UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto g0V
APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE
15/477,506 04/03/2017 Boyan Boyanov P38794USDC 111548-227293
CONFIRMATION NO. 2892
31817 POWER OF ATTORNEY NOTICE
SCHWABE, WILLIAMSON & WYATT, P.C.

1211 SW 5th Avenue, Suite 1600

e
Portland, OR 97204

Date Mailed: 01/21/2022

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/14/2022.
» The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. 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.

/tmwilliams/
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

[ APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE
15/477,506 04/03/2017 Boyan Boyanov D0480-PA-13290-US-03
CONFIRMATION NO. 2892
164 POA ACCEPTANCE LETTER
KINNEY & LANGE, P.A.
312 SOUTH THIRD STREET 0 G
000000131237709

MINNEAPOLIS, MN 55415-1002
Date Mailed: 01/21/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/14/2022.

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.

/tmwilliams/
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Doc Code: PA..

Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 03/31/2021. OMB 0651-0035
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.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 15/477,506

Filing Date

April 3, 2017

First Named Inventor

Boyan Boyanov

Title

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

Art Unit

2898

Examiner Name

Joseph M. Galvin, Il

Attorney Docket Number | D0480-PA-13290-US-03

SIGNATURE of Applicant or Patent Practitioner

Signature

/lan D. MacKinnon/

Date (Optional)

January 14, 2022

Name

lan D. MacKinnon

Registration
Number

34,660

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 44748743
Application Number: 15477506
International Application Number:
Confirmation Number: 2892

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan Boyanov

Customer Number:

31817

Filer:

lan David MacKinnon

Filer Authorized By:

Attorney Docket Number:

P38794USDC 111548-227293

Receipt Date: 14-JAN-2022
Filing Date: 03-APR-2017
Time Stamp: 13:09:36

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B){tes)/ Multl' ‘Pages
Number Message Digest | Part/.zip| (ifappl.)
1255628
2022-01-14_POA_D0480-
1 Power of Attorney e no 2
PA_1 3290_US_O3pdf 3452739b566ccfe2e15c8e49c6804a5c00d7]
3bdc
Warnings:
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Information:

Total Files Size (in bytes)# 1255628

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 applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES 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.
15/477,506 10/15/2019 10446493 P38794USDC 111548-227293 2892
31817 7590 09/25/2019

SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600
Portland, OR 97204

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 142 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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

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

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

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

Boyan Boyanov, Portland, OR;
INTEL CORPORATION, Santa Clara, CA;
Kanwal Jit Singh, Hilsboro, OR;

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)

Page 7 of 616



Raceipt d

ate: 12/12/2017 15/477,808 — GAU:

Substitute for form 1449A/PTO

[Complete if Known

Application Number 15/477,506

INFORMATION DISCLOSURE | Filing Date April 3, 2017
STATEMENT BY APPLICANT | First Named Inventor Boyan Boyanoy, et al.
(Use as many sheets as necessary) Group Art Unlt 2898
Examiner Name FORTICH, RODOLFO D
Sheet 1 of 1 Attorney Docket No: P38794USDC 111548-227293

2898

Examiner
Initial *

US PATENT DOCUMENTS
Pages, Columns,

Publication Lines, Where Relevant
Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
No' Number MM-DD-YYYY of cited Document Figures Appear

Changc(s) a

Piiec{

US 7,396,757 07-08-2008 tBM-6ORP— Yang

to document

US6,908,847 06-21-2005 SAITO, TATSUYUKI, ET AL.

>

/KW

8/2/2019

FOREIGN PATENT DOCUMENTS

Examiner
Initials*

Foreign Patent Document Pages, Columns, Lines,
Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
No ! (if known) MM-DD-YYYY cited Document or Relevant Figures Appear

KR-1020090085066 08-06-2009 IBM

CN-101490825A 07-22-2009 IBM

XXX |3

CN-1420560 05-28-2003 HITACHI LTD

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Examiner
Initials*

Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
No' country where published.

