOH 2 0 FZMREIC AR5 F B E ol HikiconT, M2 (a) ~
(f) ZBHL2MB6EHIAT S, M2 (a) ~ (f) 1% 2 OFEMEREOFEMRLE O
BV 2R THMENCH 2, 2B, M2 (a) ~ (f) 1%, EREREIER 1 &, i
FIZARAEIRR 1 A GROBLAD SFET 720D — VY U ZHIER 2 L Zor L T3,
=V U ¥ ZHIBR 2 IFECRYERRSEIRR 1 ol 5 2HA TS,

(006 3]

9. M2 (a) IWRTIET, YU arvEMR (RET) R U a U hE» 5 7%
5, JEX500nmDF 1 oMFIEL 1 1%2FKRT S, LT Fl1oigiEl 1 1ok
IS ZANUVITS T4 =Tk, BRSNS — UIEREIRICBEO 2 B35 7+ b U
VAN (RET) 2KRTS2, TOT7HRVIARNEIAZ L CRSA Dy F U T%
THO 2 LIk, AR R 1ICI3BCE 1 1 8 kL. ¥ —Iv U ¥ VAR R
2ICIFEARE 1 1 92Tk 5., Coe &, HRHEL 1 90MEENRHE 1 1 8ok b
I35, BEARINICIE, PO 1 1 8OBEA2 pmk /NI WIFEIC, B 1 1 9 oiF
Z2pumpPlbeT3,

(0064)]

FTDER, 7 MVIRANEBRELZ Bk, ANV FA NI REFZ U HZILE
MERBLEE30nmoOfFEEE (M3Ed) &, JEX1 000 nmofiE (Xpxed) &
BT 5, ok, R LE 2Tl e 2852 2ick ., Bl
APERRGHIER 112, BECAE 1 1 SONKRMEZE > RMEARAL L 1 2 a &, KRAEMRAEL 1
2a%ZNLTHARE L 1 82D LEEAIEL 1 2 b 6745, EAE2 pmPl s
1oLBEA 1 1 22FKRT 5, co&E, — VU 78R 21203, REEEEL 1
SalLERYEL 13beoks, W2 umll Lo 20LfEli1 1 3 2R
5,
(006 5]

Xz, X2 (b) IRTILFET, (CFHRFEMITELZITY., 2O&E, Ty 7D
IR EERIKEEZAHL T B2oL/8iE1 1 3o LEEE2 U A3 5, DIFIciEEM
WCEHT %, @A MEDIA T Nz EAT U TR 2175 &, @kl
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h28E3E, ZoH B> baEo LD 2HEWNEL RIS ONTELS ZH2MERH S,
RNERFLEETIE. F2oLBHNE1 1 3o, F1oL/ElM1 1 20MEL Y bIL LT
BEHhTW5, SN2 5L, BAHEEH-VICED H2LBOHESIIE 2 04 BHER 1 1
3 DI S NI=HIRD T[S, D720, F 2o/l 1 3 3 0 FERAS, Mo iRk &
DYHYTEL U BRAENLZDOTH D,

(006 6]

BB, B2o04EHS]1 1 SOWEEFE 1oL 1 1 250 L TH5HEDHDY
12, F208BAENE 1 1 SORBVICH I —RY -2 ERT A2 212k > CTHAHED -
Y oLBOEEERE EIFTH X,

(006 7]

Kz, H2 (c) ITRTIET, Flogigl 11, F1loEllRl 1 2BLU0H
20L& 1 1 3o kicy Y arvEUR(UE» 62258 2 DB L 1 4 2HEFET 5.
CHOLE, PB2oMBEL 140 LTE. U EAUE U LiE. S
a U LRAUER S E T LW, 72, b6 DEOEERETIZRL Th kv,

(006 8]

CORETIE. F202BHEM1 1 3OV ARENML T, 20851 140
RICBREEEBEAR SN TWS,

(006 9]

Xiz, M2 (d) WORTIRET, /R, Yoy Ry F 7 FERITTy FN
v ETHZLICKY., B2 1 4 0FH(LEITD,

(0070]

Xz, M2 (e) WRTIFET, #EM IS, RESHIVU 2 VEUED S22 55 3 it
BHE1 1 5 2MifET 5, corE, F30MEEL1 15 L Tx FSG (Fluorinated
Silicate Glass) . BP S G (Boron Phospho Silicate Glass) S F /= 13ZAEHIE%
WTH &, T, ZhSDOEOHEBREEZHNTY L,

(007 1)

FDk, ZHARMNUVIITST4IkoT, B30MHBIEL 1 50 Rz, A= % — U
BAEBBLON L UF Y - DIEREBRICBEO 283574 LYK (RRET) 2
BT B, FDH., FHARVIVRREIRAZELTRIA Ly F T E2ITIZLICED. B
MIEREER 1A - xF—2 11 6%k L. =LY R 21N L
NE— 11 TRFERT S, SORSA Ty F U E, LU FARNE—U11THFE2D
MgHE L 14 0oRPOEIICEDIETITI), TDE&E, MLYFARF—21170BHOMH
FIEAR— N N"Z -2 11 6 OBHOMMEEL Y BJAWVDT, ML FRE—-2117TDIFEDMN
HWLEENS, Fotk, 7oy ZIREV 73 LI RANEREL, Yy by F
TREBLIORS ATy F U TRORY—2BRET S,

(007 2]

K, M2 (f) IRTIRT, ¥ —CHICEETLAIHE 20H3H1 14 2E1L T
RN EZ—2 116 LYFNRE—2]1 17 2F10LEHML LI 2BLOFE 20
Sl 1 1 SICHEEE T, Zh2E4THY L 2 LIk, FHIERSMES 5 0k
EAEOR—NVayx 7 NBAAEEL 16", BXO, VYRV yFarz r Mk
117 2FRT S5, 2B, ZoI/RE Fyyrr, RU—-BIEZFolLBrEAS
HEBZhoHLMEZ2KT L2RICIT),

(007 3]

KT, REMZEEDOFIEMEE O > BEMB L O — VY v 7 ofEic>2nT, X2 (
) ZHESIHL 25T 5,

(0074)

X2 (f) T &1, RERMFEOFIEMRIEF T, EREREIER 1 &, Bl
SHRR 1 ofll 52T — VD U ZSIBRR 2 L 2 H L Twb, LT, BReIRR 1
W 1l oLEltgl 1 22886, > — LU U Z7HIBR 2 1ICEF 2 oL /@llit1 1 3
METENTWE, 22T, F2o0BAER1L 1 30T, F1oLBAEM1 1 20mEk
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DHLL BT ENT WD,
(007 5]

BloEEMl 1213 mREl 1 8oXALFEHIXRMEAKEL12ak, ToLE
BOLBHAEL 1 2b2Z2HL TS, B2/ 1 136, BMEL 1 9okH
PEORMEME]L 13ad, 2o BTN -LEMEL 13b 2L TS,
F2oLEl1 1 30 AR EXENTEBY, [UEEL 2 O REhTWw5,

[(0076]

FlofgElll, F1oLBEEML 1 2BL0FE 2041 1 3o ik, F
2OMFENEL 1 ABFTTENT WS, F20MBE1 1 41FNEEL 202D TNWBEDT
B 2ofREl 1413, F2oLEl1 1 30 FIcAiE T AERNIMBOEEN LV b JE
SFERENT VS, F20MEIEL 1 4 o FHEIZFHALENh T3,

(007 7]

W2OMBEEL 140 FICIZFE3oMEEL 1 5T ohTnwa, ZL T, Bl
SRR 1IClE, F30MBE1 152 20M@IE1 14 L HETAR— VY7 hE
HEEL1 1 6 M;}TF ST s, [6kkic, O— VU V4R 21C1E. RLoyFar sy
REAREEL 1 77 R ENTWS, fE-> T, ¥ —VU > ZHIRR 21213, Bl
R1DOHW10LBEBEML 1 2BX0R— by 7 REAEEL 1 67 20 T &k 12,
B2oLBHMR1L 1 3K L YFaryy NERERL 177 265U Y Rkoy—)v
Yo rTBETen5,

(007 8]
PITFIC, RNEMFAETESNAEIRICOWNT, ke kL 23S BilHd 5,
(007 9]

PERTIE, 2 04ElMo FHIZFHREETHY, 2 oL@t Ficid, ¥—
RJEE D 2 DHIFEITER E N Tz, T, K= NRE—UBIOR L F %
—UERRT DL, L YF AT U2 0MEER» EHBL TLEW., F2 04BN
PRI TLEIBENSD 572,

(0080)]

STt U, REBFETIE, TN T 222, H20MgH1 14055
F2oLBEER1 1 3D RSB T LA DBEIETGRTHI LB TEL, T2,
RLYFNRE—21 1 THFE 2081 1 SICHETLORIETAZ LN TES,
FDRD, Ty IZRBRI—%EE2IT-oTH. B 1 0LBEHBORREINLE 5721,
CZT, B2oMBEEL 1405 bH 1 0K 1 1 10 FICETLEMIEL 267
Wiz, EOFEERE BRI N TES,

(0081)]

X5IC. F20LBHENE1 1 3D IR U A X5 72D ER BRI B L H 5 Wid
ToF U TRITOTLICLY, F1oMEHEL 11 H 201 14 & 0FEEME
FERBZeMmTESL,

(0082]

mB. RNREWETIE., 7 v P 7 olBEERIRGEEEZFIAL TY v 2R E2 AR
L7228, NE—VEBEREEZRHL Ty F U 22 LD FERL TD Xy, HEH0E K
FKIHON2 (b)) IT/RTTRICBWT, 20441 1 SEBIERo 27+ ML
VANECHSTZRETDy F U 72T 212X, B20LEHM1 1 30 LERICY
AR EFZR L TH kv, ZoFEICiE. TN T L 20w mEBRn»T, Bkl
TR IO 2B D N TE D,

(00 83)]

F 72, AREMZEETIE, X2 (b) IS T TR TR 2 17 5 Bz, 203w
A LAKEL & OOV AT U — 2 W TH ks, Jhick . SBOEL — kA3
FHTHDOT, F20LEEM1 1 32XV EUBREIRLILMNTES,

(0084)]

(38 3 O RE)
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RFEH D 3 DFERFREIC /R 5 FEMARKE o8l LI DT, M3 (a) ~ (e) %&
B LRBSHHT S, X3 (a) ~ (e) 1. 3F 3 DERFEEDIEFIEF o T
ZoNTRIAENTH S, 2B, M3 (a) ~ (e) ITi%, BUIZARSIRR 1 &, BRI
R 1 Z2A4IROELD SHETE2DDL — VY VYR 2 L 2L TWS, 2B, &
— VU ¥ HIER 2 I3ARERRGHIRR 1 ol 52 A TS,

(0085)

9. X3 (a) IRTIRET., YUayENR (red) Ry a s mguE» s %
5., BE500nmoF 1 ofgiEl 2 1 2KT5, LT, FlofEgEl2 1ok
WS ZA NI VTS T4 =2k, BRGNS — UIEREIICBEO 25T b LY
Z b8 (e 2RT2, FOTHRLIYARNERAZE LT RIA Ty F 2 T ELT
HZEICXY, FloMgEl 2 1o -FE2BREL T, E250nmolilfEiEl 2 8
129%2FKT%5, Zok, 74 ML IANEBREL K, HRK LIS, o2 0F A5
AREEENENPERBHEE3 0 nmOFFEE (HREd) &, JEE1 000 nmofi
B (Red) L E2FKRT 5, 20k, RT3 % B CHiis & FRTgiE & 2 if s
TEHZ LK, BORREAREIER 112, B 1 2 SONRMAZHE > RMAEMAKAELL 2 2 a
O, REWEMEL 22 a2 N L CHNRTE L1 2 82D A24EEMYE L1 22 b e o6 5H
1o&EHRE 1 2 2 2TKRT 5, o E, ¥— VU U Z4IER 21313, REEAEL 2
SatLEHIEL 23 b6 bP 204 BN 1 2 32K T 5,

[0086]

DEIIC, X3 (b)) IWRTIHT, E2E22FOCHRAEZHWTIS XY, 77
LRV RUFPY—)L (BTA) I UBEHG YTy MUY, 721344
CEAERITOICLICESTC, Bl1oLBEEML 2 2BXUF 20LREM 1 2 3 0 RIS
EBREHBT S, chicky, FloLEiRl 22B8L0H 208BHR 1 2 3D EEB
MR CMERE 1 3 OICEH T2, 2oL EMEHC, F 1 oMKl 2 1 LIRTFETERT
L5FE 20K 24 L OFEEUEIR LIELZ N TES,

(008 7]

iz, X3 (¢) IRTIMET, FloMgiEl 2 1 BLOMREECHERE L1 3 0 ki,
U a EALRAUEN SR 2 0MiFIE 1 2 4 BHIFET S, T E, B2 oMiE 1
240MELE LTIE, YU UE. Uy UE,. U o U b BAbER & & v
Th kv, £ ZhboEofEREZTFERL T LU,

(00 88)]

Kz, X3 (d) ICRTIMT, #EM IS, RE\ESHIU a VEUED S22 55 3 Dt
IR 1 2 B RMHET A, corE, F30MEE1 252 LTk FSG (Fluorinated
Silicate Glass) . BP S G (Boron Phospho Silicate Class) ARZE /=13A K% FH
WTH &, £ ZhSDEOHEEEEZHWTY L,

[0089]

FTD®R, 7AMIVITS5 T4 —1CkoT, B3DMHHEEL 250 i, R—NF—
R B LN L F T — UIERERICBEHOZH 3574 LY AN (e T) %
kT 5, TDH., ZARLIAREBAZ LT RSA Ty FUOTE2ITH>TLICLD,
BRI R 1 IR — NN — 1 26 2L, — VU U Z7HIER 2123k L >
FNE—212TE2FRTS, SORIFATYF U TE, MLUFNRT -1 2THHE2
DHFEIE 1 24 08P TEFoTWTH IWNWL., FooiEiEl 24 2 E@L <. itk
PR 1 3 0ICHEL TH &y, ZD&, Ty ik 74+ b PAREREL,
v Ry F U ITREB IO RS Ay F U TRORY v —2 BT 3,

(0090]

Xz, M3 (e) IRTIET, N —CHIEREL TP 2081 2 4 2k
LTAHER—NMNRE—2 1268 Ly FNRE—21 2782 bHAEL 3 0ICHEESRT
. MU UFRERTIHDZ Z 21k, FHERERSMNES 2 WEIEAFEOR—NVa 77
REMAEEL1 26", BEO., VWK bhbrFary s NEKRERL 2 7 2KRT 5,

(0091)]
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KIS, REWZEEDOFIEMAEEEF D > bERB L O — VU v ZofEic>onT, X3 (
e) ZHESIL 25 BT 5,

(009 2]

M3 (e) IRT &I, REMPZEOFEMKE T, HEAEZRFIER 1 &, Bl
SIRR 1 ofll 52T — N U V¥R 2 2L TWwa, LT, BAlIEREIRR 1
WIEE 1 0Bl L 2 28T 6, ¥— VU U ZHIBR 21ICI3FE 2 048l 1 2 3
METENTWS, FloLfElitil 2 213, S 1 2 SOXRE2HE > REEMAE 1 2
2ad, FOLR2EY>LSBHMEL 22b e 2HLTWAE, F2o0LBAMKM1 236, A
ML 200XAEZEORMEMAE L1 23 a L., o RIHTSN-2EAEL1 23 b
LEHLTWS, 2EE1 220, 123bd FERCIFEZENS TN TEY., itk
MERE L 3 O EARE T 5,

(009 3]

BloBEl 21, F1oLERM]1L 2 2BL0E 204EM1 230 Ficid. F
2051 2AFTFONT WS, F20ME1 240 FICITZFE 301 2 548
BIFO5N TS, FL T, BSIERSIRR 11213, B3 0MEBiE1 2 5 &, 2 oM
124 %Z2EHETHER—NVardr MEERL 2 67 BTSN T3, ARk, ¥ —Ib
U 7R 21, L rFarzy MEERTEL 2 77 BRI TW5, fit-7T, &
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/051,415
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), b), or (@) N/A N/A N/A N/A 330
SEARCH FEE
(37 CFR 1.16(K). (), or () N/A N/A N/A N/A 540
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a) N/A N/A N/A N/A 220
TOTAL CLAIMS .
(37 CFR 1.16(3)) 7 minus 20= OR [« 52 - 0.00
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 2 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1090
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Golumn 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total * i =
= (37 CF; Iav16(i)) Mins = OR |x =
=] Independent * Minus | *** =
E (37 orR 1.16(h) = OR |x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE(S)
E AMENDMENT PAID FOR
w Total . Minus | ** = -
= (37 oFg{ ?16@)) OR |x -
% Independent Minus - = _ OR M _
W | Grcrr1sm) = =
<§E Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APIE)HLJIl\igElIzON I 3511(LCI)NDGAOTrE Gﬁ\lﬁT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
13/051,415 03/18/2011 2812 1090 085393-0521 7 2
CONFIRMATION NO. 4503
53080 FILING RECEIPT
MCDERMOTT WILL & EMERY LLP
600 13TH STREET, N T

WASHINGTON, DC 20005-3096
Date Mailed: 04/01/2011

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

Applicant(s)

Shunsuke ISONO, Osaka, JAPAN;
Assignment For Published Patent Application

PANASONIC CORPORATION, Osaka, JAPAN

Power of Attorney:

Kenneth Cage--26151 Edward Kubasiewicz--30020
Jack Lever Jr--28149 Michael Fogarty--36139
Raphael Lupo--28363 Brian Ferguson--36801

Paul Devinsky--28553 Robert Zelnick--36976
Stanislaus Aksman--28562 Willem Gadiano--37136

Domestic Priority data as claimed by applicant
This application is a DIV of 12/153,028 05/13/2008
which is a DIV of 11/716,704 03/12/2007 PAT 7,400,045
which is a DIV of 10/945,920 09/22/2004 PAT 7,215,028

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2003-335185 09/26/2003

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.
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If Required, Foreign Filing License Granted: 03/29/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/051,415

Projected Publication Date: 07/14/2011
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
Preliminary Class
438

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Docket No.: 085393-0521 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080

Shunsuke ISONO Confirmation Number: Not Yet Assigned
Application No.: Divisional of U.S. .

Serial No. 12/153,028 : Group Art Unit: Not Yet Assigned

Filed: March 18, 2011 Examiner: Not Yet Assigned

For:  SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

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 documents listed on the attached form PTO-
1449. It is respectfully requested that the documents be expressly considered during the prosecution
of this application, and that the documents 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.
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Divisional of U.S. Serial No. 12/153,028

The references were cited by or submitted to the U.S. Patent and Trademark Office in parent
application Serial no. 12/153,028, filed May 13, 2008, 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).

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,

MCDERMQ'IVE;W LL & EMERY LLP
i/ o

Michgé{ E. Foloarty

Registration/No. 36,139

i
i

600 13" Street, N.W. Plegxsc rf}éognize our Customer No. 53080
Washington, DC 20005-3096 as égy’orrespondence address.
Phone: 202.756.8000 MEF:In \

Facsimile: 202.756.8087
Date: March 18,2011
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SHEET 1 OF 2

CITATION IN AN
APPLICATION

(PTO-1449)

INFORMATION DISCLOSURE

ATTY. DOCKET NO.
085393-0521

SERIAL NO.
Divisional of U.S.

Serial No. 12/153,028

APPLICANT
Shunsuke ISONO

FILING DATE
March 18, 2011

GROUP
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 g knowns MM-YYYY Document Relevant Passages or Relevant
Figures Appear
us 7,041,586 B2 05-2006 KUDO ET AL. Corresponding to
JP 11-274122 A
us 6,730,590 B2 05-2004 OHASHI ET AL. Corresponding to
JP 11-145288 A
us 6,908,847 06-2005 SAITO et al.
us 6,281,535 08-2001 MA et al.
us 6,417,116 07-2002 KUDO et al.
us 6,479,366 11-2002 MIYAMOTO
us 2002/0079585 06-2002 WONG
us 2005/0054122 03-2005 CELll et al.
us 6,114,243 09/2000 GUPTA et al.
us 6,589,863 07/2003 USAMI, Tatsuya
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
JP 2002-118078 A 04-19-2002 TOSHIBA CORP
JP 11-274122 A 10-08-1999 FUJITSU LTD Corresponding to
US 7,041,586 B2
JP 11-145288 A 05-28-1999 HITACHI LTD Corresponding to
US 6,730,590 B2
JP 2002-373937 A 12-26-2002 FUJITSU LTD
JP 2002-289689 A 10-04-2002 FUJITSU LTD
JP 2002-270608 A 09-20-2002 FUJITSU LTD
JP 2000-174123 A 06-23-2000 NEC CORP
JP 8-83780 A 03-26-1996 TOSHIBA CORP
JP 2003-133314 A 05-09-2003 HITACHI 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 (book, magazine,
INITIALS CITE | Journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. published.
Japanese Office Action issued in corresponding Japanese Patent Application No. 2003-335185, dated
August 22, 2006.

EXAMINER

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.
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SHEET 2 OF 2

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

ATTY. DOCKET NO.
085393-0521

SERIAL NO.
Divisional of U.S.

Serial No. 12/153,028

APPLICANT
Shunsuke ISONO

(Substitute for form 1449/PTO) FILING DATE GROUP
March 18, 2011 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 Code? i known) MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
US | 2002/0125577 A1 09-12-2002 KOMADA
US | 2005/0085066 A1 04-21-2005 TSAO et al.
us 6,313,028 B2 11-06-2001 HUANG et al.
us 6,838,370 B1 01-04-2005 NIUYA et al.
US | 2003/0118798 A1 06-26-2003 FUJI
us 6,828,222 B2 12-07-2004 OYAMATSU
US | 2002/0155702 A1 10/24/2002 Aoki et al. Corresponds w/ JP 2002-
246391
us 2003/0003733 01-2003 Ohashi et al.
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 Document Where Relevant
NO. Codes (if known) Figures Appear Yes No
JP 2002-246391 08-30-2002 NEC CORPORATION Corresponds w/
US 2002/0155702
JP 08-264538 10-11-1996 SUMITOMO METAL
IND. 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 (book, magazine,
INITIALS CiTE | Journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. published.
Japanese Notice of Reasons for Rejection, with English Translation, issued in Japanese Patent
Application No. 2006-281346, mailed on October 5, 2010.

EXAMINER

DATE CONSIDERED
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SEMICONDUCTOR DEVICE AND

METHOD FOR FABRICATING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U.S.C. §119 on Patent Application No.
2003-335185 filed in Japan on September 26, 2003, the entire contents of which are hereby

incorporated by reference.

BACKGROUND OF THE INVENTION
(a) Fields of the Invention

The present invention relates to semiconductor devices and methods for fabricating
the same. In particular, the present invention relates to semiconductor devices having
contact portions of conductor (referred hereinafter to as conductor contact portions) on an

interconnect layer and methods for fabricating such a device.

(b) Description of Related Art

In recent years, miniaturization and high degree of integration of semiconductor
integrated circuits have been rapidly proceeding. In accordance with the proceeding
miniaturization of the circuit, delay time caused by transistor operation can be cut in the
device while interconnect resistance and parasitic capacitance increase therein. This makes
it difficult to cut delay time caused in an interconnect. In a measure to cut the interconnect
delay time, in order to reduce the interconnect resistance, copper having a lower resistivity
than aluminum used as a conventional interconnect material is employed as a substitute for
aluminum. Moreover, in order to reduce the parasitic capacitance, an insulating film
having a low dielectric constant is employed as a material for an interlayer insulating film
and the like.

Copper is difficult to etch. Therefore, formation of an interconnect with copper is
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made by a damascene process: a hole pattern and a trench configuration are formed in an
insulating film, after which the patterns are filled with copper.

In a chip of a semiconductor device, a trench configuration called a seal ring is
formed to protect transistors and interconnects provided in the chip against outside
moisture. The seal ring is formed to surround an area containing the transistors and the
interconnects. The seal ring is formed simultaneously with the etching for forming a hole
pattern (vias).

The hole pattern and the trench configuration serving as the seal ring are formed in
the following manner.

First, to form the hole pattern and the trench configuration, an interlayer insulating
film is halfway removed using photoresist as a mask. The reason why the removal is
stopped halfway is that if an interconnect layer located below the hole pattern and the
trench configuration is exposed therefrom during the removal, the interconnect layer
corrodes during subsequent ashing for removing the photoresist and subsequent polymer
removal. To avoid such a problem, ashing and polymer removal are performed with only
part of the thickness of the interlayer insulating film remaining. Thereafter, using the
resulting interlayer insulating film itself as a mask, the hole pattern and the trench
configuration are made to reach the interconnect layer.

However, the conventional semiconductor device has caused the following
problems.

Generally, during etching, the etching rate rises as the area of an opening increases.
In this device, the opening area of the trench is greater than that of the hole. Thus, when
the trench and the hole are formed at the same time by a single etching, the trench is
formed deeper. Therefore, it might be unable to stop etching of the trench halfway through
the interlayer insulating film, resulting in exposure of metal of the interconnect layer
located therebelow. If the metal is exposed in this process, then the disadvantage arises

that the metal corrodes by subjecting itself to subsequent photoresist removal by ashing
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and to subsequent polymer removal.

Such a disadvantage also arises when the interlayer insulating film is formed with
multiple types of hole patterns. Specifically, the hole patterns have different pattern
densities or the like, so that it is impossible, in forming the different hole patterns, to partly
remove the insulating film to form the hole patterns with a uniform depth. This causes the

disadvantage that the interconnect layer located below the hole patterns is exposed.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method for fabricating a
semiconductor device resistant to metal corrosion in an interconnect layer by taking
measures to prevent exposure of the interconnect layer during formation of a hole pattern
and a trench pattern.

A first semiconductor device of the present invention comprises: a semiconductor
substrate; a first insulating film provided over the semiconductor substrate; an interconnect
layer provided in at least an upper portion of the first insulating film; a second insulating
film provided on the first insulating film and the interconnect layer; a third insulating film
provided on the second insulating film; and at least one conductor contact portion passing
through the third insulating film and the second insulating film to reach the interconnect
layer. In this device, an upper portion of the interconnect layer is provided with a recess
and a portion of the second insulating film located on the interconnect layer has a greater
thickness than a portion thereof located on the first insulating film.

With this device, the portion of the second insulating film located on the
interconnect layer is formed thick. Therefore, in the step of partly removing the third
insulating film and the second insulating film to form the conductor contact portion, part of
the second insulating film can be easily left on the interconnect layer, which makes it
difficult to expose the interconnect layer. The semiconductor surface in this condition can

be subjected to a process that may corrode metal, such as ashing or polymer removal.
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Subsequently, the unremoved parts of the third insulating film and the second insulating
film can be removed to expose the interconnect layer, and a conductor for the conductor
contact portion can fill the removed portion. That is to say, a process that may corrode
metal can be carried out on the semiconductor surface with the interconnect layer not
exposed, whereby corrosion of the interconnect layer can be prevented.

On the other hands, all portions of the second insulating film but the portion located
on the interconnect layer are not formed thick. Therefore, the dielectric constant between
the layers can be kept constant.

The interconnect layer may comprise a first interconnect layer. The conductor
contact portion may comprise a first conductor contact portion. The device may further
comprise: a second interconnect layer provided in at least an upper portion of the first
insulating film; and a second conductor contact portion passing through the third insulating
film and the second insulating film to reach the second interconnect layer. A portion of the
second insulating film located on the first interconnect layer may have a greater thickness
than a portion thereof located on the second interconnect layer. In this case, even if the
third insulating film and the second insulating film are partly removed in order to form the
conductor contact portion, it can become difficult to expose the first interconnect layer
because the region of the second insulating film formed with the first conductor contact
portion is formed thick. As is the case where the area in which the first conductor contact
portion is formed is greater than the area in which the second conductor contact portion is
formed, when the third insulating film and the second insulating film are partly removed to
form the conductor contact portion, the region where the first conductor contact portion is
formed is removed deeper. Even in such a circumstance, it can become difficult to expose
the first interconnect layer.

The first interconnect layer may have a greater width than the second interconnect
layer. In this case, the region where the first interconnect layer is formed has a higher area

ratio of conductor (metal) than the region where the second interconnect layer is formed.

TSMC EX1003 p. 91



10

15

20

25

Therefore, when chemical mechanical polishing or similar treatment is carried out on the
first interconnect layer and the second interconnect layer from above, the recess formed in
the upper portion of the first interconnect layer can be deepened by the metal area ratio
dependence of dishing.

A dummy interconnect layer may be formed beside the first interconnect layer. In
this case, the surrounding of the region where the first interconnect layer is formed has a
higher area ratio of conductor (metal) than the surrounding of the region where the second
interconnect layer is formed. Therefore, when chemical mechanical polishing or similar
treatment is carried out on the first interconnect layer and the second interconnect layer
from above, the recess formed in the upper portion of the first interconnect layer can be
deepened by the metal area ratio dependence of dishing.

The first conductor contact portion may be of rectangular or strip-like plane, and
the second conductor contact portion may be of circular or square plane.

The first interconnect layer and the first conductor contact portion may constitute a
seal ring provided in ring shape. In this case, even though the first conductor contact
portion serving as the seal ring differs greatly in area from the second conductor contact
portion, the structure described above can prevent the first interconnect layer from being
exposed.

An element may be provided in the semiconductor substrate, and the interconnect
layer may be electrically connected to the element. In this case, when the third insulating
film and the second insulating film are partly removed in forming the conductor contact
portion, an error would arise in the depth to be removed. Even though such an error arises,
it can become difficult to expose the interconnect layer.

The second insulating film is preferably an insulating film of silicon compound
containing carbon.

A second semiconductor device of the present invention comprises: a

semiconductor substrate; a first insulating film provided on the semiconductor substrate; an
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interconnect layer provided in at least an upper portion of the first insulating film; an
oxidation-resistant conductor film covering the top of the interconnect layer; a second
insulating film provided on the first insulating film and the oxidation-resistant conductor
film; a third insulating film provided on the second insulating film; and at least one
conductor contact portion passing through the third insulating film and the second
insulating film to reach the oxidation-resistant conductor film.

With this device, even if, in the step of partly removing the third insulating film and
the second insulating film to form the conductor contact portion, treatment that may
corrode metal, such as ashing and polymer removal, is carried out on the semiconductor
surface with the oxidation-resistant conductor film exposed, corrosion of the interconnect
layer can be prevented. On the other hands, all portions of the second insulating film but
the portion located on the interconnect layer are not formed thick. Therefore, the dielectric
constant between the layers can be kept constant.

The oxidation-resistant conductor film may be a nitrogen introduced layer produced
by introducing nitrogen into an upper region of the interconnect layer.

The oxidation-resistant conductor film may be made of titanium nitride.

The interconnect layer comprises a first interconnect layer. The oxidation-resistant
conductor film comprises a first oxidation-resistant conductor film provided on the first
interconnect layer. The conductor contact portion comprises a first conductor contact
portion. The device comprises: a second interconnect layer provided in at least an upper
portion of the first insulating film; a second oxidation-resistant conductor film covering the
top of the second interconnect layer; and a second conductor contact portion passing
through the third insulating film and the second insulating film to reach the second
oxidation-resistant conductor film. The first conductor contact portion has a greater upper
surface area than the second conductor contact portion. In this case, if the third insulating
film and the second insulating film are partly removed in forming these conductor contact

portions, the region where the first conductor contact portion is formed is removed deeper.
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However, since the top of the first interconnect layer is covered with the oxidation resistant
film, corrosion of the first interconnect layer can be prevented even though the oxidation
resistant film is exposed.

The first conductor contact portion may be of rectangular or strip-like plane, and
the second conductor contact portion may be of circular or square plane.

The first interconnect layer and the first conductor contact portion may constitute a
seal ring provided in ring shape. In this case, even though the first conductor contact
portion serving as the seal ring differs greatly in area from the second conductor contact
portion, the structure described above can prevent the first interconnect layer from being
exposed.

An element may be provided in the semiconductor substrate, and the interconnect
layer may be electrically connected to the element. In this case, when the third insulating
film and the second insulating film are partly removed in forming the conductor contact
portion, an error would arise in the depth to be removed. Even though such an error arises,
it can become difficult to expose the interconnect layer.

The second insulating film is preferably an insulating film of silicon compound
containing carbon.

A first method for fabricating a semiconductor device according to the present
invention comprises: the step (a) of forming a first insulating film on a semiconductor
substrate; the step (b) of forming an interconnect layer in at least an upper portion of the
first insulating film; the step (c) of forming a recess in an upper portion of the interconnect
layer; the step (d) of forming, on the first insulating film and the interconnect layer, a
second insulating film filling the recess; the step (e) of planarizing an upper surface of the
second insulating film; the step (f) of forming a third insulating film on the second
insulating film after the step (e); the step (g) of removing, using a photoresist as a mask,
portions of the third insulating film and the second insulating film located above the

interconnect layer so that the removed part does not reach the interconnect layer, thereby
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leaving part of the second insulating film on the interconnect layer; and the step (h) of
removing the photoresist.

With this method, the portion of the second insulating film located on the
interconnect layer can be formed thick. Therefore, in the step (g), the state in which the
interconnect layer is not exposed can be kept more certainly. This prevents corrosion of
the interconnect layer even though treatment that may corrode metal, such as ashing, is
carried out after the step (g). On the other hands, all portions of the second insulating film
but the portion located on the interconnect layer are not formed thick. Therefore, in the
semiconductor device fabricated by the first method, the dielectric constant between the
layers can be kept constant.

In the step (c), the upper portion of the interconnect layer may be recessed by
chemical mechanical polishing, dry etching, or wet etching to form the recess. In this case,
in addition to the above effect, the effect of improving the adhesion between the first
insulating film and the second insulating film can be provided.

In the step (b), a first interconnect layer for a seal ring and a second interconnect
layer located in a region surrounded with the first interconnect layer may be formed as the
interconnect layer. In the step (c), the recess may be formed in at least an upper portion of
the first interconnect layer. In the step (g), portions of the third insulating film and the
second insulating film located above the first interconnect layer may be partly removed to
form a trench for the seal ring, and portions of the third insulating film and the second
insulating film located above the second interconnect layer may be partly removed to form
a hole. Since, in this case, the opening area of the trench is greater than that of the hole,
the trench is formed to have a greater depth than the hole in the step (g). However, the
region of the second insulating film to be formed with the trench is formed thick, whereby
it can become difficult to expose the first interconnect layer.

In the step (b), the first interconnect layer may be formed to have a greater width

than the second interconnect layer. In this case, the region where the first interconnect
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layer is formed has a higher area ratio of conductor (metal) than the region where the
second interconnect layer is formed. Therefore, when, in the step (c), chemical mechanical
polishing or similar treatment is carried out on the first interconnect layer and the second
interconnect layer from above, the recess formed in the upper portion of the first
interconnect layer can be deepened by the metal area ratio dependence of dishing.

In the step (b), a dummy interconnect layer may be formed beside the first
interconnect layer. In this case, the surrounding of the region where the first interconnect
layer is formed has a higher area ratio of conductor (metal) than the surrounding of the
region where the second interconnect layer is formed. Therefore, when, in the step (c),
chemical mechanical polishing or similar treatment is carried out on the first interconnect
layer and the second interconnect layer from above, the recess formed in the upper portion
of the first interconnect layer can be deepened by the metal area ratio dependence of
dishing.

The first method may further comprise, prior to the step (a), the step (i) of forming
an element in the semiconductor substrate. In the step (b), the interconnect layer may be
formed to be electrically connectable to the element. In this case, even though an error in
the depth to be removed arises in the step (g), it can become difficult to expose the
interconnect layer.

A second method for fabricating a semiconductor device according to the present
invention comprises: the step (a) of forming a first insulating film on a semiconductor
substrate; the step (b) of forming an interconnect layer in at least an upper portion of the
first insulating film; the step (c) of forming an oxidation-resistant conductor film covering
the top of the interconnect layer; the step (d) of forming a second insulating film on the
first insulating film and the oxidation-resistant conductor film; the step (e) of forming a
third insulating film on the second insulating film; the step (f) of removing, using a
photoresist as a mask, portions of the third insulating film and the second insulating film

located above the interconnect layer; and the step (g) of removing the photoresist.
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With this method, the oxidation-resistant conductor film can cover the top of the
interconnect layer. Therefore, in the step (f), even if treatment that may corrode metal,
such as ashing, is carried out after exposure of the oxidation-resistant conductor film,
corrosion of the interconnect layer can be prevented. On the other hands, all portions of
the second insulating film but the portion located on the interconnect layer are not formed
thick. Therefore, in the semiconductor device fabricated by the second method, the
dielectric constant between the layers can be kept constant.

In the step (c), plasma treatment, wet treatment, or ion implantation may be
performed to introduce nitrogen into an upper portion of the interconnect layer, thereby
forming the oxidation-resistant conductor film.

In the step (c), a film containing nitrogen may be deposited, as the oxidation-
resistant conductor film, on the interconnect layer.

In the step (b), a first interconnect layer for a seal ring and a second interconnect
layer located in a region surrounded with the first interconnect layer may be formed as the
interconnect layer. In the step (¢), an oxidation-resistant conductor film may be formed on
the first interconnect layer and the second interconnect layer. In the step (f), portions of the
third insulating film and the second insulating film located above the first interconnect
layer may be partly removed to form a trench for the seal ring, and portions of the third
insulating film and the second insulating film located above the second interconnect layer
may be partly removed to form a hole. Since, in this case, the opening area of the trench is
greater than that of the hole, the trench is formed to have a greater depth than the hole in
the step (f). However, the region of the second insulating film to be formed with the trench
is formed thick, whereby it can become difficult to expose the first interconnect layer.

The second method may further comprise, prior to the step (a), the step (h) of
forming an element in the semiconductor substrate, and in the step (b), the interconnect
layer may be formed to be electrically connectable to the element. In this case, even

though an error in the depth to be removed arises in the step (f), it can become difficult to
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expose the interconnect layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1F are sectional views showing a semiconductor device fabrication
method according to a first embodiment.

FIGS. 2A to 2F are sectional views showing a semiconductor device fabrication
method according to a second embodiment.

FIGS. 3A to 3E are sectional views showing a semiconductor device fabrication
method according to a third embodiment.

FIGS. 4A to 4E are sectional views showing a semiconductor device fabrication
method according to a fourth embodiment.

FIGS. SA to 5F are sectional views showing a fabrication method of an

interconnect region of a semiconductor device according to a fifth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a first
embodiment of the present invention will be described with reference to FIGS. 1A to 1F.
FIGS. 1A to 1F are sectional views showing the semiconductor device fabrication method
of the first embodiment. Note that FIGS. 1A to 1F show an interconnect formation region
R1 and a seal ring region R2 for protecting the interconnect formation region R1 against
outside moisture. The seal ring region R2 surrounds the sides of the interconnect
formation region R1.

First, in the step shown in FIG 1A, a first insulating film 101 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 101, a photoresist (not shown) having openings in interconnect trace

formation positions is formed by photolithography. The formed photoresist is used as a

11
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mask to perform dry etching, thereby removing part of the first insulating film 101 to form
interconnect grooves 108 and 109 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum
and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 102 consisting of a conductor
surface film 102a and a metal interconnect film 102b. The conductor surface film 102a
covers the inside surface of the interconnect groove 108, and the metal interconnect film
102b fills the interconnect groove 108 with the conductor surface film 102a interposed
between the first insulating film 101 and the metal interconnect film 102b. During this
formation, in the seal ring region R2, a second metal interconnect 103 is formed which
consists of a conductor surface film 103a and a metal interconnect film 103b.

In the step shown in FIG 1B, by chemical mechanical polishing or selective metal
etching with nitric acid or the like, the upper portions of the first metal interconnect 102
and the second metal interconnect 103 are recessed to form recessed shapes (recesses 110)
having depths of about 20 to 40 nm.

Next, in the step shown in FIG 1C, on the substrate, a second insulating film 104 is
deposited which is made of a silicon carbon nitride film with a thickness of 100 to 150 nm
and which fills the recess 110. In this deposition, as the material for the second insulating
film 104, use may be made of a silicon nitride film, a silicon carbide film, a silicon
oxycarbide film, or the like. Also, a structure made by stacking the listed films may be
formed as the second insulating film 104.

At the time of this deposition, depressions affected by the recess shapes of the first
metal interconnect 102 and the second metal interconnect 103 are created in the upper
surface of the second insulating film 104.

Then, in the step shown in FIG. 1D, chemical mechanical polishing, wet etching

with sulfuric acid, nitric acid, or the like or etch back is performed to planarize the upper
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surface of the second insulating film 104. By this planarization, portions of the second
insulating film 104 located on the first metal interconnect 102 and the second metal
interconnect 103 have thicknesses of about 70 to 90 nm and the remaining portions thereof
have a thickness of 50 nm.

In the step shown in FIG 1E, a third insulating film 105 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 105, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 105.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 105. Then, dry etching is performed using the photoresist as a mask to
form a hole (through hole) 106 in the interconnect formation region R1 and a trench 107 in
the seal ring region R2. This dry etching is performed so that the hole 106 and the trench
107 extend halfway through the second insulating film 104. Since, in this etching, the
opening area of the trench 107 is greater than that of the hole 106, the trench 107 is etched
deeper. Thereafter, the photoresist is removed by ashing, and polymers created during wet
etching and dry etching are removed.

In the step shown in FIG 1F, the remaining portions of the second insulating film
104 within the hole and trench are etched, whereby the hole 106 and the trench 107 reach
the first metal interconnect 102 and the second metal interconnect 103, respectively. The
resulting hole and trench are filled with a conductor to form a hole-contact portion 106’
made of conductor (referred hereinafter to as a conductor hole-contact portion) in circular
or square plane and a trench-contact portion 107’ of conductor (referred hereinafter to as a
conductor trench-contact portion) in ring shape. This step is performed after completion of
processes that may corrode metal, such as ashing and polymer removal.

With reference to FIG 1F again, next description will now be made of the structure
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of the interconnect and the seal ring of the semiconductor device according to the first
embodiment.

As shown in FIG 1F, the semiconductor device of the first embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 102, and the seal ring region R2 is provided with the
second metal interconnect 103. The first metal interconnect 102 includes the conductor
surface film 102a covering the surface of the interconnect groove 108 and the metal
interconnect film 102b covering the conductor surface film 102a. Likewise, the second
metal interconnect 103 includes the conductor surface film 103a covering the surface of
the interconnect groove 109 and the metal interconnect film 103b provided on the
conductor surface film 103a. The upper portions of the first metal interconnect 102 and
the second metal interconnect 103 are recessed to form the recesses 110.

The second insulating film 104 is provided on the first insulating film 101, the first
metal interconnect 102 and the second metal interconnect 103. The second insulating film
104 fills the recess 110, so that in the second insulating film 104, the portions thereof
located on the first metal interconnect 102 and the second metal interconnect 103 are
formed thicker than the other portions thereof. The upper surface of the second insulating
film 104 is planarized.

The third insulating film 105 is provided on the second insulating film 104. The
interconnect formation region R1 is provided with the conductor hole-contact portion 106’
passing through the third insulating film 105 and the second insulating film 104. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 107°. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
103 and the conductor trench-contact portion 107’ is provided to surround the first metal
interconnect 102 and the conductor hole-contact portion 106’ in the interconnect formation

region R1.
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The effects obtained by the first embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surfaces of the first metal interconnect and the
second metal interconnect remain flat, and the second insulating film with a uniform
thickness is formed on the first metal interconnect and the second metal interconnect. By
such a structure, when the hole and the trench are formed, the trench might pass through
the second insulating film to expose the second metal interconnect.

In contrast to this, in the first embodiment, only the portions of the second
insulating film 104 located on the first metal interconnect 102 and the second metal
interconnect 103 can be formed thick. This prevents the trench 107 from reaching the
second metal interconnect 103. Therefore, even if ashing and polymer removal are
performed on the semiconductor surface, the first metal interconnect 102 will not corrode.
On the other hands, the portion of the second insulating film 104 located on the first
insulating film 101 is not formed thick. Therefore, the dielectric constant between the
layers can be kept constant.

Moreover, chemical mechanical polishing or selective etching is performed to
recess the upper surfaces of the first metal interconnect 102 and the second metal
interconnect 103. This improves the adhesion between the first insulating film 101 and the
second insulating film 104.

In the first embodiment, by chemical mechanical polishing or the like, the recessed
shapes are formed in the upper portions of the first metal interconnect 102 and the second
metal interconnect 103. However, in the present invention, the recessed shape may be
formed by utilizing the property of copper in which copper is compressed by heat added
thereto. To be more specific, in the step shown in FIG 1A, the first metal interconnect 102
and the second metal interconnect 103 are formed and then heat treatment is performed at
200 to 500°C. This compresses the metal interconnect films 102b and 103b made of

copper to form recesses in the upper portions of the first metal interconnect 102 and the
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second metal interconnect 103. Also by this procedure, the same effects as those described

above can be obtained.

(Second Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a second
embodiment of the present invention will be described with reference to FIGS. 2A to 2F.
FIGS. 2A to 2F are sectional views showing the semiconductor device fabrication method
of the second embodiment. Note that FIGS. 2A to 2F show an interconnect formation
region R1 and a seal ring region R2 for protecting the interconnect formation region R1
against outside moisture. The seal ring region R2 surrounds the sides of the interconnect
formation region R1.

First, in the step shown in FIG 2A, a first insulating film 111 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 111, a photoresist (not shown) having openings in a metal interconnect trace
formation region is formed by photolithography. The formed photoresist is used as a mask
to perform dry etching, thereby forming an interconnect groove 118 in the interconnect
formation region R1 and an interconnect groove 119 in the seal ring formation region R2.
In this etching, the width of the interconnect groove 119 is made greater than that of the
interconnect groove 118. To be more specific, when the interconnect groove 118 has a
width smaller than 2 um, the interconnect groove 119 has a width of 2 um or greater.

Thereafter, the photoresist is removed, and then a 30 nm-thick stacked film (not
shown) of tantalum nitride and tantalum and a 1000 nm-thick copper film (not shown) are
formed above the substrate. The copper film and the stacked film are polished using
chemical mechanical polishing to form, in the interconnect formation region R1, a first
metal interconnect 112 having a width of 2 um or greater and consisting of a conductor
surface film 112a and a metal interconnect film 112b. The conductor surface film 112a

covers the inside surface of the interconnect groove 118, and the metal interconnect film
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112b fills the interconnect groove 118 with the conductor surface film 112a interposed
between the first insulating film 111 and the metal interconnect film 112b. During this
formation, in the seal ring region R2, a second metal interconnect 113 with a width of 2
um or greater is formed which consists of a conductor surface film 113a and a metal
interconnect film 113b.

In the step shown in FIG 2B, chemical mechanical polishing is performed. In this
step, the upper portion of the second metal interconnect 113 is recessed by utilizing the
metal area ratio dependence of dishing. Details of this step are as follows. If a substrate
with metal embedded therein is subjected to chemical mechanical polishing, the depth to
which the metal is removed tends to be greater as the percentage of metal contained in the
region to be removed rises. In the second embodiment, the second metal interconnect 113
is formed to have a greater width than the first metal interconnect 112. In other words, the
region where the second metal interconnect 113 is formed has a higher ratio of metal per
unit area. This allows the upper portion of the second metal interconnect 113 to be
recessed deeper than the other regions.

As a substitute for the method in which the depth of the second metal interconnect
113 is made greater than that of the first metal interconnect 112, the percentage of metal
content per unit area may be raised by forming a dummy pattern around the second metal
interconnect 113.

Next, in the step shown in FIG 2C, a second insulating film 114 made of a silicon
carbon nitride film is deposited on the first insulating film 111, the first metal interconnect
112 and the second metal interconnect 113. In this deposition, as the material for the
second insulating film 114, use may be made of a silicon nitride film, a silicon oxide film,
a silicon oxycarbide film, or the like. Also, a structure made by stacking the listed films
may be formed as the second insulating film 114.

At the time of this deposition, a depression affected by the recess shape of the

second metal interconnect 113 is created in the upper portion of the second insulating film
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114.

Then, in the step shown in FIG 2D, chemical mechanical polishing, wet etching, or
etch back is performed to planarize the second insulating film 114.

In the step shown in FIG 2E, a third insulating film 115 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 115, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 115.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 115. Then, dry etching is performed using the photoresist as a mask to form
a hole 116 in the interconnect formation region R1 and a trench 117 in the seal ring region
R2. This dry etching is performed so that the trench 117 extends halfway through the
second insulating film 114. Since, in this etching, the opening area of the trench 117 is
greater than that of the hole 116, the trench 117 is etched deeper  Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching
are removed.

In the step shown in FIG 2F, the remaining portions of the second insulating film
114 within the hole and trench are removed, whereby the hole 116 and the trench 117 reach
the first metal interconnect 112 and the second metal interconnect 113, respectively. The
resulting hole and trench are filled with a conductor to form a conductor hole-contact
portion 116’ in circular or square plane and a conductor trench-contact portion 117’ in ring
shape. This step is performed after completion of processes that may corrode metal, such
as ashing and polymer removal.

With reference to FIG 2F again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the second

embodiment.
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As shown in FIG 2F, the semiconductor device of the second embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 112, and the seal ring region R2 is provided with the
second metal interconnect 113. The second metal interconnect 113 is formed to have a
greater width than the first metal interconnect 112.

The first metal interconnect 112 includes the conductor surface film 112a covering
the surface of the interconnect groove 118 and the metal interconnect film 112b covering
the conductor surface film 112a. Likewise, the second metal interconnect 113 includes the
conductor surface film 113a covering the surface of the interconnect groove 119 and the
metal interconnect film 113b provided on the conductor surface film 113a. The upper
portion of the second metal interconnect 113 is recessed to form a recess 120.

The second insulating film 114 is provided on the first insulating film 111, the first
metal interconnect 112 and the second metal interconnect 113. The second insulating film
114 fills the recess 120, so that in the second insulating film 114, the portion thereof
located on the second metal interconnect 113 is formed thicker than the other portions
thereof. The upper surface of the second insulating film 114 is planarized.

The third insulating film 115 is provided on the second insulating film 114. The
interconnect formation region R1 is provided with the conductor hole-contact portion 116’
passing through the third insulating film 115 and the second insulating film 114. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 117°. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
113 and the conductor trench-contact portion 117 is provided to surround the first metal
interconnect 112 and the conductor hole-contact portion 116’ in the interconnect formation
region R1.

The effects obtained by the second embodiment will be described below in

comparison with the conventional device.
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In the conventional device, the upper surface of the second metal interconnect
remains flat, and the second insulating film with a uniform thickness is formed on the
second metal interconnect. By such a structure, when the hole and the trench are formed,
the trench might pass through the second insulating film to expose the second metal
interconnect.

In contrast to this, in the second embodiment, only the portion of the second
insulating film 114 located on the second metal interconnect 113 can be formed thick
without increasing the number of fabrication steps of the device. This prevents the trench
117 from reaching the second metal interconnect 113. Therefore, even if ashing and
polymer removal are performed on the semiconductor surface, the first metal interconnect
will not corrode. On the other hands, the portion of the second insulating film 114 located
on the first insulating film 111 is not formed thick. Therefore, the dielectric constant
between the layers can be kept constant.

Moreover, chemical mechanical polishing or etching is performed to recess the
upper portion of the second metal interconnect 113. This improves the adhesion between
the first insulating film 111 and the second insulating film 114.

In the second embodiment, the recessed shape is formed by utilizing the metal area
ratio dependence of dishing. However, it may be formed by etching utilizing the pattern
density dependence. Alternatively, in the step shown in FIG 2B in the present invention,
the recessed shape may be formed in the upper portion of the second metal interconnect
113 by performing etching with a photoresist or the like covering all the region but the
second metal interconnect 113. In this case, the same effects as those described above can
be obtained except that the number of fabrication steps of the device increases.

In the second embodiment, in performing chemical mechanical polishing in the step
shown in FIG 2B, slurry with high solubility, such as hydrogen peroxide, may be used.
This raises the polishing rate of metal, which allows the second metal interconnect 113 to

be recessed deeper.
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(Third Embodiment)

A method for fabricating a semiconductor device according to a third embodiment
of the present invention will be described with reference to FIGS. 3A to 3E. FIGS. 3A to
3E are sectional views showing the semiconductor device fabrication steps of the third
embodiment. Note that FIGS. 3A to 3E show an interconnect formation region R1 and a
seal ring region R2 for protecting the interconnect formation region R1 against outside
moisture. The seal ring region R2 surrounds the sides of the interconnect formation region
R1.

First, in the step shown in FIG 3A, a first insulating film 121 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 121, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 121 to form
interconnect grooves 128 and 129 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum
and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 122 consisting of a conductor
surface film 122a and a metal interconnect film 122b. The conductor surface film 122a
covers the inside surface of the interconnect groove 128, and the metal interconnect film
122b fills the interconnect groove 128 with the conductor surface film 122a interposed
between the first insulating film 121 and the metal interconnect film 122b. During this
formation, in the seal ring region R2, a second metal interconnect 123 is formed which
consists of a conductor surface film 123a and a metal interconnect film 123b.

In the step shown in FIG 3B, plasma treatment using a gas containing nitrogen, wet

treatment using ammonia, benzotriazole (BTA), or quinaldic acid, or ion implantation is
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performed to supply nitrogen to the upper portions of the first metal interconnect 122 and
the second metal interconnect 123. This alters the upper portions of the first metal
interconnect 122 and the second metal interconnect 123 into an oxidation resistant film 130.
Simultaneously, this step can improve the adhesion between the first insulating film 121
and a second insulating film 124 that will be formed in a subsequent step.

Next, in the step shown in FIG 3C, the second insulating film 124 made of a
silicon carbon nitride film is deposited on the first insulating film 121 and the oxidation
resistant film 130. In this deposition, as the material for the second insulating film 124,
use may be made of a silicon nitride film, a silicon carbide film, a silicon oxycarbide film,
or the like. Also, a structure made by stacking the listed films may be formed as the
second insulating film 124.

In the step shown in FIG 3D, a third insulating film 125 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 125, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 125.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 125. Then, dry etching is performed using the photoresist as a mask to
form a hole 126 in the interconnect formation region R1 and a trench 127 in the seal ring
region R2. This dry etching may be performed either so that the trench 127 extends only
halfway through the second insulating film 124 or so that the trench 127 passes through the
second insulating film 124 to reach the oxidation resistant film 130. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching
are removed.

In the step shown in FIG 3E, the remaining portions of the second insulating film

124 within the hole and trench are removed, whereby the hole 126 and the trench 127
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reach the oxidation resistant film 130. The resulting hole and trench are filled with a
conductor to form a conductor hole-contact portion 126’ in circular or square plane and a
conductor trench-contact portion 127’ in ring shape.

With reference to FIG 3E again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the third
embodiment.

As shown in FIG 3E, the semiconductor device of the third embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 122, and the seal ring region R2 is provided with the
second metal interconnect 123. The first metal interconnect 122 includes the conductor
surface film 122a covering the surface of the interconnect groove 128 and the metal
interconnect film 122b covering the conductor surface film 122a. Likewise, the second
metal interconnect 123 includes the conductor surface film 123a covering the surface of
the interconnect groove 129 and the metal interconnect film 123b provided on the
conductor surface film 123a. The upper portions of the metal interconnect films 122b and
123b contain nitrogen and thus are formed into the oxidation resistant film 130.

The second insulating film 124 is provided on the first insulating film 121, the first
metal interconnect 122 and the second metal interconnect 123. The third insulating film
125 is provided on the second insulating film 124. The interconnect formation region R1
is provided with the conductor hole-contact portion 126’ passing through the third
insulating film 125 and the second insulating film 124. Likewise, the seal ring region R2
is formed with the conductor trench-contact portion 127°. Thus, in the seal ring region R2,
the seal ring in ring shape formed of the second metal interconnect 123 and the conductor
trench-contact portion 127’ is provided to surround the first metal interconnect 122 and the
conductor hole-contact portion 126’ in the interconnect formation region R1.

The effects obtained by the third embodiment will be described below in
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comparison with the conventional device.

In the conventional device, if a trench reaches the second metal interconnect during
formation of the hole pattern and the trench pattern, then the second metal interconnect
corrodes in subsequent ashing and polymer removal.

In contrast to this, in the third embodiment, the upper portion of the second metal
interconnect 123 is altered into the oxidation resistant film 130. Therefore, even if ashing
and polymer removal are performed in the state in which the trench 127 reaches the second
metal interconnect 123, the upper portion of the second metal interconnect 123 will not
corrode. On the other hands, the portion of the second insulating film 124 located on the
first insulating film 121 is not formed thick. Therefore, the dielectric constant between the
layers can be kept constant.

Moreover, the upper portions of the first metal interconnect 122 and the second
metal interconnect 123 are made to contain nitrogen, which also provides the advantage
that the etching resistance in the formation of the hole 126 and the trench 127 is improved.

In the step shown in FIG 3D, in the case where the hole 126 and the trench 127
reach the oxidation resistant film 130, the later step of removing portions of the second
insulating film 124 remaining between the oxidation resistant film 130 and each of the hole

126 and the trench 127 can be advantageously omitted.

(Fourth Embodiment)

A method for fabricating a semiconductor device according to a fourth embodiment
of the present invention will be described with reference to FIGS. 4A to 4E. FIGS. 4A to
4E are sectional views showing the semiconductor device fabrication steps of the fourth
embodiment. Note that FIGS. 4A to 4E show an interconnect formation region R1 and a
seal ring region R2 for protecting the interconnect formation region R1 against outside
moisture. The seal ring region R2 surrounds the sides of the interconnect formation region

R1.
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First, in the step shown in FIG 4A, a first insulating film 131 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 131, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 131 to form
interconnect grooves 138 and 139 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum
and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 132 consisting of a conductor
surface film 132a and a metal interconnect film 132b. The conductor surface film 132a
covers the inside surface of the interconnect groove 138, and the metal interconnect film
132b fills the interconnect groove 138 with the conductor surface film 132a interposed
between the first insulating film 131 and the metal interconnect film 132b. During this
formation, in the seal ring region R2, a second metal interconnect 133 is formed which
consists of a conductor surface film 133a and a metal interconnect film 133b.

In the step shown in FIG 4B, an oxidation-resistant metal film 140 is selectively
deposited on the first metal interconnect 132 and the second metal interconnect 133. An
exemplary material for the metal film 140 is titanium nitride (TiN).

Next, in the step shown in FIG 4C, a second insulating film 134 made of a silicon
carbon nitride film is deposited on the first insulating film 131 and the metal film 140. In
this deposition, as the material for the second insulating film 134, use may be made of a
silicon nitride film, a silicon carbide film, a silicon oxycarbide film, or the like. Also, a
structure made by stacking the listed films may be formed as the second insulating film
134. Subsequently to the deposition, chemical mechanical polishing, wet etching, or etch
back is performed to planarize the second insulating film 134.

In the step shown in FIG 4D, a third insulating film 135 made of a carbon-
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containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 135, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 135.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 135. Then, dry etching is performed using the photoresist as a mask to
form a hole 136 in the interconnect formation region R1 and a trench 137 in the seal ring
region R2. This dry etching may be performed either so that the trench 137 extends only
halfway through the second insulating film 134 or so that the trench 137 passes through the
second insulating film 134 to reach the metal film 140. Thereafter, the photoresist is
removed by ashing, and polymers created during wet etching and dry etching are removed.

In the step shown in FIG 4E, the remaining portions of the second insulating film
134 within the hole and trench are removed, whereby the hole 136 and the trench 137
reach the first metal interconnect 132 and the second metal interconnect 133, respectively.
The resulting hole and trench are filled with a conductor to form a conductor hole-contact
portion 136’ in circular or square plane and a conductor trench-contact portion 137’ in ring
shape.

With reference to FIG 4E again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the fourth
embodiment.

As shown in FIG 4E, the semiconductor device of the fourth embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 132, and the seal ring region R2 is provided with the
second metal interconnect 133. The first metal interconnect 132 includes the conductor

surface film 132a covering the surface of the interconnect groove 138 and the metal

26

TSMC EX1003 p. 113



10

15

20

25

interconnect film 132b covering the conductor surface film 132a. Likewise, the second
metal interconnect 133 includes the conductor surface film 133a covering the surface of
the interconnect groove 139 and the metal interconnect film 133b provided on the
conductor surface film 133a.

The oxidation-resistant metal film 140 made of, for example, titanium nitride is
provided on the first metal interconnect 132 and the second metal interconnect 133. The
second insulating film 134 is provided on the first insulating film 131 and the metal film
140. The third insulating film 135 is provided on the second insulating film 134. The
interconnect formation region R1 is provided with the conductor hole-contact portion 136’
passing through the third insulating film 135 and the second insulating film 134. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 137°. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
133 and the conductor trench-contact portion 137’ is provided to surround the first metal
interconnect 132 and the conductor hole-contact portion 136’ in the interconnect formation
region R1.

In the fourth embodiment, the metal film 140 resistant to oxidation covers the top
of the second metal interconnect 133. Therefore, even if ashing and polymer removal are
performed in the state in which the trench 137 reaches the metal film 140, the upper
portion of the second metal interconnect 133 will not corrode. On the other hands, the
portion of the second insulating film 134 located on the first insulating film 131 is not
formed thick. Therefore, the dielectric constant between the layers can be kept constant.

Moreover, the upper portions of the first metal interconnect 132 and the second
metal interconnect 133 are formed with the metal film 140 resistant to oxidation, which
also provides the advantage that the etching resistance in the formation of the hole 136 and

the trench 137 is improved.

(Fifth Embodiment)
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Hereinafter, a method for fabricating a semiconductor device according to a fifth
embodiment of the present invention will be described with reference to FIGS. 5A to 5F.
FIGS. 5A to SF are sectional views showing a method for fabricating an interconnect
region of a semiconductor device according to the fifth embodiment. The foregoing first to
fourth embodiments have shown the case where a difference in depth arises between the
hole in the interconnect region and the trench in the seal ring region. On the other hands,
the fifth embodiment shows the case where in forming a number of hole patterns in the
interconnect region, a difference in depth arises among the hole patterns.

First, in the step shown in FIG SA, a first insulating film 141 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 141, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 141 to form
an interconnect groove 148 with a depth of 250 nm. Thereafter, the photoresist is removed,
and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum and a
1000 nm-thick copper film (not shown) are formed above the substrate. The copper film
and the stacked film are polished using chemical mechanical polishing to form a metal
interconnect 142 consisting of a conductor surface film 142a and a metal interconnect film
142b. The conductor surface film 142a covers the inside surface of the interconnect
groove 148, and the metal interconnect film 142b fills the interconnect groove 148 with the
conductor surface film 142a interposed between the insulating film 141 and the metal
interconnect film 142b.

In the step shown in FIG 5B, by chemical mechanical polishing or selective metal
etching with nitric acid or the like, the upper portion of the metal interconnect 142 is
recessed to form a recessed shape (recess 150) having a depth of about 20 to 40 nm.

Next, in the step shown in FIG 5C, on the substrate, a second insulating film 144 is

deposited which is made of a silicon carbon nitride film with a thickness of 100 to 150 nm
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and which fills the recess 150. In this deposition, as the material for the second insulating
film 144, use may be made of a silicon nitride film, a silicon carbide film, a silicon
oxycarbide film, or the like. Also, a structure made by stacking the listed films may be
formed as the second insulating film 144.

At the time of this deposition, a depression affected by the recess shape of the metal
interconnect 142 is created in the top of the second insulating film 144.

Then, in the step shown in FIG 5D, chemical mechanical polishing, wet etching or
etch back is performed to planarize the upper surface of the second insulating film 144. By
this planarization, a portion of the second insulating film 144 located on the metal
interconnect 142 has a thickness of about 70 to 90 nm and the remaining portions thereof
have a thickness of 50 nm.

In the step shown in FIG SE, a third insulating film 145 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 145, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 145.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region is formed on the third insulating film 145. Then, dry
etching is performed using the photoresist as a mask to form holes 146. This dry etching is
performed so that the holes 146 extend halfway through the second insulating film 144. At
the time of completion of this etching, respective holes 146 of multiple hole patterns have
different depths due to influences of the pattern density or the like. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching
are removed.

In the step shown in FIG 5F, the remaining portions of the second insulating film
144 within the holes are removed, whereby the holes 146 reach the metal interconnect 142.

The resulting holes are filled with a conductor to form conductor hole-contact portions
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146’ in circular or square plane. This step is performed after completion of processes that
may corrode metal, such as ashing and polymer removal.

With reference to FIG SF again, next description will now be made of the structure
of the interconnect and the conductor hole-contact portion of the semiconductor device
according to the fifth embodiment.

As shown in FIG SF, in the semiconductor device of the fifth embodiment, the
metal interconnect 142 which includes the conductor surface film 142a and the metal
interconnect film 142b covering the top of the conductor surface film 142a is provided in
the first insulating film 141. The upper portion of the metal interconnect 142 is recessed to
form the recess 150.

The second insulating film 144 is provided on the first insulating film 141 and the
metal interconnect 142. The second insulating film 144 fills the recess 150, so that in the
second insulating film 144, the portion thereof located on the metal interconnect 142 is
formed thicker than the other portions thereof. The upper surface of the second insulating
film 144 is planarized.

The third insulating film 145 is provided on the second insulating film 144. Further,
the conductor hole-contact portion 146’ is provided which passes through the third
insulating film 145 and the second insulating film 144.

The effects obtained by the fifth embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surface of the metal interconnect remains flat,
and the second insulating film and the third insulating film are formed on the metal
interconnect. If multiple types of hole patterns are formed in such a structure, the formed
hole patterns have different hole depths due to nonuniform pattern densities or fabrication
process variations. This might cause some of the hole patterns to pass through the second
insulating film to reach the metal interconnect. Such a possibility increases particularly in

the case where a number of hole patterns are formed in the device.
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In contrast to this, in the fifth embodiment, only the portion of the second
insulating film 144 located on the metal interconnect 142 can be formed thick. This
prevents the holes 146 from reaching the metal interconnect 142. Therefore, even if ashing
and polymer removal are performed on the semiconductor surface, the metal interconnect
142 will not corrode. On the other hands, the portion of the second insulating film 144
located on the first insulating film 141 is not formed thick. Therefore, the dielectric
constant between the layers can be kept constant.

Moreover, chemical mechanical polishing or selective etching is performed to
recess the upper surface of the metal interconnect 142. This improves the adhesion
between the first insulating film 141 and the second insulating film 144,

The fifth embodiment is composed by applying the method of the first embodiment
to the case where multiple types of hole patterns are formed in an interconnect region.
However, in the present invention, methods of the third and fourth embodiments can also
be applied to that case.

In the first to fourth embodiments, description has been made of the case where the
conductor trench-contact portion is formed in ring shape to use the portion as the seal ring,
Alternatively, the portion may be formed in rectangular shape or strip shape to use the

portion as part of an electrode.
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CLAIMS

WHAT IS CLAIMED IS:
1. A semiconductor device comprising;
5 a semiconductor substrate;
a first insulating film provided over the semiconductor substrate;
an interconnect layer provided in at least an upper portion of the first insulating
film;
a second insulating film provided on the first insulating film and the interconnect

10 layer;

a third insulating film provided on the second insulating film; and

at least one conductor contact portion passing through the third insulating film and
the second insulating film to reach the interconnect layer,

wherein an upper portion of the interconnect layer is provided with a recess and a

15 portion of the second insulating film located on the interconnect layer has a greater

thickness than a portion thereof located on the first insulating film.
2. The device of claim 1,
wherein the interconnect layer comprises a first interconnect layer,
the conductor contact portion comprises a first conductor contact portion,

20 the device further comprises: a second interconnect layer provided in at least an
upper portion of the first insulating film; and a second conductor contact portion passing
through the third insulating film and the second insulating film to reach the second
interconnect layer, and

a portion of the second insulating film located on the first interconnect layer has a

25  greater thickness than a portion thereof located on the second interconnect layer.

3. The device of claim 2,

wherein the first interconnect layer has a greater width than the second interconnect
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layer.
4. The device of claim 2,
wherein a dummy interconnect layer is formed beside the first interconnect layer.
5. The device of claim 2,
5 wherein the first conductor contact portion is of rectangular or strip-like plane, and
the second conductor contact portion is of circular or square plane.
6. The device of claim 2,
wherein the first interconnect layer and the first conductor contact portion
constitute a seal ring provided in ring shape.
10 7. The device of claim 1,
wherein an element is provided in the semiconductor substrate, and
the interconnect layer is electrically connected to the element.
8. The device of claim 1,
wherein the second insulating film is an insulating film of silicon compound
15  containing carbon.
9. A semiconductor device comprising:
a semiconductor substrate;
a first insulating film provided over the semiconductor substrate;
an interconnect layer provided in at least an upper portion of the first insulating
20  film;
an oxidation-resistant conductor film covering the top of the interconnect layer;
a second insulating film provided on the first insulating film and the oxidation-
resistant conductor film;
a third insulating film provided on the second insulating film; and
25 at least one conductor contact portion passing through the third insulating film and
the second insulating film to reach the oxidation-resistant conductor film.

10. The device of claim 9,

TSMC EX1003 p. 120



10

15

20

25

wherein the oxidation-resistant conductor film is a nitrogen introduced layer
produced by introducing nitrogen into an upper region of the interconnect layer.
11. The device of claim 9,
wherein the oxidation-resistant conductor film is made of titanium nitride.
12. The device of claim 9,
wherein the interconnect layer comprises a first interconnect layer,
the oxidation-resistant conductor film comprises a first oxidation-resistant
conductor film provided on the first interconnect layer,
the conductor contact portion comprises a first conductor contact portion,
the device comprises: a second interconnect layer provided in at least an upper
portion of the first insulating film; a second oxidation-resistant conductor film covering the
top of the second interconnect layer; and a second conductor contact portion passing
through the third insulating film and the second insulating film to reach the second
oxidation-resistant conductor film, and
the first conductor contact portion has a greater upper surface area than the second
conductor contact portion.
13. The device of claim 12,
wherein the first conductor contact portion is of rectangular or strip-like plane, and
the second conductor contact portion is of circular or square plane.
14. The device of claim 12,
wherein the first interconnect layer and the first conductor contact portion
constitute a seal ring provided in ring shape.
15. The device of claim 9,
wherein an element is provided in the semiconductor substrate, and
the interconnect layer is electrically connected to the element.
16. The device of claim 9,

wherein the second insulating film is an insulating film of silicon compound
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containing carbon.

17. A method for fabricating a semiconductor device, comprising:

the step (a) of forming a first insulating film over a semiconductor substrate;

the step (b) of forming an interconnect layer in at least an upper portion of the first
insulating film;

the step (c) of forming a recess in an upper portion of the interconnect layer;

the step (d) of forming, on the first insulating film and the interconnect layer, a
second insulating film filling the recess;

the step (e) of planarizing an upper surface of the second insulating film;

the step (f) of forming a third insulating film on the second insulating film after the
step (e);

the step (g) of removing, using a photoresist as a mask, portions of the third
insulating film and the second insulating film located over the interconnect layer so that the
removed part does not reach the interconnect layer, thereby leaving part of the second
insulating film on the interconnect layer; and

the step (h) of removing the photoresist.

18. The method of claim 17,

wherein in the step (c), the upper portion of the interconnect layer is recessed by
chemical mechanical polishing, dry etching, or wet etching to form the recess.

19. The method of claim 17,

wherein in the step (b), a first interconnect layer and a second interconnect layer are
formed as the interconnect layer,

in the step (c), the recess is formed in at least an upper portion of the first
interconnect layer, and

in the step (g), portions of the third insulating film and the second insulating film
located above the first interconnect layer are partly removed to form a trench, and portions

of the third insulating film and the second insulating film located above the second
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interconnect layer are partly removed to form a hole.

20. The method of claim 19,

wherein in the step (b), the first interconnect layer is formed to have a greater width
than the second interconnect layer.

21. The method of claim 19,

wherein in the step (b), a dummy interconnect layer is formed beside the first
interconnect layer.

22. The method of claim 17, further comprising, prior to the step (a), the step (i) of
forming an element in the semiconductor substrate,

wherein in the step (b), the interconnect layer is formed to be electrically
connectable to the element.

23. A method for fabricating a semiconductor device, comprising:

the step (a) of forming a first insulating film over a semiconductor substrate;

the step (b) of forming an interconnect layer in at least an upper portion of the first
insulating film;

the step (c) of forming an oxidation-resistant conductor film covering the top of the
interconnect layer;

the step (d) of forming a second insulating film on the first insulating film and the
oxidation-resistant conductor film;

the step (e) of forming a third insulating film on the second insulating film;

the step (f) of removing, using a photoresist as a mask, portions of the third
insulating film and the second insulating film located over the interconnect layer; and

the step (g) of removing the photoresist.

24. The method of claim 23,

wherein in the step (c), plasma treatment, wet treatment, or ion implantation is
performed to introduce nitrogen into an upper portion of the interconnect layer, thereby

forming the oxidation-resistant conductor film.
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25. The method of claim 23,

wherein in the step (c), a film containing nitrogen is deposited, as the oxidation-
resistant conductor film, on the interconnect layer.

26. The method of claim 23,

wherein in the step (b), a first interconnect layer and a second interconnect layer are
formed as the interconnect layer,

in the step (c), an oxidation-resistant conductor film is formed on the first
interconnect layer and the second interconnect layer, and

in the step (f), portions of the third insulating film and the second insulating film
located over the first interconnect layer are removed to form a trench, and portions of the
third insulating film and the second insulating film located over the second interconnect
layer are removed to form a hole.

27. The method of claim 23, further comprising, prior to the step (a), the step (h) of
forming an element in the semiconductor substrate,

wherein in the step (b), the interconnect layer is formed to be electrically

connectable to the element.
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ABSTRACT OF THE DISCLOSURE

In a method for fabricating a semiconductor device, first, a first metal interconnect
is formed in an interconnect formation region, and a second metal interconnect is formed
in a seal ring region. Subsequently, by chemical mechanical polishing or etching, the
upper portions of the first metal interconnect and the second metal interconnect are
recessed to form recesses. A second insulating film filling the recesses is then formed
above a substrate, and the upper portion of the second insulating film is planarized. Next,
a hole and a trench are formed to extend halfway through the second insulating film, and
ashing and polymer removal are performed. Subsequently to this, the hole and the trench

are allowed to reach the first metal interconnect and the second metal interconnect.
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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 FOR FABRICATING THE SAME
, the specification of which

(check one) X is attached hereto.

was filed on as
Application Serial No.

I 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

2003-335185 JAPAN 26/09/2003 X Yes ___ No

(Number) (Country) (Day/Month/Year Filed)
___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:

Jack Q. Lever, Jr.

McDERMOTT, WILL & EMERY LLP
600 Thirteenth Street, N.W. .
Washington, D.C. 20005-3096
(202) 756-8000

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 Shunsuke ISONO
Inventor's signature )S\ /LWLS l»(ke I)S\ 0 N 0 Date September 14, 2004
Residence* Osaka, Japan Citizenship Japan

Post Office Address 1-11-1-602, Noe, Joto-ku, Osaka-shi, Osaka 536-0006, Japan

* City and State, or City and Country for foreign inventors
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Docket No.: 085393-0521 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080

Shunsuke ISONO Confirmation Number: Not Yet Assigned
Application No.: Divisional of '

U.S. Serial No. 12/153,028 : Group Art Unit: Not Yet Assigned
Filed: March 18, 2011 Examiner: Not Yet Assigned

For:  SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

PRELIMINARY AMENDMENT

Mail Stop Amendment
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 Specification begin on Page 2;

Amendments to the Claims begin on Page 3;

Amendments to the Drawings begin on Page 7;

Remarks begin on Page §; and

An Appendix including the Substitute Specifications (Marked-up and Clean copies) and

2 sheets of New Drawings for Figures 6A-6E and 7A-7F is attached following page 8 of this

paper.
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IN THE SPECIFICATION:

On page 1 of the specification, please amend the first paragraph, spanning lines 5-7 as

Jollows:

This application is a Divisional of U.S. Application No. 12/153,028, filed on May 13,

2008. which is a Divisional of U.S. Application No. 11/716.704, filed March 12, 2007, now U.S.

Patent No. 7.400.045, which is a Divisional of U.S. Application No. 10/945.920, filed September

22, 2004, now U.S. Patent No. 7.215.028. and claims priority under 35 U.S.C. §119 on Patent

Application No. 2003-335185 filed in Japan on September 26, 2003, the entire contents of each

of which are hereby incorporated by reference.

Please insert the following new paragraphs on page 11 of the specification, at the
bottom of the BRIEF DESCRIPTION OF THE FIGURES section, and immediately above

the title “DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS”:

--FIGS. 6A to 6K are planar views of the first metal interconnect, the hole-contact

portion, the second metal interconnect, and the trench-contact portion of embodiments 1-4.--

--FIGS. 7A to 7F are views showing a method of forming a semiconductor device
including dummy interconnects 213 (213a and 213b), and 313 (313a and 313b), which are

formed adjacent the first interconnect layer 113 (113a and 113b).—
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Please amend the following paragraph starting on page 5, line 5 of the specification as

Sollows:

[[A]].As shown in Figs. 7A — 7F, a dummy interconnect layer may be formed beside the

first interconnect layer. In this case, the surrounding of the region where the first interconnect
layer is formed has a higher area ratio of conductor (metal) than the surrounding of the region
where the second interconnect layer is formed. Therefore, when chemical mechanical polishing
or similar treatment is carried out on the first interconnect layer and the second interconnect
layer from above, the recess formed in the upper portion of the first interconnect layer can be

deepened by the metal area ratio dependence of dishing.
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IN THE CLAIMS:

A listing of the claims presented in this patent application appears below. This listing

replaces all prior versions and listing of claims in this patent application.

1-22. (Cancelled)

23. (currently amended) A method for fabricating a semiconductor device, comprising:

the step (a) of forming a first insulating film over a semiconductor substrate;

the step (b) of forming an interconnect layer in at least an upper portion of the first
insulating film;

the step (c¢) of forming an oxidation-resistant conductor film covering the top of the
interconnect layer;

the step (d) of forming a second insulating film on the first insulating film and the
oxidation-resistant conductor film;

the step (e) of forming a third insulating film on the second insulating film;

the step (f) of removing, using a photoresist as a mask, portions of the third insulating

film and the second insulating film located over the interconnect layer until the oxidation-

resistant conductor film is exposed in one step; and

the step (g) of removing the photoresist.

24. (original) The method of claim 23,
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wherein in the step (c¢), plasma treatment, wet treatment, or ion implantation is performed
to introduce nitrogen into an upper portion of the interconnect layer, thereby forming the

oxidation-resistant conductor film.

25. (original) The method of claim 23,
wherein in the step (¢), a film containing nitrogen is deposited, as the oxidation-resistant

conductor film, on the interconnect layer.

26. (original) The method of claim 23,

wherein in the step (b), a first interconnect layer and a second interconnect layer are
formed as the interconnect layer,

in the step (c), an oxidation-resistant conductor film is formed on the first interconnect
layer and the second interconnect layer, and

in the step (f), portions of the third insulating film and the second insulating film located
over the first interconnect layer are removed to form a trench, and portions of the third insulating
film and the second insulating film located over the second interconnect layer are removed to

form a hole.

27. (original) The method of claim 23, further comprising, prior to the step (a), the step
(h) of forming an element in the semiconductor substrate,
wherein in the step (b), the interconnect layer is formed to be electrically connectable to

the element.
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28. (new) A method for fabricating a semiconductor device, comprising:

the step (a) of forming a first insulating film over a semiconductor substrate;

the step (b) of forming a first interconnect layer and a second interconnect layer in at least
an upper portion of the first insulating film;

the step (c) of forming an oxidation-resistant conductor film covering tops of the first
interconnect layer and the second interconnect layer;

the step (d) of forming a second insulating film on the first insulating film and the
oxidation-resistant conductor film;

the step (e) of forming a third insulating film on the second insulating film;

the step (1) of forming a trench pattern by removing portions of the third insulating film
and the second insulating film located over the first interconnect layer, and forming a part of a
hole pattern by removing portions of the third insulating film and the second insulating film
located over the second interconnect layer; and

the step (g) of removing portions of the second insulating film located over the second

interconnect layer until the hole pattern reaches the oxidation-resistant conductor film.

29. (new) The method of claim 28, wherein
in the step (f), when the trench pattern is formed, portions of the third insulating film and
the second insulating film located over the first interconnect layer are removed until the

oxidation-resistant conductor film is exposed in one step.
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IN THE DRAWINGS:

The attached drawing sheets labeled “New Sheet” contain new Figures 6A to 6E and
Figures 7A to 7F.

New Figures 6A to 6E are planar views of the first metal interconnect 102, the hole-
contact portion 106°, the second metal interconnect 103, and the trench-contact portion 107’
from Figure 1F. These new figures are not new matter, and are supported, at a minimum, by the
specification at page 18, lines 18-24.

New Figures 7A to 7F are views showing a method of forming a semiconductor device

including dummy interconnects, which are formed adjacent the first interconnect layer.

Attachment: 2 New Sheets of Drawings
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REMARKS
The drawings and specification have been amended to incorporate the continuity data and
any amendments made during the prosecution of the parent application no. 12/153,028. The

Substitute Specifications (marked-up and clean copies) attached include no new matter.

Additionally, the amendment cancels claims 1-22, without prejudice. Claims 23-27 and

new claims 28-29 are pending.

No new matter has been introduced. Entry of this amendment is respectfully requested.

Respectfully submitted,

McDERMOTT fVILL & EMERY LLP
i /

Michgel E. Fogarty

R"éggi’stratigﬁ No. 36,139

600 13" Street, N.W. Pleaiﬁsg,/ii/ecognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:In

Facsimile: 202.756.8087

Date: March 18, 2011
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SEMICONDUCTOR DEVICE AND

METHOD FOR FABRICATING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a Divisional of U.S. Application No. 12/153,028, filed on May

13, 2008, which is a Divisional of U.S. Application No. 11/716.704, filed March 12, 2007,

now U.S. Patent No. 7.400.045. which is a Divisional of U.S. Application No. 10/945.,920.

filed September 22, 2004, now U.S. Patent No. 7,215,028, and claims priority under 35

U.S.C. §119 on Patent Application No. 2003-335185 filed in Japan on September 26,

2003, the entire contents of each of which are hereby incorporated by reference. .

BACKGROUND OF THE INVENTION
(a) Fields of the Invention

The present invention relates to semiconductor devices and methods for fabricating
the same. In particular, the present invention relates to semiconductor devices having
contact portions of conductor (referred hereinafter to as conductor contact portions) on an

interconnect layer and methods for fabricating such a device.

(b) Description of Related Art

In recent years, miniaturization and high degree of integration of semiconductor
integrated circuits have been rapidly proceeding. In accordance with the proceeding
miniaturization of the circuit, delay time caused by transistor operation can be cut in the
device while interconnect resistance and parasitic capacitance increase therein. This makes
it difficult to cut delay time caused in an interconnect. In a measure to cut the interconnect
delay time, in order to reduce the interconnect resistance, copper having a lower resistivity
than aluminum used as a conventional interconnect material is employed as a substitute for

aluminum. Moreover, in order to reduce the parasitic capacitance, an insulating film
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having a low dielectric constant is employed as a material for an interlayer insulating film
and the like.

Copper is difficult to etch. Therefore, formation of an interconnect with copper is
made by a damascene process: a hole pattern and a trench configuration are formed in an
insulating film, after which the patterns are filled with copper.

In a chip of a semiconductor device, a trench configuration called a seal ring is
formed to protect transistors and interconnects provided in the chip against outside
moisture. The seal ring is formed to surround an area containing the transistors and the
interconnects. The seal ring is formed simultaneously with the etching for forming a hole
pattern (vias).

The hole pattern and the trench configuration serving as the seal ring are formed in
the following manner.

First, to form the hole pattern and the trench configuration, an interlayer insulating
film is halfway removed using photoresist as a mask. The reason why the removal is
stopped halfway is that if an interconnect layer located below the hole pattern and the
trench configuration is exposed therefrom during the removal, the interconnect layer
corrodes during subsequent ashing for removing the photoresist and subsequent polymer
removal. To avoid such a problem, ashing and polymer removal are performed with only
part of the thickness of the interlayer insulating film remaining. Thereafter, using the
resulting interlayer insulating film itself as a mask, the hole pattern and the trench
configuration are made to reach the interconnect layer.

However, the conventional semiconductor device has caused the following
problems.

Generally, during etching, the etching rate rises as the area of an opening increases.
In this device, the opening area of the trench is greater than that of the hole. Thus, when
the trench and the hole are formed at the same time by a single etching, the trench is

formed deeper. Therefore, it might be unable to stop etching of the trench halfway through
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the interlayer insulating film, resulting in exposure of metal of the interconnect layer
located therebelow. If the metal is exposed in this process, then the disadvantage arises
that the metal corrodes by subjecting itself to subsequent photoresist removal by ashing
and to subsequent polymer removal.

Such a disadvantage also arises when the interlayer insulating film is formed with
multiple types of hole patterns. Specifically, the hole patterns have different pattern
densities or the like, so that it is impossible, in forming the different hole patterns, to partly
remove the insulating film to form the hole patterns with a uniform depth. This causes the

disadvantage that the interconnect layer located below the hole patterns is exposed.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method for fabricating a
semiconductor device resistant to metal corrosion in an interconnect layer by taking
measures to prevent exposure of the interconnect layer during formation of a hole pattern
and a trench pattern.

A first semiconductor device of the present invention comprises: a semiconductor
substrate; a first insulating film provided over the semiconductor substrate; an interconnect
layer provided in at least an upper portion of the first insulating film; a second insulating
film provided on the first insulating film and the interconnect layer; a third insulating film
provided on the second insulating film; and at least one conductor contact portion passing
through the third insulating film and the second insulating film to reach the interconnect
layer. In this device, an upper portion of the interconnect layer is provided with a recess
and a portion of the second insulating film located on the interconnect layer has a greater
thickness than a portion thereof located on the first insulating film.

With this device, the portion of the second insulating film located on the
interconnect layer is formed thick. Therefore, in the step of partly removing the third

insulating film and the second insulating film to form the conductor contact portion, part of
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the second insulating film can be easily left on the interconnect layer, which makes it
difficult to expose the interconnect layer. The semiconductor surface in this condition can
be subjected to a process that may corrode metal, such as ashing or polymer removal.
Subsequently, the unremoved parts of the third insulating film and the second insulating
film can be removed to expose the interconnect layer, and a conductor for the conductor
contact portion can fill the removed portion. That is to say, a process that may corrode
metal can be carried out on the semiconductor surface with the interconnect layer not
exposed, whereby corrosion of the interconnect layer can be prevented.

On the other hands, all portions of the second insulating film but the portion located
on the interconnect layer are not formed thick. Therefore, the dielectric constant between
the layers can be kept constant.

The interconnect layer may comprise a first interconnect layer. The conductor
contact portion may comprise a first conductor contact portion. The device may further
comprise: a second interconnect layer provided in at least an upper portion of the first
insulating film; and a second conductor contact portion passing through the third insulating
film and the second insulating film to reach the second interconnect layer. A portion of the
second insulating film located on the first interconnect layer may have a greater thickness
than a portion thereof located on the second interconnect layer. In this case, even if the
third insulating film and the second insulating film are partly removed in order to form the
conductor contact portion, it can become difficult to expose the first interconnect layer
because the region of the second insulating film formed with the first conductor contact
portion is formed thick. As is the case where the area in which the first conductor contact
portion is formed is greater than the area in which the second conductor contact portion is
formed, when the third insulating film and the second insulating film are partly removed to
form the conductor contact portion, the region where the first conductor contact portion is
formed is removed deeper. Even in such a circumstance, it can become difficult to expose

the first interconnect layer.
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The first interconnect layer may have a greater width than the second interconnect
layer. In this case, the region where the first interconnect layer is formed has a higher area
ratio of conductor (metal) than the region where the second interconnect layer is formed.
Therefore, when chemical mechanical polishing or similar treatment is carried out on the
first interconnect layer and the second interconnect layer from above, the recess formed in
the upper portion of the first interconnect layer can be deepened by the metal area ratio
dependence of dishing.

[[A]]l_As shown in Figs. 7A — 7F, a dummy interconnect layer may be formed

beside the first interconnect layer. In this case, the surrounding of the region where the first
interconnect layer is formed has a higher area ratio of conductor (metal) than the
surrounding of the region where the second interconnect layer is formed. Therefore, when
chemical mechanical polishing or similar treatment is carried out on the first interconnect
layer and the second interconnect layer from above, the recess formed in the upper portion
of the first interconnect layer can be deepened by the metal area ratio dependence of
dishing.

The first conductor contact portion may be of rectangular or strip-like plane, and
the second conductor contact portion may be of circular or square plane.

The first interconnect layer and the first conductor contact portion may constitute a
seal ring provided in ring shape. In this case, even though the first conductor contact
portion serving as the seal ring differs greatly in area from the second conductor contact
portion, the structure described above can prevent the first interconnect layer from being
exposed.

An element may be provided in the semiconductor substrate, and the interconnect
layer may be electrically connected to the element. In this case, when the third insulating
film and the second insulating film are partly removed in forming the conductor contact
portion, an error would arise in the depth to be removed. Even though such an error arises,

it can become difficult to expose the interconnect layer.
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The second insulating film is preferably an insulating film of silicon compound
containing carbon.

A second semiconductor device of the present invention comprises: a
semiconductor substrate; a first insulating film provided on the semiconductor substrate; an
interconnect layer provided in at least an upper portion of the first insulating film; an
oxidation-resistant conductor film covering the top of the interconnect layer; a second
insulating film provided on the first insulating film and the oxidation-resistant conductor
film; a third insulating film provided on the second insulating film; and at least one
conductor contact portion passing through the third insulating film and the second
insulating film to reach the oxidation-resistant conductor film.

With this device, even if, in the step of partly removing the third insulating film and
the second insulating film to form the conductor contact portion, treatment that may
corrode metal, such as ashing and polymer removal, is carried out on the semiconductor
surface with the oxidation-resistant conductor film exposed, corrosion of the interconnect
layer can be prevented. On the other hands, all portions of the second insulating film but
the portion located on the interconnect layer are not formed thick. Therefore, the dielectric
constant between the layers can be kept constant.

The oxidation-resistant conductor film may be a nitrogen introduced layer produced
by introducing nitrogen into an upper region of the interconnect layer.

The oxidation-resistant conductor film may be made of titanium nitride.

The interconnect layer comprises a first interconnect layer. The oxidation-resistant
conductor film comprises a first oxidation-resistant conductor film provided on the first
interconnect layer. The conductor contact portion comprises a first conductor contact
portion. The device comprises: a second interconnect layer provided in at least an upper
portion of the first insulating film; a second oxidation-resistant conductor film covering the
top of the second interconnect layer; and a second conductor contact portion passing

through the third insulating film and the second insulating film to reach the second
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oxidation-resistant conductor film. The first conductor contact portion has a greater upper
surface area than the second conductor contact portion. In this case, if the third insulating
film and the second insulating film are partly removed in forming these conductor contact
portions, the region where the first conductor contact portion is formed is removed deeper.
However, since the top of the first interconnect layer is covered with the oxidation resistant
film, corrosion of the first interconnect layer can be prevented even though the oxidation
resistant film is exposed.

The first conductor contact portion may be of rectangular or strip-like plane, and
the second conductor contact portion may be of circular or square plane.

The first interconnect layer and the first conductor contact portion may constitute a
seal ring provided in ring shape. In this case, even though the first conductor contact
portion serving as the seal ring differs greatly in area from the second conductor contact
portion, the structure described above can prevent the first interconnect layer from being
exposed.

An element may be provided in the semiconductor substrate, and the interconnect
layer may be electrically connected to the element. In this case, when the third insulating
film and the second insulating film are partly removed in forming the conductor contact
portion, an error would arise in the depth to be removed. Even though such an error arises,
it can become difficult to expose the interconnect layer.

The second insulating film is preferably an insulating film of silicon compound
containing carbon.

A first method for fabricating a semiconductor device according to the present
invention comprises: the step (a) of forming a first insulating film on a semiconductor
substrate; the step (b) of forming an interconnect layer in at least an upper portion of the
first insulating film; the step (c) of forming a recess in an upper portion of the interconnect
layer; the step (d) of forming, on the first insulating film and the interconnect layer, a

second insulating film filling the recess; the step (e) of planarizing an upper surface of the
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second insulating film; the step (f) of forming a third insulating film on the second
insulating film after the step (e); the step (g) of removing, using a photoresist as a mask,
portions of the third insulating film and the second insulating film located above the
interconnect layer so that the removed part does not reach the interconnect layer, thereby
leaving part of the second insulating film on the interconnect layer; and the step (h) of
removing the photoresist.

With this method, the portion of the second insulating film located on the
interconnect layer can be formed thick. Therefore, in the step (g), the state in which the
interconnect layer is not exposed can be kept more certainly. This prevents corrosion of
the interconnect layer even though treatment that may corrode metal, such as ashing, is
carried out after the step (g). On the other hands, all portions of the second insulating film
but the portion located on the interconnect layer are not formed thick. Therefore, in the
semiconductor device fabricated by the first method, the dielectric constant between the
layers can be kept constant.

In the step (c¢), the upper portion of the interconnect layer may be recessed by
chemical mechanical polishing, dry etching, or wet etching to form the recess. In this case,
in addition to the above effect, the effect of improving the adhesion between the first
insulating film and the second insulating film can be provided.

In the step (b), a first interconnect layer for a seal ring and a second interconnect
layer located in a region surrounded with the first interconnect layer may be formed as the
interconnect layer. In the step (c¢), the recess may be formed in at least an upper portion of
the first interconnect layer. In the step (g), portions of the third insulating film and the
second insulating film located above the first interconnect layer may be partly removed to
form a trench for the seal ring, and portions of the third insulating film and the second
insulating film located above the second interconnect layer may be partly removed to form
a hole. Since, in this case, the opening area of the trench is greater than that of the hole,

the trench is formed to have a greater depth than the hole in the step (g). However, the
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region of the second insulating film to be formed with the trench is formed thick, whereby
it can become difficult to expose the first interconnect layer.

In the step (b), the first interconnect layer may be formed to have a greater width
than the second interconnect layer. In this case, the region where the first interconnect
layer is formed has a higher area ratio of conductor (metal) than the region where the
second interconnect layer is formed. Therefore, when, in the step (c), chemical mechanical
polishing or similar treatment is carried out on the first interconnect layer and the second
interconnect layer from above, the recess formed in the upper portion of the first
interconnect layer can be deepened by the metal area ratio dependence of dishing.

In the step (b), a dummy interconnect layer may be formed beside the first
interconnect layer. In this case, the surrounding of the region where the first interconnect
layer is formed has a higher area ratio of conductor (metal) than the surrounding of the
region where the second interconnect layer is formed. Therefore, when, in the step (c),
chemical mechanical polishing or similar treatment is carried out on the first interconnect
layer and the second interconnect layer from above, the recess formed in the upper portion
of the first interconnect layer can be deepened by the metal area ratio dependence of
dishing.

The first method may further comprise, prior to the step (a), the step (i) of forming
an element in the semiconductor substrate. In the step (b), the interconnect layer may be
formed to be electrically connectable to the element. In this case, even though an error in
the depth to be removed arises in the step (g), it can become difficult to expose the
interconnect layer.

A second method for fabricating a semiconductor device according to the present
invention comprises: the step (a) of forming a first insulating film on a semiconductor
substrate; the step (b) of forming an interconnect layer in at least an upper portion of the
first insulating film; the step (c) of forming an oxidation-resistant conductor film covering

the top of the interconnect layer; the step (d) of forming a second insulating film on the
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first insulating film and the oxidation-resistant conductor film; the step (e) of forming a
third insulating film on the second insulating film; the step (f) of removing, using a
photoresist as a mask, portions of the third insulating film and the second insulating film
located above the interconnect layer; and the step (g) of removing the photoresist.

With this method, the oxidation-resistant conductor film can cover the top of the
interconnect layer. Therefore, in the step (f), even if treatment that may corrode metal,
such as ashing, is carried out after exposure of the oxidation-resistant conductor film,
corrosion of the interconnect layer can be prevented. On the other hands, all portions of
the second insulating film but the portion located on the interconnect layer are not formed
thick. Therefore, in the semiconductor device fabricated by the second method, the
dielectric constant between the layers can be kept constant.

In the step (c), plasma treatment, wet treatment, or ion implantation may be
performed to introduce nitrogen into an upper portion of the interconnect layer, thereby
forming the oxidation-resistant conductor film.

In the step (c¢), a film containing nitrogen may be deposited, as the oxidation-
resistant conductor film, on the interconnect layer.

In the step (b), a first interconnect layer for a seal ring and a second interconnect
layer located in a region surrounded with the first interconnect layer may be formed as the
interconnect layer. In the step (c), an oxidation-resistant conductor film may be formed on
the first interconnect layer and the second interconnect layer. In the step (f), portions of the
third insulating film and the second insulating film located above the first interconnect
layer may be partly removed to form a trench for the seal ring, and portions of the third
insulating film and the second insulating film located above the second interconnect layer
may be partly removed to form a hole. Since, in this case, the opening area of the trench is
greater than that of the hole, the trench is formed to have a greater depth than the hole in
the step (f). However, the region of the second insulating film to be formed with the trench

is formed thick, whereby it can become difficult to expose the first interconnect layer.

10
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The second method may further comprise, prior to the step (a), the step (h) of
forming an element in the semiconductor substrate, and in the step (b), the interconnect
layer may be formed to be electrically connectable to the element. In this case, even
though an error in the depth to be removed arises in the step (f), it can become difficult to

expose the interconnect layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1F are sectional views showing a semiconductor device fabrication
method according to a first embodiment.

FIGS. 2A to 2F are sectional views showing a semiconductor device fabrication
method according to a second embodiment.

FIGS. 3A to 3E are sectional views showing a semiconductor device fabrication
method according to a third embodiment.

FIGS. 4A to 4E are sectional views showing a semiconductor device fabrication
method according to a fourth embodiment.

FIGS. 5A to SF are sectional views showing a fabrication method of an
interconnect region of a semiconductor device according to a fifth embodiment.

FIGS. 6A to 6E are planar views of the first metal interconnect, the hole-contact

portion, the second metal interconnect, and the trench-contact portion of embodiments 1-4.

FIGS. 7A to 7F are views showing a method of forming a semiconductor device

including dummy interconnects 213 (213a and 213b). and 313 (313a and 313b). which are

formed adjacent the first interconnect layer 113 (113a and 113b).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a first

11
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embodiment of the present invention will be described with reference to FIGS. 1A to 1F.
FIGS. 1A to 1F are sectional views showing the semiconductor device fabrication method
of the first embodiment. Note that FIGS. 1A to 1F show an interconnect formation region
R1 and a seal ring region R2 for protecting the interconnect formation region R1 against
outside moisture. The seal ring region R2 surrounds the sides of the interconnect
formation region R1.

First, in the step shown in FIG 1A, a first insulating film 101 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 101, a photoresist (not shown) having openings in interconnect trace
formation positions is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 101 to form
interconnect grooves 108 and 109 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum
and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 102 consisting of a conductor
surface film 102a and a metal interconnect film 102b. The conductor surface film 102a
covers the inside surface of the interconnect groove 108, and the metal interconnect film
102b fills the interconnect groove 108 with the conductor surface film 102a interposed
between the first insulating film 101 and the metal interconnect film 102b. During this
formation, in the seal ring region R2, a second metal interconnect 103 is formed which
consists of a conductor surface film 103a and a metal interconnect film 103b.

In the step shown in FIG 1B, by chemical mechanical polishing or selective metal
etching with nitric acid or the like, the upper portions of the first metal interconnect 102
and the second metal interconnect 103 are recessed to form recessed shapes (recesses 110)
having depths of about 20 to 40 nm.

Next, in the step shown in FIG 1C, on the substrate, a second insulating film 104 is

12
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deposited which is made of a silicon carbon nitride film with a thickness of 100 to 150 nm
and which fills the recess 110. In this deposition, as the material for the second insulating
film 104, use may be made of a silicon nitride film, a silicon carbide film, a silicon
oxycarbide film, or the like. Also, a structure made by stacking the listed films may be
formed as the second insulating film 104.

At the time of this deposition, depressions affected by the recess shapes of the first
metal interconnect 102 and the second metal interconnect 103 are created in the upper
surface of the second insulating film 104.

Then, in the step shown in FIG. 1D, chemical mechanical polishing, wet etching
with sulfuric acid, nitric acid, or the like or etch back is performed to planarize the upper
surface of the second insulating film 104. By this planarization, portions of the second
insulating film 104 located on the first metal interconnect 102 and the second metal
interconnect 103 have thicknesses of about 70 to 90 nm and the remaining portions thereof
have a thickness of 50 nm.

In the step shown in FIG 1E, a third insulating film 105 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 105, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 105.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 105. Then, dry etching is performed using the photoresist as a mask to
form a hole (through hole) 106 in the interconnect formation region R1 and a trench 107 in
the seal ring region R2. This dry etching is performed so that the hole 106 and the trench
107 extend halfway through the second insulating film 104. Since, in this etching, the
opening area of the trench 107 is greater than that of the hole 106, the trench 107 is etched

deeper. Thereafter, the photoresist is removed by ashing, and polymers created during wet

13
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etching and dry etching are removed.

In the step shown in FIG 1F, the remaining portions of the second insulating film
104 within the hole and trench are etched, whereby the hole 106 and the trench 107 reach
the first metal interconnect 102 and the second metal interconnect 103, respectively. The
resulting hole and trench are filled with a conductor to form a hole-contact portion 106’
made of conductor (referred hereinafter to as a conductor hole-contact portion) in circular
or square plane and a trench-contact portion 107’ of conductor (referred hereinafter to as a
conductor trench-contact portion) in ring shape. This step is performed after completion of
processes that may corrode metal, such as ashing and polymer removal.

With reference to FIG 1F again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the first
embodiment.

As shown in FIG 1F, the semiconductor device of the first embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 102, and the seal ring region R2 is provided with the
second metal interconnect 103. The first metal interconnect 102 includes the conductor
surface film 102a covering the surface of the interconnect groove 108 and the metal
interconnect film 102b covering the conductor surface film 102a. Likewise, the second
metal interconnect 103 includes the conductor surface film 103a covering the surface of
the interconnect groove 109 and the metal interconnect film 103b provided on the
conductor surface film 103a. The upper portions of the first metal interconnect 102 and
the second metal interconnect 103 are recessed to form the recesses 110.

The second insulating film 104 is provided on the first insulating film 101, the first
metal interconnect 102 and the second metal interconnect 103. The second insulating film
104 fills the recess 110, so that in the second insulating film 104, the portions thereof

located on the first metal interconnect 102 and the second metal interconnect 103 are
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formed thicker than the other portions thereof. The upper surface of the second insulating
film 104 is planarized.

The third insulating film 105 is provided on the second insulating film 104. The
interconnect formation region R1 is provided with the conductor hole-contact portion 106’
passing through the third insulating film 105 and the second insulating film 104. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 107”. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
103 and the conductor trench-contact portion 107’ is provided to surround the first metal
interconnect 102 and the conductor hole-contact portion 106’ in the interconnect formation
region R1.

The effects obtained by the first embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surfaces of the first metal interconnect and the
second metal interconnect remain flat, and the second insulating film with a uniform
thickness is formed on the first metal interconnect and the second metal interconnect. By
such a structure, when the hole and the trench are formed, the trench might pass through
the second insulating film to expose the second metal interconnect.

In contrast to this, in the first embodiment, only the portions of the second
insulating film 104 located on the first metal interconnect 102 and the second metal
interconnect 103 can be formed thick. This prevents the trench 107 from reaching the
second metal interconnect 103. Therefore, even if ashing and polymer removal are
performed on the semiconductor surface, the first metal interconnect 102 will not corrode.
On the other hands, the portion of the second insulating film 104 located on the first
insulating film 101 is not formed thick. Therefore, the dielectric constant between the
layers can be kept constant.

Moreover, chemical mechanical polishing or selective etching is performed to

recess the upper surfaces of the first metal interconnect 102 and the second metal

15

TSMC EX1003 p. 157



10

15

20

25

Substitute Specification
Marked-Up Copy

interconnect 103. This improves the adhesion between the first insulating film 101 and the
second insulating film 104.

In the first embodiment, by chemical mechanical polishing or the like, the recessed
shapes are formed in the upper portions of the first metal interconnect 102 and the second
metal interconnect 103. However, in the present invention, the recessed shape may be
formed by utilizing the property of copper in which copper is compressed by heat added
thereto. To be more specific, in the step shown in FIG 1A, the first metal interconnect 102
and the second metal interconnect 103 are formed and then heat treatment is performed at
200 to 500°C. This compresses the metal interconnect films 102b and 103b made of
copper to form recesses in the upper portions of the first metal interconnect 102 and the
second metal interconnect 103. Also by this procedure, the same effects as those described

above can be obtained.

(Second Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a second
embodiment of the present invention will be described with reference to FIGS. 2A to 2F.
FIGS. 2A to 2F are sectional views showing the semiconductor device fabrication method
of the second embodiment. Note that FIGS. 2A to 2F show an interconnect formation
region R1 and a seal ring region R2 for protecting the interconnect formation region R1
against outside moisture. The seal ring region R2 surrounds the sides of the interconnect
formation region R1.

First, in the step shown in FIG 2A, a first insulating film 111 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 111, a photoresist (not shown) having openings in a metal interconnect trace
formation region is formed by photolithography. The formed photoresist is used as a mask
to perform dry etching, thereby forming an interconnect groove 118 in the interconnect

formation region R1 and an interconnect groove 119 in the seal ring formation region R2.
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In this etching, the width of the interconnect groove 119 is made greater than that of the
interconnect groove 118. To be more specific, when the interconnect groove 118 has a
width smaller than 2 um, the interconnect groove 119 has a width of 2 um or greater.

Thereafter, the photoresist is removed, and then a 30 nm-thick stacked film (not
shown) of tantalum nitride and tantalum and a 1000 nm-thick copper film (not shown) are
formed above the substrate. The copper film and the stacked film are polished using
chemical mechanical polishing to form, in the interconnect formation region R1, a first
metal interconnect 112 having a width of 2 um or greater and consisting of a conductor
surface film 112a and a metal interconnect film 112b. The conductor surface film 112a
covers the inside surface of the interconnect groove 118, and the metal interconnect film
112b fills the interconnect groove 118 with the conductor surface film 112a interposed
between the first insulating film 111 and the metal interconnect film 112b. During this
formation, in the seal ring region R2, a second metal interconnect 113 with a width of 2
um or greater is formed which consists of a conductor surface film 113a and a metal
interconnect film 113b.

In the step shown in FIG 2B, chemical mechanical polishing is performed. In this
step, the upper portion of the second metal interconnect 113 is recessed by utilizing the
metal area ratio dependence of dishing. Details of this step are as follows. If a substrate
with metal embedded therein is subjected to chemical mechanical polishing, the depth to
which the metal is removed tends to be greater as the percentage of metal contained in the
region to be removed rises. In the second embodiment, the second metal interconnect 113
is formed to have a greater width than the first metal interconnect 112. In other words, the
region where the second metal interconnect 113 is formed has a higher ratio of metal per
unit area. This allows the upper portion of the second metal interconnect 113 to be
recessed deeper than the other regions.

As a substitute for the method in which the depth of the second metal interconnect

113 is made greater than that of the first metal interconnect 112, the percentage of metal
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content per unit area may be raised by forming a dummy pattern around the second metal
interconnect 113.

Next, in the step shown in FIG 2C, a second insulating film 114 made of a silicon
carbon nitride film is deposited on the first insulating film 111, the first metal interconnect
112 and the second metal interconnect 113. In this deposition, as the material for the
second insulating film 114, use may be made of a silicon nitride film, a silicon oxide film,
a silicon oxycarbide film, or the like. Also, a structure made by stacking the listed films
may be formed as the second insulating film 114.

At the time of this deposition, a depression affected by the recess shape of the
second metal interconnect 113 is created in the upper portion of the second insulating film
114.

Then, in the step shown in FIG 2D, chemical mechanical polishing, wet etching, or
etch back is performed to planarize the second insulating film 114.

In the step shown in FIG 2E, a third insulating film 115 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 115, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 115.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 115. Then, dry etching is performed using the photoresist as a mask to form
a hole 116 in the interconnect formation region R1 and a trench 117 in the seal ring region
R2. This dry etching is performed so that the trench 117 extends halfway through the
second insulating film 114. Since, in this etching, the opening area of the trench 117 is
greater than that of the hole 116, the trench 117 is etched deeper. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching

are removed.
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In the step shown in FIG 2F, the remaining portions of the second insulating film
114 within the hole and trench are removed, whereby the hole 116 and the trench 117 reach
the first metal interconnect 112 and the second metal interconnect 113, respectively. The
resulting hole and trench are filled with a conductor to form a conductor hole-contact
portion 116’ in circular or square plane and a conductor trench-contact portion 117’ in ring
shape. This step is performed after completion of processes that may corrode metal, such
as ashing and polymer removal.

With reference to FIG 2F again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the second
embodiment.

As shown in FIG: 2F, the semiconductor device of the second embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 112, and the seal ring region R2 is provided with the
second metal interconnect 113. The second metal interconnect 113 is formed to have a
greater width than the first metal interconnect 112.

The first metal interconnect 112 includes the conductor surface film 112a covering
the surface of the interconnect groove 118 and the metal interconnect film 112b covering
the conductor surface film 112a. Likewise, the second metal interconnect 113 includes the
conductor surface film 113a covering the surface of the interconnect groove 119 and the
metal interconnect film 113b provided on the conductor surface film 113a. The upper
portion of the second metal interconnect 113 is recessed to form a recess 120.

The second insulating film 114 is provided on the first insulating film 111, the first
metal interconnect 112 and the second metal interconnect 113. The second insulating film
114 fills the recess 120, so that in the second insulating film 114, the portion thereof
located on the second metal interconnect 113 is formed thicker than the other portions

thereof. The upper surface of the second insulating film 114 is planarized.
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The third insulating film 115 is provided on the second insulating film 114. The
interconnect formation region R1 is provided with the conductor hole-contact portion 116’
passing through the third insulating film 115 and the second insulating film 114. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 117”. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
113 and the conductor trench-contact portion 117’ is provided to surround the first metal
interconnect 112 and the conductor hole-contact portion 116’ in the interconnect formation
region R1.

The effects obtained by the second embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surface of the second metal interconnect
remains flat, and the second insulating film with a uniform thickness is formed on the
second metal interconnect. By such a structure, when the hole and the trench are formed,
the trench might pass through the second insulating film to expose the second metal
interconnect.

In contrast to this, in the second embodiment, only the portion of the second
insulating film 114 located on the second metal interconnect 113 can be formed thick
without increasing the number of fabrication steps of the device. This prevents the trench
117 from reaching the second metal interconnect 113. Therefore, even if ashing and
polymer removal are performed on the semiconductor surface, the first metal interconnect
will not corrode. On the other hands, the portion of the second insulating film 114 located
on the first insulating film 111 is not formed thick. Therefore, the dielectric constant
between the layers can be kept constant.

Moreover, chemical mechanical polishing or etching is performed to recess the
upper portion of the second metal interconnect 113. This improves the adhesion between
the first insulating film 111 and the second insulating film 114.

In the second embodiment, the recessed shape is formed by utilizing the metal area
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ratio dependence of dishing. However, it may be formed by etching utilizing the pattern
density dependence. Alternatively, in the step shown in FIG 2B in the present invention,
the recessed shape may be formed in the upper portion of the second metal interconnect
113 by performing etching with a photoresist or the like covering all the region but the
second metal interconnect 113. In this case, the same effects as those described above can
be obtained except that the number of fabrication steps of the device increases.

In the second embodiment, in performing chemical mechanical polishing in the step
shown in FIG 2B, slurry with high solubility, such as hydrogen peroxide, may be used.
This raises the polishing rate of metal, which allows the second metal interconnect 113 to

be recessed deeper.

(Third Embodiment)

A method for fabricating a semiconductor device according to a third embodiment
of the present invention will be described with reference to FIGS. 3A to 3E. FIGS. 3A to
3E are sectional views showing the semiconductor device fabrication steps of the third
embodiment. Note that FIGS. 3A to 3E show an interconnect formation region R1 and a
seal ring region R2 for protecting the interconnect formation region R1 against outside
moisture. The seal ring region R2 surrounds the sides of the interconnect formation region
R1.

First, in the step shown in FIG 3A, a first insulating film 121 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 121, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 121 to form
interconnect grooves 128 and 129 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum

and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
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film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 122 consisting of a conductor
surface film 122a and a metal interconnect film 122b. The conductor surface film 122a
covers the inside surface of the interconnect groove 128, and the metal interconnect film
122b fills the interconnect groove 128 with the conductor surface film 122a interposed
between the first insulating film 121 and the metal interconnect film 122b. During this
formation, in the seal ring region R2, a second metal interconnect 123 is formed which
consists of a conductor surface film 123a and a metal interconnect film 123b.

In the step shown in FIG 3B, plasma treatment using a gas containing nitrogen, wet
treatment using ammonia, benzotriazole (BTA), or quinaldic acid, or ion implantation is
performed to supply nitrogen to the upper portions of the first metal interconnect 122 and
the second metal interconnect 123. This alters the upper portions of the first metal
interconnect 122 and the second metal interconnect 123 into an oxidation resistant film 130.
Simultaneously, this step can improve the adhesion between the first insulating film 121
and a second insulating film 124 that will be formed in a subsequent step.

Next, in the step shown in FIG 3C, the second insulating film 124 made of a
silicon carbon nitride film is deposited on the first insulating film 121 and the oxidation
resistant film 130. In this deposition, as the material for the second insulating film 124,
use may be made of a silicon nitride film, a silicon carbide film, a silicon oxycarbide film,
or the like. Also, a structure made by stacking the listed films may be formed as the
second insulating film 124.

In the step shown in FIG 3D, a third insulating film 125 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 125, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 125.

Subsequently to this, by photolithography, a photoresist (not shown) having
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openings in a hole formation region and a trench formation region is formed on the third
insulating film 125. Then, dry etching is performed using the photoresist as a mask to
form a hole 126 in the interconnect formation region R1 and a trench 127 in the seal ring
region R2. This dry etching may be performed either so that the trench 127 extends only
halfway through the second insulating film 124 or so that the trench 127 passes through the
second insulating film 124 to reach the oxidation resistant film 130. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching
are removed.

In the step shown in FIG 3E, the remaining portions of the second insulating film
124 within the hole and trench are removed, whereby the hole 126 and the trench 127
reach the oxidation resistant film 130. The resulting hole and trench are filled with a
conductor to form a conductor hole-contact portion 126’ in circular or square plane and a
conductor trench-contact portion 127’ in ring shape.

With reference to FIG 3E again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the third
embodiment.

As shown in FIG 3E, the semiconductor device of the third embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 122, and the seal ring region R2 is provided with the
second metal interconnect 123. The first metal interconnect 122 includes the conductor
surface film 122a covering the surface of the interconnect groove 128 and the metal
interconnect film 122b covering the conductor surface film 122a. Likewise, the second
metal interconnect 123 includes the conductor surface film 123a covering the surface of
the interconnect groove 129 and the metal interconnect film 123b provided on the
conductor surface film 123a. The upper portions of the metal interconnect films 122b and

123b contain nitrogen and thus are formed into the oxidation resistant film 130.
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The second insulating film 124 is provided on the first insulating film 121, the first
metal interconnect 122 and the second metal interconnect 123. The third insulating film
125 is provided on the second insulating film 124. The interconnect formation region R1
is provided with the conductor hole-contact portion 126° passing through the third
insulating film 125 and the second insulating film 124. Likewise, the seal ring region R2
is formed with the conductor trench-contact portion 127°. Thus, in the seal ring region R2,
the seal ring in ring shape formed of the second metal interconnect 123 and the conductor
trench-contact portion 127’ is provided to surround the first metal interconnect 122 and the
conductor hole-contact portion 126’ in the interconnect formation region R1.

The effects obtained by the third embodiment will be described below in
comparison with the conventional device.

In the conventional device, if a trench reaches the second metal interconnect during
formation of the hole pattern and the trench pattern, then the second metal interconnect
corrodes in subsequent ashing and polymer removal.

In contrast to this, in the third embodiment, the upper portion of the second metal
interconnect 123 is altered into the oxidation resistant film 130. Therefore, even if ashing
and polymer removal are performed in the state in which the trench 127 reaches the second
metal interconnect 123, the upper portion of the second metal interconnect 123 will not
corrode. On the other hands, the portion of the second insulating film 124 located on the
first insulating film 121 is not formed thick. Therefore, the dielectric constant between the
layers can be kept constant.

Moreover, the upper portions of the first metal interconnect 122 and the second
metal interconnect 123 are made to contain nitrogen, which also provides the advantage
that the etching resistance in the formation of the hole 126 and the trench 127 is improved.

In the step shown in FIG 3D, in the case where the hole 126 and the trench 127
reach the oxidation resistant film 130, the later step of removing portions of the second

insulating film 124 remaining between the oxidation resistant film 130 and each of the hole
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126 and the trench 127 can be advantageously omitted.

(Fourth Embodiment)

A method for fabricating a semiconductor device according to a fourth embodiment
of the present invention will be described with reference to FIGS. 4A to 4E. FIGS. 4A to
4E are sectional views showing the semiconductor device fabrication steps of the fourth
embodiment. Note that FIGS. 4A to 4E show an interconnect formation region R1 and a
seal ring region R2 for protecting the interconnect formation region R1 against outside
moisture. The seal ring region R2 surrounds the sides of the interconnect formation region
R1.

First, in the step shown in FIG 4A, a first insulating film 131 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 131, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 131 to form
interconnect grooves 138 and 139 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum
and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 132 consisting of a conductor
surface film 132a and a metal interconnect film 132b. The conductor surface film 132a
covers the inside surface of the interconnect groove 138, and the metal interconnect film
132b fills the interconnect groove 138 with the conductor surface film 132a interposed
between the first insulating film 131 and the metal interconnect film 132b. During this
formation, in the seal ring region R2, a second metal interconnect 133 is formed which
consists of a conductor surface film 133a and a metal interconnect film 133b.

In the step shown in FIG 4B, an oxidation-resistant metal film 140 is selectively
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deposited on the first metal interconnect 132 and the second metal interconnect 133. An
exemplary material for the metal film 140 is titanium nitride (TiN).

Next, in the step shown in FIG 4C, a second insulating film 134 made of a silicon
carbon nitride film is deposited on the first insulating film 131 and the metal film 140. In
this deposition, as the material for the second insulating film 134, use may be made of a
silicon nitride film, a silicon carbide film, a silicon oxycarbide film, or the like. Also, a
structure made by stacking the listed films may be formed as the second insulating film
134. Subsequently to the deposition, chemical mechanical polishing, wet etching, or etch
back is performed to planarize the second insulating film 134.

In the step shown in FIG 4D, a third insulating film 135 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 135, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 135.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 135. Then, dry etching is performed using the photoresist as a mask to
form a hole 136 in the interconnect formation region R1 and a trench 137 in the seal ring
region R2. This dry etching may be performed either so that the trench 137 extends only
halfway through the second insulating film 134 or so that the trench 137 passes through the
second insulating film 134 to reach the metal film 140. Thereafter, the photoresist is
removed by ashing, and polymers created during wet etching and dry etching are removed.

In the step shown in FIG 4E, the remaining portions of the second insulating film
134 within the hole and trench are removed, whereby the hole 136 and the trench 137
reach the first metal interconnect 132 and the second metal interconnect 133, respectively.
The resulting hole and trench are filled with a conductor to form a conductor hole-contact

portion 136’ in circular or square plane and a conductor trench-contact portion 137’ in ring
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shape.

With reference to FIG 4E again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the fourth
embodiment.

As shown in FIG. 4E, the semiconductor device of the fourth embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 132, and the seal ring region R2 is provided with the
second metal interconnect 133. The first metal interconnect 132 includes the conductor
surface film 132a covering the surface of the interconnect groove 138 and the metal
interconnect film 132b covering the conductor surface film 132a. Likewise, the second
metal interconnect 133 includes the conductor surface film 133a covering the surface of
the interconnect groove 139 and the metal interconnect film 133b provided on the
conductor surface film 133a.

The oxidation-resistant metal film 140 made of, for example, titanium nitride is
provided on the first metal interconnect 132 and the second metal interconnect 133. The
second insulating film 134 is provided on the first insulating film 131 and the metal film
140. The third insulating film 135 is provided on the second insulating film 134. The
interconnect formation region R1 is provided with the conductor hole-contact portion 136’
passing through the third insulating film 135 and the second insulating film 134. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 137”. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
133 and the conductor trench-contact portion 137’ is provided to surround the first metal
interconnect 132 and the conductor hole-contact portion 136’ in the interconnect formation
region R1.

In the fourth embodiment, the metal film 140 resistant to oxidation covers the top

of the second metal interconnect 133. Therefore, even if ashing and polymer removal are
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performed in the state in which the trench 137 reaches the metal film 140, the upper
portion of the second metal interconnect 133 will not corrode. On the other hands, the
portion of the second insulating film 134 located on the first insulating film 131 is not
formed thick. Therefore, the dielectric constant between the layers can be kept constant.
Moreover, the upper portions of the first metal interconnect 132 and the second
metal interconnect 133 are formed with the metal film 140 resistant to oxidation, which
also provides the advantage that the etching resistance in the formation of the hole 136 and

the trench 137 is improved.

(Fifth Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a fifth
embodiment of the present invention will be described with reference to FIGS. SA to SF.
FIGS. 5A to SF are sectional views showing a method for fabricating an interconnect
region of a semiconductor device according to the fifth embodiment. The foregoing first to
fourth embodiments have shown the case where a difference in depth arises between the
hole in the interconnect region and the trench in the seal ring region. On the other hands,
the fifth embodiment shows the case where in forming a number of hole patterns in the
interconnect region, a difference in depth arises among the hole patterns.

First, in the step shown in FIG 5A, a first insulating film 141 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 141, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 141 to form
an interconnect groove 148 with a depth of 250 nm. Thereafter, the photoresist is removed,
and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum and a
1000 nm-thick copper film (not shown) are formed above the substrate. The copper film

and the stacked film are polished using chemical mechanical polishing to form a metal
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interconnect 142 consisting of a conductor surface film 142a and a metal interconnect film
142b. The conductor surface film 142a covers the inside surface of the interconnect
groove 148, and the metal interconnect film 142b fills the interconnect groove 148 with the
conductor surface film 142a interposed between the insulating film 141 and the metal
interconnect film 142b.

In the step shown in FIG 5B, by chemical mechanical polishing or selective metal
etching with nitric acid or the like, the upper portion of the metal interconnect 142 is
recessed to form a recessed shape (recess 150) having a depth of about 20 to 40 nm.

Next, in the step shown in FIG SC, on the substrate, a second insulating film 144 is
deposited which is made of a silicon carbon nitride film with a thickness of 100 to 150 nm
and which fills the recess 150. In this deposition, as the material for the second insulating
film 144, use may be made of a silicon nitride film, a silicon carbide film, a silicon
oxycarbide film, or the like. Also, a structure made by stacking the listed films may be
formed as the second insulating film 144.

At the time of this deposition, a depression affected by the recess shape of the metal
interconnect 142 is created in the top of the second insulating film 144.

Then, in the step shown in FIG 5D, chemical mechanical polishing, wet etching or
etch back is performed to planarize the upper surface of the second insulating film 144. By
this planarization, a portion of the second insulating film 144 located on the metal
interconnect 142 has a thickness of about 70 to 90 nm and the remaining portions thereof
have a thickness of 50 nm.

In the step shown in FIG SE, a third insulating film 145 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 145, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 145.

Subsequently to this, by photolithography, a photoresist (not shown) having
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openings in a hole formation region is formed on the third insulating film 145. Then, dry
etching is performed using the photoresist as a mask to form holes 146. This dry etching is
performed so that the holes 146 extend halfway through the second insulating film 144. At
the time of completion of this etching, respective holes 146 of multiple hole patterns have
different depths due to influences of the pattern density or the like. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching
are removed.

In the step shown in FIG 5F, the remaining portions of the second insulating film
144 within the holes are removed, whereby the holes 146 reach the metal interconnect 142.
The resulting holes are filled with a conductor to form conductor hole-contact portions
146’ in circular or square plane. This step is performed after completion of processes that
may corrode metal, such as ashing and polymer removal.

With reference to FIG SF again, next description will now be made of the structure
of the interconnect and the conductor hole-contact portion of the semiconductor device
according to the fifth embodiment.

As shown in FIG SF, in the semiconductor device of the fifth embodiment, the
metal interconnect 142 which includes the conductor surface film 142a and the metal
interconnect film 142b covering the top of the conductor surface film 142a is provided in
the first insulating film 141. The upper portion of the metal interconnect 142 is recessed to
form the recess 150.

The second insulating film 144 is provided on the first insulating film 141 and the
metal interconnect 142. The second insulating film 144 fills the recess 150, so that in the
second insulating film 144, the portion thereof located on the metal interconnect 142 is
formed thicker than the other portions thereof. The upper surface of the second insulating
film 144 is planarized.

The third insulating film 145 is provided on the second insulating film 144. Further,

the conductor hole-contact portion 146’ is provided which passes through the third
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insulating film 145 and the second insulating film 144.

The effects obtained by the fifth embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surface of the metal interconnect remains flat,
and the second insulating film and the third insulating film are formed on the metal
interconnect. If multiple types of hole patterns are formed in such a structure, the formed
hole patterns have different hole depths due to nonuniform pattern densities or fabrication
process variations. This might cause some of the hole patterns to pass through the second
insulating film to reach the metal interconnect. Such a possibility increases particularly in
the case where a number of hole patterns are formed in the device.

In contrast to this, in the fifth embodiment, only the portion of the second
insulating film 144 located on the metal interconnect 142 can be formed thick. This
prevents the holes 146 from reaching the metal interconnect 142. Therefore, even if ashing
and polymer removal are performed on the semiconductor surface, the metal interconnect
142 will not corrode. On the other hands, the portion of the second insulating film 144
located on the first insulating film 141 is not formed thick. Therefore, the dielectric
constant between the layers can be kept constant.

Moreover, chemical mechanical polishing or selective etching is performed to
recess the upper surface of the metal interconnect 142. This improves the adhesion
between the first insulating film 141 and the second insulating film 144.

The fifth embodiment is composed by applying the method of the first embodiment
to the case where multiple types of hole patterns are formed in an interconnect region.
However, in the present invention, methods of the third and fourth embodiments can also
be applied to that case.

In the first to fourth embodiments, description has been made of the case where the
conductor trench-contact portion is formed in ring shape to use the portion as the seal ring.

Alternatively, the portion may be formed in rectangular shape or strip shape to use the
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portion as part of an electrode.
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SEMICONDUCTOR DEVICE AND

METHOD FOR FABRICATING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a Divisional of U.S. Application No. 12/153,028, filed on May
13, 2008, which is a Divisional of U.S. Application No. 11/716,704, filed March 12, 2007,
now U.S. Patent No. 7,400,045, which is a Divisional of U.S. Application No. 10/945,920,
filed September 22, 2004, now U.S. Patent No. 7,215,028, and claims priority under 35
U.S.C. §119 on Patent Application No. 2003-335185 filed in Japan on September 26,

2003, the entire contents of each of which are hereby incorporated by reference. .

BACKGROUND OF THE INVENTION
(a) Fields of the Invention

The present invention relates to semiconductor devices and methods for fabricating
the same. In particular, the present invention relates to semiconductor devices having
contact portions of conductor (referred hereinafter to as conductor contact portions) on an

interconnect layer and methods for fabricating such a device.

(b) Description of Related Art

In recent years, miniaturization and high degree of integration of semiconductor
integrated circuits have been rapidly proceeding. In accordance with the proceeding
miniaturization of the circuit, delay time caused by transistor operation can be cut in the
device while interconnect resistance and parasitic capacitance increase therein. This makes
it difficult to cut delay time caused in an interconnect. In a measure to cut the interconnect
delay time, in order to reduce the interconnect resistance, copper having a lower resistivity
than aluminum used as a conventional interconnect material is employed as a substitute for

aluminum. Moreover, in order to reduce the parasitic capacitance, an insulating film
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having a low dielectric constant is employed as a material for an interlayer insulating film
and the like.

Copper is difficult to etch. Therefore, formation of an interconnect with copper is
made by a damascene process: a hole pattern and a trench configuration are formed in an
insulating film, after which the patterns are filled with copper.

In a chip of a semiconductor device, a trench configuration called a seal ring is
formed to protect transistors and interconnects provided in the chip against outside
moisture. The seal ring is formed to surround an area containing the transistors and the
interconnects. The seal ring is formed simultaneously with the etching for forming a hole
pattern (vias).

The hole pattern and the trench configuration serving as the seal ring are formed in
the following manner.

First, to form the hole pattern and the trench configuration, an interlayer insulating
film is halfway removed using photoresist as a mask. The reason why the removal is
stopped halfway is that if an interconnect layer located below the hole pattern and the
trench configuration is exposed therefrom during the removal, the interconnect layer
corrodes during subsequent ashing for removing the photoresist and subsequent polymer
removal. To avoid such a problem, ashing and polymer removal are performed with only
part of the thickness of the interlayer insulating film remaining. Thereafter, using the
resulting interlayer insulating film itself as a mask, the hole pattern and the trench
configuration are made to reach the interconnect layer.

However, the conventional semiconductor device has caused the following
problems.

Generally, during etching, the etching rate rises as the area of an opening increases.
In this device, the opening area of the trench is greater than that of the hole. Thus, when
the trench and the hole are formed at the same time by a single etching, the trench is

formed deeper. Therefore, it might be unable to stop etching of the trench halfway through
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the interlayer insulating film, resulting in exposure of metal of the interconnect layer
located therebelow. If the metal is exposed in this process, then the disadvantage arises
that the metal corrodes by subjecting itself to subsequent photoresist removal by ashing
and to subsequent polymer removal.

Such a disadvantage also arises when the interlayer insulating film is formed with
multiple types of hole patterns. Specifically, the hole patterns have different pattern
densities or the like, so that it is impossible, in forming the different hole patterns, to partly
remove the insulating film to form the hole patterns with a uniform depth. This causes the

disadvantage that the interconnect layer located below the hole patterns is exposed.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method for fabricating a
semiconductor device resistant to metal corrosion in an interconnect layer by taking
measures to prevent exposure of the interconnect layer during formation of a hole pattern
and a trench pattern.

A first semiconductor device of the present invention comprises: a semiconductor
substrate; a first insulating film provided over the semiconductor substrate; an interconnect
layer provided in at least an upper portion of the first insulating film; a second insulating
film provided on the first insulating film and the interconnect layer; a third insulating film
provided on the second insulating film; and at least one conductor contact portion passing
through the third insulating film and the second insulating film to reach the interconnect
layer. In this device, an upper portion of the interconnect layer is provided with a recess
and a portion of the second insulating film located on the interconnect layer has a greater
thickness than a portion thereof located on the first insulating film.

With this device, the portion of the second insulating film located on the
interconnect layer is formed thick. Therefore, in the step of partly removing the third

insulating film and the second insulating film to form the conductor contact portion, part of
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the second insulating film can be easily left on the interconnect layer, which makes it
difficult to expose the interconnect layer. The semiconductor surface in this condition can
be subjected to a process that may corrode metal, such as ashing or polymer removal.
Subsequently, the unremoved parts of the third insulating film and the second insulating
film can be removed to expose the interconnect layer, and a conductor for the conductor
contact portion can fill the removed portion. That is to say, a process that may corrode
metal can be carried out on the semiconductor surface with the interconnect layer not
exposed, whereby corrosion of the interconnect layer can be prevented.

On the other hands, all portions of the second insulating film but the portion located
on the interconnect layer are not formed thick. Therefore, the dielectric constant between
the layers can be kept constant.

The interconnect layer may comprise a first interconnect layer. The conductor
contact portion may comprise a first conductor contact portion. The device may further
comprise: a second interconnect layer provided in at least an upper portion of the first
insulating film; and a second conductor contact portion passing through the third insulating
film and the second insulating film to reach the second interconnect layer. A portion of the
second insulating film located on the first interconnect layer may have a greater thickness
than a portion thereof located on the second interconnect layer. In this case, even if the
third insulating film and the second insulating film are partly removed in order to form the
conductor contact portion, it can become difficult to expose the first interconnect layer
because the region of the second insulating film formed with the first conductor contact
portion is formed thick. As is the case where the area in which the first conductor contact
portion is formed is greater than the area in which the second conductor contact portion is
formed, when the third insulating film and the second insulating film are partly removed to
form the conductor contact portion, the region where the first conductor contact portion is
formed is removed deeper. Even in such a circumstance, it can become difficult to expose

the first interconnect layer.
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The first interconnect layer may have a greater width than the second interconnect
layer. In this case, the region where the first interconnect layer is formed has a higher area
ratio of conductor (metal) than the region where the second interconnect layer is formed.
Therefore, when chemical mechanical polishing or similar treatment is carried out on the
first interconnect layer and the second interconnect layer from above, the recess formed in
the upper portion of the first interconnect layer can be deepened by the metal area ratio
dependence of dishing.

As shown in Figs. 7A — 7F, a dummy interconnect layer may be formed beside the
first interconnect layer. In this case, the surrounding of the region where the first
interconnect layer is formed has a higher area ratio of conductor (metal) than the
surrounding of the region where the second interconnect layer is formed. Therefore, when
chemical mechanical polishing or similar treatment is carried out on the first interconnect
layer and the second interconnect layer from above, the recess formed in the upper portion
of the first interconnect layer can be deepened by the metal area ratio dependence of
dishing.

The first conductor contact portion may be of rectangular or strip-like plane, and
the second conductor contact portion may be of circular or square plane.

The first interconnect layer and the first conductor contact portion may constitute a
seal ring provided in ring shape. In this case, even though the first conductor contact
portion serving as the seal ring differs greatly in area from the second conductor contact
portion, the structure described above can prevent the first interconnect layer from being
exposed.

An element may be provided in the semiconductor substrate, and the interconnect
layer may be electrically connected to the element. In this case, when the third insulating
film and the second insulating film are partly removed in forming the conductor contact
portion, an error would arise in the depth to be removed. Even though such an error arises,

it can become difficult to expose the interconnect layer.
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The second insulating film is preferably an insulating film of silicon compound
containing carbon.

A second semiconductor device of the present invention comprises: a
semiconductor substrate; a first insulating film provided on the semiconductor substrate; an
interconnect layer provided in at least an upper portion of the first insulating film; an
oxidation-resistant conductor film covering the top of the interconnect layer; a second
insulating film provided on the first insulating film and the oxidation-resistant conductor
film; a third insulating film provided on the second insulating film; and at least one
conductor contact portion passing through the third insulating film and the second
insulating film to reach the oxidation-resistant conductor film.

With this device, even if, in the step of partly removing the third insulating film and
the second insulating film to form the conductor contact portion, treatment that may
corrode metal, such as ashing and polymer removal, is carried out on the semiconductor
surface with the oxidation-resistant conductor film exposed, corrosion of the interconnect
layer can be prevented. On the other hands, all portions of the second insulating film but
the portion located on the interconnect layer are not formed thick. Therefore, the dielectric
constant between the layers can be kept constant.

The oxidation-resistant conductor film may be a nitrogen introduced layer produced
by introducing nitrogen into an upper region of the interconnect layer.

The oxidation-resistant conductor film may be made of titanium nitride.

The interconnect layer comprises a first interconnect layer. The oxidation-resistant
conductor film comprises a first oxidation-resistant conductor film provided on the first
interconnect layer. The conductor contact portion comprises a first conductor contact
portion. The device comprises: a second interconnect layer provided in at least an upper
portion of the first insulating film; a second oxidation-resistant conductor film covering the
top of the second interconnect layer; and a second conductor contact portion passing

through the third insulating film and the second insulating film to reach the second
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oxidation-resistant conductor film. The first conductor contact portion has a greater upper
surface area than the second conductor contact portion. In this case, if the third insulating
film and the second insulating film are partly removed in forming these conductor contact
portions, the region where the first conductor contact portion is formed is removed deeper.
However, since the top of the first interconnect layer is covered with the oxidation resistant
film, corrosion of the first interconnect layer can be prevented even though the oxidation
resistant film is exposed.

The first conductor contact portion may be of rectangular or strip-like plane, and
the second conductor contact portion may be of circular or square plane.

The first interconnect layer and the first conductor contact portion may constitute a
seal ring provided in ring shape. In this case, even though the first conductor contact
portion serving as the seal ring differs greatly in area from the second conductor contact
portion, the structure described above can prevent the first interconnect layer from being
exposed.

An element may be provided in the semiconductor substrate, and the interconnect
layer may be electrically connected to the element. In this case, when the third insulating
film and the second insulating film are partly removed in forming the conductor contact
portion, an error would arise in the depth to be removed. Even though such an error arises,
it can become difficult to expose the interconnect layer.

The second insulating film is preferably an insulating film of silicon compound
containing carbon.

A first method for fabricating a semiconductor device according to the present
invention comprises: the step (a) of forming a first insulating film on a semiconductor
substrate; the step (b) of forming an interconnect layer in at least an upper portion of the
first insulating film; the step (c) of forming a recess in an upper portion of the interconnect
layer; the step (d) of forming, on the first insulating film and the interconnect layer, a

second insulating film filling the recess; the step (e) of planarizing an upper surface of the
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second insulating film; the step (f) of forming a third insulating film on the second
insulating film after the step (e); the step (g) of removing, using a photoresist as a mask,
portions of the third insulating film and the second insulating film located above the
interconnect layer so that the removed part does not reach the interconnect layer, thereby
leaving part of the second insulating film on the interconnect layer; and the step (h) of
removing the photoresist.

With this method, the portion of the second insulating film located on the
interconnect layer can be formed thick. Therefore, in the step (g), the state in which the
interconnect layer is not exposed can be kept more certainly. This prevents corrosion of
the interconnect layer even though treatment that may corrode metal, such as ashing, is
carried out after the step (g). On the other hands, all portions of the second insulating film
but the portion located on the interconnect layer are not formed thick. Therefore, in the
semiconductor device fabricated by the first method, the dielectric constant between the
layers can be kept constant.

In the step (c¢), the upper portion of the interconnect layer may be recessed by
chemical mechanical polishing, dry etching, or wet etching to form the recess. In this case,
in addition to the above effect, the effect of improving the adhesion between the first
insulating film and the second insulating film can be provided.

In the step (b), a first interconnect layer for a seal ring and a second interconnect
layer located in a region surrounded with the first interconnect layer may be formed as the
interconnect layer. In the step (c¢), the recess may be formed in at least an upper portion of
the first interconnect layer. In the step (g), portions of the third insulating film and the
second insulating film located above the first interconnect layer may be partly removed to
form a trench for the seal ring, and portions of the third insulating film and the second
insulating film located above the second interconnect layer may be partly removed to form
a hole. Since, in this case, the opening area of the trench is greater than that of the hole,

the trench is formed to have a greater depth than the hole in the step (g). However, the
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region of the second insulating film to be formed with the trench is formed thick, whereby
it can become difficult to expose the first interconnect layer.

In the step (b), the first interconnect layer may be formed to have a greater width
than the second interconnect layer. In this case, the region where the first interconnect
layer is formed has a higher area ratio of conductor (metal) than the region where the
second interconnect layer is formed. Therefore, when, in the step (c), chemical mechanical
polishing or similar treatment is carried out on the first interconnect layer and the second
interconnect layer from above, the recess formed in the upper portion of the first
interconnect layer can be deepened by the metal area ratio dependence of dishing.

In the step (b), a dummy interconnect layer may be formed beside the first
interconnect layer. In this case, the surrounding of the region where the first interconnect
layer is formed has a higher area ratio of conductor (metal) than the surrounding of the
region where the second interconnect layer is formed. Therefore, when, in the step (c),
chemical mechanical polishing or similar treatment is carried out on the first interconnect
layer and the second interconnect layer from above, the recess formed in the upper portion
of the first interconnect layer can be deepened by the metal area ratio dependence of
dishing.

The first method may further comprise, prior to the step (a), the step (i) of forming
an element in the semiconductor substrate. In the step (b), the interconnect layer may be
formed to be electrically connectable to the element. In this case, even though an error in
the depth to be removed arises in the step (g), it can become difficult to expose the
interconnect layer.

A second method for fabricating a semiconductor device according to the present
invention comprises: the step (a) of forming a first insulating film on a semiconductor
substrate; the step (b) of forming an interconnect layer in at least an upper portion of the
first insulating film; the step (c) of forming an oxidation-resistant conductor film covering

the top of the interconnect layer; the step (d) of forming a second insulating film on the
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first insulating film and the oxidation-resistant conductor film; the step (e) of forming a
third insulating film on the second insulating film; the step (f) of removing, using a
photoresist as a mask, portions of the third insulating film and the second insulating film
located above the interconnect layer; and the step (g) of removing the photoresist.

With this method, the oxidation-resistant conductor film can cover the top of the
interconnect layer. Therefore, in the step (f), even if treatment that may corrode metal,
such as ashing, is carried out after exposure of the oxidation-resistant conductor film,
corrosion of the interconnect layer can be prevented. On the other hands, all portions of
the second insulating film but the portion located on the interconnect layer are not formed
thick. Therefore, in the semiconductor device fabricated by the second method, the
dielectric constant between the layers can be kept constant.

In the step (c), plasma treatment, wet treatment, or ion implantation may be
performed to introduce nitrogen into an upper portion of the interconnect layer, thereby
forming the oxidation-resistant conductor film.

In the step (c¢), a film containing nitrogen may be deposited, as the oxidation-
resistant conductor film, on the interconnect layer.

In the step (b), a first interconnect layer for a seal ring and a second interconnect
layer located in a region surrounded with the first interconnect layer may be formed as the
interconnect layer. In the step (c), an oxidation-resistant conductor film may be formed on
the first interconnect layer and the second interconnect layer. In the step (f), portions of the
third insulating film and the second insulating film located above the first interconnect
layer may be partly removed to form a trench for the seal ring, and portions of the third
insulating film and the second insulating film located above the second interconnect layer
may be partly removed to form a hole. Since, in this case, the opening area of the trench is
greater than that of the hole, the trench is formed to have a greater depth than the hole in
the step (f). However, the region of the second insulating film to be formed with the trench

is formed thick, whereby it can become difficult to expose the first interconnect layer.

10
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The second method may further comprise, prior to the step (a), the step (h) of
forming an element in the semiconductor substrate, and in the step (b), the interconnect
layer may be formed to be electrically connectable to the element. In this case, even
though an error in the depth to be removed arises in the step (f), it can become difficult to

expose the interconnect layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1F are sectional views showing a semiconductor device fabrication
method according to a first embodiment.

FIGS. 2A to 2F are sectional views showing a semiconductor device fabrication
method according to a second embodiment.

FIGS. 3A to 3E are sectional views showing a semiconductor device fabrication
method according to a third embodiment.

FIGS. 4A to 4E are sectional views showing a semiconductor device fabrication
method according to a fourth embodiment.

FIGS. 5A to SF are sectional views showing a fabrication method of an
interconnect region of a semiconductor device according to a fifth embodiment.

FIGS. 6A to 6E are planar views of the first metal interconnect, the hole-contact

portion, the second metal interconnect, and the trench-contact portion of embodiments 1-4.

FIGS. 7A to 7F are views showing a method of forming a semiconductor device
including dummy interconnects 213 (213a and 213b), and 313 (313a and 313b), which are

formed adjacent the first interconnect layer 113 (113a and 113b).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a first

11
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embodiment of the present invention will be described with reference to FIGS. 1A to 1F.
FIGS. 1A to 1F are sectional views showing the semiconductor device fabrication method
of the first embodiment. Note that FIGS. 1A to 1F show an interconnect formation region
R1 and a seal ring region R2 for protecting the interconnect formation region R1 against
outside moisture. The seal ring region R2 surrounds the sides of the interconnect
formation region R1.

First, in the step shown in FIG 1A, a first insulating film 101 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 101, a photoresist (not shown) having openings in interconnect trace
formation positions is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 101 to form
interconnect grooves 108 and 109 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum
and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 102 consisting of a conductor
surface film 102a and a metal interconnect film 102b. The conductor surface film 102a
covers the inside surface of the interconnect groove 108, and the metal interconnect film
102b fills the interconnect groove 108 with the conductor surface film 102a interposed
between the first insulating film 101 and the metal interconnect film 102b. During this
formation, in the seal ring region R2, a second metal interconnect 103 is formed which
consists of a conductor surface film 103a and a metal interconnect film 103b.

In the step shown in FIG 1B, by chemical mechanical polishing or selective metal
etching with nitric acid or the like, the upper portions of the first metal interconnect 102
and the second metal interconnect 103 are recessed to form recessed shapes (recesses 110)
having depths of about 20 to 40 nm.

Next, in the step shown in FIG 1C, on the substrate, a second insulating film 104 is

12
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deposited which is made of a silicon carbon nitride film with a thickness of 100 to 150 nm
and which fills the recess 110. In this deposition, as the material for the second insulating
film 104, use may be made of a silicon nitride film, a silicon carbide film, a silicon
oxycarbide film, or the like. Also, a structure made by stacking the listed films may be
formed as the second insulating film 104.

At the time of this deposition, depressions affected by the recess shapes of the first
metal interconnect 102 and the second metal interconnect 103 are created in the upper
surface of the second insulating film 104.

Then, in the step shown in FIG. 1D, chemical mechanical polishing, wet etching
with sulfuric acid, nitric acid, or the like or etch back is performed to planarize the upper
surface of the second insulating film 104. By this planarization, portions of the second
insulating film 104 located on the first metal interconnect 102 and the second metal
interconnect 103 have thicknesses of about 70 to 90 nm and the remaining portions thereof
have a thickness of 50 nm.

In the step shown in FIG 1E, a third insulating film 105 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 105, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 105.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 105. Then, dry etching is performed using the photoresist as a mask to
form a hole (through hole) 106 in the interconnect formation region R1 and a trench 107 in
the seal ring region R2. This dry etching is performed so that the hole 106 and the trench
107 extend halfway through the second insulating film 104. Since, in this etching, the
opening area of the trench 107 is greater than that of the hole 106, the trench 107 is etched

deeper. Thereafter, the photoresist is removed by ashing, and polymers created during wet
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etching and dry etching are removed.

In the step shown in FIG 1F, the remaining portions of the second insulating film
104 within the hole and trench are etched, whereby the hole 106 and the trench 107 reach
the first metal interconnect 102 and the second metal interconnect 103, respectively. The
resulting hole and trench are filled with a conductor to form a hole-contact portion 106’
made of conductor (referred hereinafter to as a conductor hole-contact portion) in circular
or square plane and a trench-contact portion 107’ of conductor (referred hereinafter to as a
conductor trench-contact portion) in ring shape. This step is performed after completion of
processes that may corrode metal, such as ashing and polymer removal.

With reference to FIG 1F again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the first
embodiment.

As shown in FIG 1F, the semiconductor device of the first embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 102, and the seal ring region R2 is provided with the
second metal interconnect 103. The first metal interconnect 102 includes the conductor
surface film 102a covering the surface of the interconnect groove 108 and the metal
interconnect film 102b covering the conductor surface film 102a. Likewise, the second
metal interconnect 103 includes the conductor surface film 103a covering the surface of
the interconnect groove 109 and the metal interconnect film 103b provided on the
conductor surface film 103a. The upper portions of the first metal interconnect 102 and
the second metal interconnect 103 are recessed to form the recesses 110.

The second insulating film 104 is provided on the first insulating film 101, the first
metal interconnect 102 and the second metal interconnect 103. The second insulating film
104 fills the recess 110, so that in the second insulating film 104, the portions thereof

located on the first metal interconnect 102 and the second metal interconnect 103 are
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formed thicker than the other portions thereof. The upper surface of the second insulating
film 104 is planarized.

The third insulating film 105 is provided on the second insulating film 104. The
interconnect formation region R1 is provided with the conductor hole-contact portion 106’
passing through the third insulating film 105 and the second insulating film 104. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 107”. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
103 and the conductor trench-contact portion 107’ is provided to surround the first metal
interconnect 102 and the conductor hole-contact portion 106’ in the interconnect formation
region R1.

The effects obtained by the first embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surfaces of the first metal interconnect and the
second metal interconnect remain flat, and the second insulating film with a uniform
thickness is formed on the first metal interconnect and the second metal interconnect. By
such a structure, when the hole and the trench are formed, the trench might pass through
the second insulating film to expose the second metal interconnect.

In contrast to this, in the first embodiment, only the portions of the second
insulating film 104 located on the first metal interconnect 102 and the second metal
interconnect 103 can be formed thick. This prevents the trench 107 from reaching the
second metal interconnect 103. Therefore, even if ashing and polymer removal are
performed on the semiconductor surface, the first metal interconnect 102 will not corrode.
On the other hands, the portion of the second insulating film 104 located on the first
insulating film 101 is not formed thick. Therefore, the dielectric constant between the
layers can be kept constant.

Moreover, chemical mechanical polishing or selective etching is performed to

recess the upper surfaces of the first metal interconnect 102 and the second metal
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interconnect 103. This improves the adhesion between the first insulating film 101 and the
second insulating film 104.

In the first embodiment, by chemical mechanical polishing or the like, the recessed
shapes are formed in the upper portions of the first metal interconnect 102 and the second
metal interconnect 103. However, in the present invention, the recessed shape may be
formed by utilizing the property of copper in which copper is compressed by heat added
thereto. To be more specific, in the step shown in FIG 1A, the first metal interconnect 102
and the second metal interconnect 103 are formed and then heat treatment is performed at
200 to 500°C. This compresses the metal interconnect films 102b and 103b made of
copper to form recesses in the upper portions of the first metal interconnect 102 and the
second metal interconnect 103. Also by this procedure, the same effects as those described

above can be obtained.

(Second Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a second
embodiment of the present invention will be described with reference to FIGS. 2A to 2F.
FIGS. 2A to 2F are sectional views showing the semiconductor device fabrication method
of the second embodiment. Note that FIGS. 2A to 2F show an interconnect formation
region R1 and a seal ring region R2 for protecting the interconnect formation region R1
against outside moisture. The seal ring region R2 surrounds the sides of the interconnect
formation region R1.

First, in the step shown in FIG 2A, a first insulating film 111 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 111, a photoresist (not shown) having openings in a metal interconnect trace
formation region is formed by photolithography. The formed photoresist is used as a mask
to perform dry etching, thereby forming an interconnect groove 118 in the interconnect

formation region R1 and an interconnect groove 119 in the seal ring formation region R2.
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In this etching, the width of the interconnect groove 119 is made greater than that of the
interconnect groove 118. To be more specific, when the interconnect groove 118 has a
width smaller than 2 um, the interconnect groove 119 has a width of 2 um or greater.

Thereafter, the photoresist is removed, and then a 30 nm-thick stacked film (not
shown) of tantalum nitride and tantalum and a 1000 nm-thick copper film (not shown) are
formed above the substrate. The copper film and the stacked film are polished using
chemical mechanical polishing to form, in the interconnect formation region R1, a first
metal interconnect 112 having a width of 2 um or greater and consisting of a conductor
surface film 112a and a metal interconnect film 112b. The conductor surface film 112a
covers the inside surface of the interconnect groove 118, and the metal interconnect film
112b fills the interconnect groove 118 with the conductor surface film 112a interposed
between the first insulating film 111 and the metal interconnect film 112b. During this
formation, in the seal ring region R2, a second metal interconnect 113 with a width of 2
um or greater is formed which consists of a conductor surface film 113a and a metal
interconnect film 113b.

In the step shown in FIG 2B, chemical mechanical polishing is performed. In this
step, the upper portion of the second metal interconnect 113 is recessed by utilizing the
metal area ratio dependence of dishing. Details of this step are as follows. If a substrate
with metal embedded therein is subjected to chemical mechanical polishing, the depth to
which the metal is removed tends to be greater as the percentage of metal contained in the
region to be removed rises. In the second embodiment, the second metal interconnect 113
is formed to have a greater width than the first metal interconnect 112. In other words, the
region where the second metal interconnect 113 is formed has a higher ratio of metal per
unit area. This allows the upper portion of the second metal interconnect 113 to be
recessed deeper than the other regions.

As a substitute for the method in which the depth of the second metal interconnect

113 is made greater than that of the first metal interconnect 112, the percentage of metal
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content per unit area may be raised by forming a dummy pattern around the second metal
interconnect 113.

Next, in the step shown in FIG 2C, a second insulating film 114 made of a silicon
carbon nitride film is deposited on the first insulating film 111, the first metal interconnect
112 and the second metal interconnect 113. In this deposition, as the material for the
second insulating film 114, use may be made of a silicon nitride film, a silicon oxide film,
a silicon oxycarbide film, or the like. Also, a structure made by stacking the listed films
may be formed as the second insulating film 114.

At the time of this deposition, a depression affected by the recess shape of the
second metal interconnect 113 is created in the upper portion of the second insulating film
114.

Then, in the step shown in FIG 2D, chemical mechanical polishing, wet etching, or
etch back is performed to planarize the second insulating film 114.

In the step shown in FIG 2E, a third insulating film 115 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 115, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 115.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 115. Then, dry etching is performed using the photoresist as a mask to form
a hole 116 in the interconnect formation region R1 and a trench 117 in the seal ring region
R2. This dry etching is performed so that the trench 117 extends halfway through the
second insulating film 114. Since, in this etching, the opening area of the trench 117 is
greater than that of the hole 116, the trench 117 is etched deeper. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching

are removed.
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In the step shown in FIG 2F, the remaining portions of the second insulating film
114 within the hole and trench are removed, whereby the hole 116 and the trench 117 reach
the first metal interconnect 112 and the second metal interconnect 113, respectively. The
resulting hole and trench are filled with a conductor to form a conductor hole-contact
portion 116’ in circular or square plane and a conductor trench-contact portion 117’ in ring
shape. This step is performed after completion of processes that may corrode metal, such
as ashing and polymer removal.

With reference to FIG 2F again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the second
embodiment.

As shown in FIG: 2F, the semiconductor device of the second embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 112, and the seal ring region R2 is provided with the
second metal interconnect 113. The second metal interconnect 113 is formed to have a
greater width than the first metal interconnect 112.

The first metal interconnect 112 includes the conductor surface film 112a covering
the surface of the interconnect groove 118 and the metal interconnect film 112b covering
the conductor surface film 112a. Likewise, the second metal interconnect 113 includes the
conductor surface film 113a covering the surface of the interconnect groove 119 and the
metal interconnect film 113b provided on the conductor surface film 113a. The upper
portion of the second metal interconnect 113 is recessed to form a recess 120.

The second insulating film 114 is provided on the first insulating film 111, the first
metal interconnect 112 and the second metal interconnect 113. The second insulating film
114 fills the recess 120, so that in the second insulating film 114, the portion thereof
located on the second metal interconnect 113 is formed thicker than the other portions

thereof. The upper surface of the second insulating film 114 is planarized.
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The third insulating film 115 is provided on the second insulating film 114. The
interconnect formation region R1 is provided with the conductor hole-contact portion 116’
passing through the third insulating film 115 and the second insulating film 114. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 117”. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
113 and the conductor trench-contact portion 117’ is provided to surround the first metal
interconnect 112 and the conductor hole-contact portion 116’ in the interconnect formation
region R1.

The effects obtained by the second embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surface of the second metal interconnect
remains flat, and the second insulating film with a uniform thickness is formed on the
second metal interconnect. By such a structure, when the hole and the trench are formed,
the trench might pass through the second insulating film to expose the second metal
interconnect.

In contrast to this, in the second embodiment, only the portion of the second
insulating film 114 located on the second metal interconnect 113 can be formed thick
without increasing the number of fabrication steps of the device. This prevents the trench
117 from reaching the second metal interconnect 113. Therefore, even if ashing and
polymer removal are performed on the semiconductor surface, the first metal interconnect
will not corrode. On the other hands, the portion of the second insulating film 114 located
on the first insulating film 111 is not formed thick. Therefore, the dielectric constant
between the layers can be kept constant.

Moreover, chemical mechanical polishing or etching is performed to recess the
upper portion of the second metal interconnect 113. This improves the adhesion between
the first insulating film 111 and the second insulating film 114.

In the second embodiment, the recessed shape is formed by utilizing the metal area
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ratio dependence of dishing. However, it may be formed by etching utilizing the pattern
density dependence. Alternatively, in the step shown in FIG 2B in the present invention,
the recessed shape may be formed in the upper portion of the second metal interconnect
113 by performing etching with a photoresist or the like covering all the region but the
second metal interconnect 113. In this case, the same effects as those described above can
be obtained except that the number of fabrication steps of the device increases.

In the second embodiment, in performing chemical mechanical polishing in the step
shown in FIG 2B, slurry with high solubility, such as hydrogen peroxide, may be used.
This raises the polishing rate of metal, which allows the second metal interconnect 113 to

be recessed deeper.

(Third Embodiment)

A method for fabricating a semiconductor device according to a third embodiment
of the present invention will be described with reference to FIGS. 3A to 3E. FIGS. 3A to
3E are sectional views showing the semiconductor device fabrication steps of the third
embodiment. Note that FIGS. 3A to 3E show an interconnect formation region R1 and a
seal ring region R2 for protecting the interconnect formation region R1 against outside
moisture. The seal ring region R2 surrounds the sides of the interconnect formation region
R1.

First, in the step shown in FIG 3A, a first insulating film 121 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 121, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 121 to form
interconnect grooves 128 and 129 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum

and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
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film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 122 consisting of a conductor
surface film 122a and a metal interconnect film 122b. The conductor surface film 122a
covers the inside surface of the interconnect groove 128, and the metal interconnect film
122b fills the interconnect groove 128 with the conductor surface film 122a interposed
between the first insulating film 121 and the metal interconnect film 122b. During this
formation, in the seal ring region R2, a second metal interconnect 123 is formed which
consists of a conductor surface film 123a and a metal interconnect film 123b.

In the step shown in FIG 3B, plasma treatment using a gas containing nitrogen, wet
treatment using ammonia, benzotriazole (BTA), or quinaldic acid, or ion implantation is
performed to supply nitrogen to the upper portions of the first metal interconnect 122 and
the second metal interconnect 123. This alters the upper portions of the first metal
interconnect 122 and the second metal interconnect 123 into an oxidation resistant film 130.
Simultaneously, this step can improve the adhesion between the first insulating film 121
and a second insulating film 124 that will be formed in a subsequent step.

Next, in the step shown in FIG 3C, the second insulating film 124 made of a
silicon carbon nitride film is deposited on the first insulating film 121 and the oxidation
resistant film 130. In this deposition, as the material for the second insulating film 124,
use may be made of a silicon nitride film, a silicon carbide film, a silicon oxycarbide film,
or the like. Also, a structure made by stacking the listed films may be formed as the
second insulating film 124.

In the step shown in FIG 3D, a third insulating film 125 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 125, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 125.

Subsequently to this, by photolithography, a photoresist (not shown) having
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openings in a hole formation region and a trench formation region is formed on the third
insulating film 125. Then, dry etching is performed using the photoresist as a mask to
form a hole 126 in the interconnect formation region R1 and a trench 127 in the seal ring
region R2. This dry etching may be performed either so that the trench 127 extends only
halfway through the second insulating film 124 or so that the trench 127 passes through the
second insulating film 124 to reach the oxidation resistant film 130. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching
are removed.

In the step shown in FIG 3E, the remaining portions of the second insulating film
124 within the hole and trench are removed, whereby the hole 126 and the trench 127
reach the oxidation resistant film 130. The resulting hole and trench are filled with a
conductor to form a conductor hole-contact portion 126’ in circular or square plane and a
conductor trench-contact portion 127’ in ring shape.

With reference to FIG 3E again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the third
embodiment.

As shown in FIG 3E, the semiconductor device of the third embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 122, and the seal ring region R2 is provided with the
second metal interconnect 123. The first metal interconnect 122 includes the conductor
surface film 122a covering the surface of the interconnect groove 128 and the metal
interconnect film 122b covering the conductor surface film 122a. Likewise, the second
metal interconnect 123 includes the conductor surface film 123a covering the surface of
the interconnect groove 129 and the metal interconnect film 123b provided on the
conductor surface film 123a. The upper portions of the metal interconnect films 122b and

123b contain nitrogen and thus are formed into the oxidation resistant film 130.
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The second insulating film 124 is provided on the first insulating film 121, the first
metal interconnect 122 and the second metal interconnect 123. The third insulating film
125 is provided on the second insulating film 124. The interconnect formation region R1
is provided with the conductor hole-contact portion 126° passing through the third
insulating film 125 and the second insulating film 124. Likewise, the seal ring region R2
is formed with the conductor trench-contact portion 127°. Thus, in the seal ring region R2,
the seal ring in ring shape formed of the second metal interconnect 123 and the conductor
trench-contact portion 127’ is provided to surround the first metal interconnect 122 and the
conductor hole-contact portion 126’ in the interconnect formation region R1.

The effects obtained by the third embodiment will be described below in
comparison with the conventional device.

In the conventional device, if a trench reaches the second metal interconnect during
formation of the hole pattern and the trench pattern, then the second metal interconnect
corrodes in subsequent ashing and polymer removal.

In contrast to this, in the third embodiment, the upper portion of the second metal
interconnect 123 is altered into the oxidation resistant film 130. Therefore, even if ashing
and polymer removal are performed in the state in which the trench 127 reaches the second
metal interconnect 123, the upper portion of the second metal interconnect 123 will not
corrode. On the other hands, the portion of the second insulating film 124 located on the
first insulating film 121 is not formed thick. Therefore, the dielectric constant between the
layers can be kept constant.

Moreover, the upper portions of the first metal interconnect 122 and the second
metal interconnect 123 are made to contain nitrogen, which also provides the advantage
that the etching resistance in the formation of the hole 126 and the trench 127 is improved.

In the step shown in FIG 3D, in the case where the hole 126 and the trench 127
reach the oxidation resistant film 130, the later step of removing portions of the second

insulating film 124 remaining between the oxidation resistant film 130 and each of the hole
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126 and the trench 127 can be advantageously omitted.

(Fourth Embodiment)

A method for fabricating a semiconductor device according to a fourth embodiment
of the present invention will be described with reference to FIGS. 4A to 4E. FIGS. 4A to
4E are sectional views showing the semiconductor device fabrication steps of the fourth
embodiment. Note that FIGS. 4A to 4E show an interconnect formation region R1 and a
seal ring region R2 for protecting the interconnect formation region R1 against outside
moisture. The seal ring region R2 surrounds the sides of the interconnect formation region
R1.

First, in the step shown in FIG 4A, a first insulating film 131 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 131, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 131 to form
interconnect grooves 138 and 139 with a depth of 250 nm. Thereafter, the photoresist is
removed, and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum
and a 1000 nm-thick copper film (not shown) are formed above the substrate. The copper
film and the stacked film are polished using chemical mechanical polishing to form, in the
interconnect formation region R1, a first metal interconnect 132 consisting of a conductor
surface film 132a and a metal interconnect film 132b. The conductor surface film 132a
covers the inside surface of the interconnect groove 138, and the metal interconnect film
132b fills the interconnect groove 138 with the conductor surface film 132a interposed
between the first insulating film 131 and the metal interconnect film 132b. During this
formation, in the seal ring region R2, a second metal interconnect 133 is formed which
consists of a conductor surface film 133a and a metal interconnect film 133b.

In the step shown in FIG 4B, an oxidation-resistant metal film 140 is selectively
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deposited on the first metal interconnect 132 and the second metal interconnect 133. An
exemplary material for the metal film 140 is titanium nitride (TiN).

Next, in the step shown in FIG 4C, a second insulating film 134 made of a silicon
carbon nitride film is deposited on the first insulating film 131 and the metal film 140. In
this deposition, as the material for the second insulating film 134, use may be made of a
silicon nitride film, a silicon carbide film, a silicon oxycarbide film, or the like. Also, a
structure made by stacking the listed films may be formed as the second insulating film
134. Subsequently to the deposition, chemical mechanical polishing, wet etching, or etch
back is performed to planarize the second insulating film 134.

In the step shown in FIG 4D, a third insulating film 135 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 135, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 135.

Subsequently to this, by photolithography, a photoresist (not shown) having
openings in a hole formation region and a trench formation region is formed on the third
insulating film 135. Then, dry etching is performed using the photoresist as a mask to
form a hole 136 in the interconnect formation region R1 and a trench 137 in the seal ring
region R2. This dry etching may be performed either so that the trench 137 extends only
halfway through the second insulating film 134 or so that the trench 137 passes through the
second insulating film 134 to reach the metal film 140. Thereafter, the photoresist is
removed by ashing, and polymers created during wet etching and dry etching are removed.

In the step shown in FIG 4E, the remaining portions of the second insulating film
134 within the hole and trench are removed, whereby the hole 136 and the trench 137
reach the first metal interconnect 132 and the second metal interconnect 133, respectively.
The resulting hole and trench are filled with a conductor to form a conductor hole-contact

portion 136’ in circular or square plane and a conductor trench-contact portion 137’ in ring

26

TSMC EX1003 p. 200



10

15

20

25

Substitute Specification
Clean Copy

shape.

With reference to FIG 4E again, next description will now be made of the structure
of the interconnect and the seal ring of the semiconductor device according to the fourth
embodiment.

As shown in FIG. 4E, the semiconductor device of the fourth embodiment includes
the interconnect formation region R1 and the seal ring region R2 surrounding the sides of
the interconnect formation region R1. The interconnect formation region R1 is provided
with the first metal interconnect 132, and the seal ring region R2 is provided with the
second metal interconnect 133. The first metal interconnect 132 includes the conductor
surface film 132a covering the surface of the interconnect groove 138 and the metal
interconnect film 132b covering the conductor surface film 132a. Likewise, the second
metal interconnect 133 includes the conductor surface film 133a covering the surface of
the interconnect groove 139 and the metal interconnect film 133b provided on the
conductor surface film 133a.

The oxidation-resistant metal film 140 made of, for example, titanium nitride is
provided on the first metal interconnect 132 and the second metal interconnect 133. The
second insulating film 134 is provided on the first insulating film 131 and the metal film
140. The third insulating film 135 is provided on the second insulating film 134. The
interconnect formation region R1 is provided with the conductor hole-contact portion 136’
passing through the third insulating film 135 and the second insulating film 134. Likewise,
the seal ring region R2 is formed with the conductor trench-contact portion 137”. Thus, in
the seal ring region R2, the seal ring in ring shape formed of the second metal interconnect
133 and the conductor trench-contact portion 137’ is provided to surround the first metal
interconnect 132 and the conductor hole-contact portion 136’ in the interconnect formation
region R1.

In the fourth embodiment, the metal film 140 resistant to oxidation covers the top

of the second metal interconnect 133. Therefore, even if ashing and polymer removal are
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performed in the state in which the trench 137 reaches the metal film 140, the upper
portion of the second metal interconnect 133 will not corrode. On the other hands, the
portion of the second insulating film 134 located on the first insulating film 131 is not
formed thick. Therefore, the dielectric constant between the layers can be kept constant.
Moreover, the upper portions of the first metal interconnect 132 and the second
metal interconnect 133 are formed with the metal film 140 resistant to oxidation, which
also provides the advantage that the etching resistance in the formation of the hole 136 and

the trench 137 is improved.

(Fifth Embodiment)

Hereinafter, a method for fabricating a semiconductor device according to a fifth
embodiment of the present invention will be described with reference to FIGS. SA to SF.
FIGS. 5A to SF are sectional views showing a method for fabricating an interconnect
region of a semiconductor device according to the fifth embodiment. The foregoing first to
fourth embodiments have shown the case where a difference in depth arises between the
hole in the interconnect region and the trench in the seal ring region. On the other hands,
the fifth embodiment shows the case where in forming a number of hole patterns in the
interconnect region, a difference in depth arises among the hole patterns.

First, in the step shown in FIG 5A, a first insulating film 141 of a silicon oxide film
having a thickness of 500 nm is formed on a silicon substrate (not shown). On the first
insulating film 141, a photoresist (not shown) having openings in a metal interconnect
trace formation region is formed by photolithography. The formed photoresist is used as a
mask to perform dry etching, thereby removing part of the first insulating film 141 to form
an interconnect groove 148 with a depth of 250 nm. Thereafter, the photoresist is removed,
and then a 30 nm-thick stacked film (not shown) of tantalum nitride and tantalum and a
1000 nm-thick copper film (not shown) are formed above the substrate. The copper film

and the stacked film are polished using chemical mechanical polishing to form a metal
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interconnect 142 consisting of a conductor surface film 142a and a metal interconnect film
142b. The conductor surface film 142a covers the inside surface of the interconnect
groove 148, and the metal interconnect film 142b fills the interconnect groove 148 with the
conductor surface film 142a interposed between the insulating film 141 and the metal
interconnect film 142b.

In the step shown in FIG 5B, by chemical mechanical polishing or selective metal
etching with nitric acid or the like, the upper portion of the metal interconnect 142 is
recessed to form a recessed shape (recess 150) having a depth of about 20 to 40 nm.

Next, in the step shown in FIG SC, on the substrate, a second insulating film 144 is
deposited which is made of a silicon carbon nitride film with a thickness of 100 to 150 nm
and which fills the recess 150. In this deposition, as the material for the second insulating
film 144, use may be made of a silicon nitride film, a silicon carbide film, a silicon
oxycarbide film, or the like. Also, a structure made by stacking the listed films may be
formed as the second insulating film 144.

At the time of this deposition, a depression affected by the recess shape of the metal
interconnect 142 is created in the top of the second insulating film 144.

Then, in the step shown in FIG 5D, chemical mechanical polishing, wet etching or
etch back is performed to planarize the upper surface of the second insulating film 144. By
this planarization, a portion of the second insulating film 144 located on the metal
interconnect 142 has a thickness of about 70 to 90 nm and the remaining portions thereof
have a thickness of 50 nm.

In the step shown in FIG SE, a third insulating film 145 made of a carbon-
containing silicon oxide film is deposited above the substrate. In this deposition, as the
third insulating film 145, use may be made of an FSG (fluorinated silicate glass) film, a
BPSG (boron phosphorus silicate glass) film, or a porous film. Also, a structure made by
stacking the listed films may be used as the third insulating film 145.

Subsequently to this, by photolithography, a photoresist (not shown) having
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openings in a hole formation region is formed on the third insulating film 145. Then, dry
etching is performed using the photoresist as a mask to form holes 146. This dry etching is
performed so that the holes 146 extend halfway through the second insulating film 144. At
the time of completion of this etching, respective holes 146 of multiple hole patterns have
different depths due to influences of the pattern density or the like. Thereafter, the
photoresist is removed by ashing, and polymers created during wet etching and dry etching
are removed.

In the step shown in FIG 5F, the remaining portions of the second insulating film
144 within the holes are removed, whereby the holes 146 reach the metal interconnect 142.
The resulting holes are filled with a conductor to form conductor hole-contact portions
146’ in circular or square plane. This step is performed after completion of processes that
may corrode metal, such as ashing and polymer removal.

With reference to FIG SF again, next description will now be made of the structure
of the interconnect and the conductor hole-contact portion of the semiconductor device
according to the fifth embodiment.

As shown in FIG SF, in the semiconductor device of the fifth embodiment, the
metal interconnect 142 which includes the conductor surface film 142a and the metal
interconnect film 142b covering the top of the conductor surface film 142a is provided in
the first insulating film 141. The upper portion of the metal interconnect 142 is recessed to
form the recess 150.

The second insulating film 144 is provided on the first insulating film 141 and the
metal interconnect 142. The second insulating film 144 fills the recess 150, so that in the
second insulating film 144, the portion thereof located on the metal interconnect 142 is
formed thicker than the other portions thereof. The upper surface of the second insulating
film 144 is planarized.

The third insulating film 145 is provided on the second insulating film 144. Further,

the conductor hole-contact portion 146’ is provided which passes through the third
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insulating film 145 and the second insulating film 144.

The effects obtained by the fifth embodiment will be described below in
comparison with the conventional device.

In the conventional device, the upper surface of the metal interconnect remains flat,
and the second insulating film and the third insulating film are formed on the metal
interconnect. If multiple types of hole patterns are formed in such a structure, the formed
hole patterns have different hole depths due to nonuniform pattern densities or fabrication
process variations. This might cause some of the hole patterns to pass through the second
insulating film to reach the metal interconnect. Such a possibility increases particularly in
the case where a number of hole patterns are formed in the device.

In contrast to this, in the fifth embodiment, only the portion of the second
insulating film 144 located on the metal interconnect 142 can be formed thick. This
prevents the holes 146 from reaching the metal interconnect 142. Therefore, even if ashing
and polymer removal are performed on the semiconductor surface, the metal interconnect
142 will not corrode. On the other hands, the portion of the second insulating film 144
located on the first insulating film 141 is not formed thick. Therefore, the dielectric
constant between the layers can be kept constant.

Moreover, chemical mechanical polishing or selective etching is performed to
recess the upper surface of the metal interconnect 142. This improves the adhesion
between the first insulating film 141 and the second insulating film 144.

The fifth embodiment is composed by applying the method of the first embodiment
to the case where multiple types of hole patterns are formed in an interconnect region.
However, in the present invention, methods of the third and fourth embodiments can also
be applied to that case.

In the first to fourth embodiments, description has been made of the case where the
conductor trench-contact portion is formed in ring shape to use the portion as the seal ring.

Alternatively, the portion may be formed in rectangular shape or strip shape to use the
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portion as part of an electrode.
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