4™ Non-Final Office Action for Chinese Patent Application No. 201180074611.5
(Attorney Docket No. P38794CN) mailed September 12, 2017, 7 pgs., with English
translation. X

18t Non-Final Office Action for Chinese Patent Application No. 201510203055.7
(Attorney Docket No. P38794CND) mailed August 28, 2017, 10 pgs., with English
translation. X

Final Office Action for Korean Patent Application 10-2016-7033745 (Attorney Docket
No. P38794KRD2) mailed July 18, 2017, 5 pgs., with English translation. X

EXAMINER

/OOSEPH M GALVIN III/ 11/26/2018

DATE CONSIDERED

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)

*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

Page 8 of 616

applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/



PTO/SB/47 (03-09)

Approved for use through 03/31/2012. OMB 0651-0016

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.

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:

Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR -

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent the fee address. When
to check the second box below: If you have no Customer Number representing the desired fee address,
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

Customer Number: OOO-I 97

OR

|:| The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known)

15/477,506

Completed by (check one):

I:‘ Applicant/Inventor /Michael A. Bernadicou/
Signature
Attorney or Agent of record _35934 Michael A. Bernadicou
(Reg. No.) Typed or printed name
|:| Assignee of record of the entire interest. See 37 CFR 3.71. 503-222-9981
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number

(Form PTO/SB/96)

D Assignee recorded at Reel Frame 9/4/2019

Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one
signature is required, see below*.

* Total of _1 forms are submitted.

_This collection of information is required by 37 CF_R 1.363. ?he information is required to obtain or retain a benefit by the public which is to file (and by the USPW
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and 1.14. This colle ction is estimated to take 5 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alex andria, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspondence, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 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.

Page 10 of 616

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.

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.

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.

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).

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.

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)).

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.

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.

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.



Electronic Patent Application Fee Transmittal

Application Number:

15477506

Filing Date:

03-Apr-2017

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan Boyanov

Filer:

Michael A. Bernadicou/Lisa Puccinelli

Attorney Docket Number:

P38794USDC 111548-227293

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suﬁ;l’g(t:)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount Suﬁ-;l’;(t:)l L
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 37060351
Application Number: 15477506
International Application Number:
Confirmation Number: 2892

Title of Invention:

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

First Named Inventor/Applicant Name:

Boyan Boyanov

Customer Number:

31817

Filer:

Michael A. Bernadicou/Lisa Puccinelli

Filer Authorized By:

Michael A. Bernadicou

Attorney Docket Number:

P38794USDC 111548-227293

Receipt Date: 04-SEP-2019
Filing Date: 03-APR-2017
Time Stamp: 19:56:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1000

RAM confirmation Number E201994J57146279
Deposit Account 500393
Authorized User Lisa Puccinelli

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
97319
1 Issue Fee Payment (PTO-85B) P38794USDC;QISS:‘?—FEE—O&OA' no 1
- p ScaS8baableefc2e6b2bd7fe4b1ef15ef03f4]
Warnings:
Information:
312404
2 Maintenance Fee Address Change P38794USDC_Mz;|fntenance_Fe no 2
eS.p 9cb874981c7702bcf13d89d64ea22a621ef1|
510c
Warnings:
Information:
30448
3 Fee Worksheet (SB06) fee-info.pdf no 2
efad5d77e47e6d007b5cc3252e117a077c0|
Warnings:
Information:
Total Files Size (in bytes){ 440171

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

31817 7590 06/12/2019 Certificate of Mailing or Transmission
SCHWABE. WILLIAMSON & WYATT. P.C I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ ) P States Postal Service with sufficient postage for first class mail in an envelope
1211 SW 5th Avenue, Suite 1600 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Portland, OR 97204 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
& v - A

Lisa Puccinelli (Typed or printed name)
/Lisa Puccinelli/ (Signature)
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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.

1.4 This communication is responsive to IDS filed 06/27/2019.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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. The allowed claim(s) is/are 1-7 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAIl by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. W] 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 areply 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.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

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

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

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 06/27/2019.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/[JOSEPH M GALVIN Il
Primary Examiner, Art Unit 2898

U.S. Patent and Trademark Office :
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190801
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number:

Priority CN20061026326 20060430
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published as:

Abstract of CNI101064288 (A}

The invention provides semiconductor component and preparing msthod, The
semiconductor component posssssaes a lop metal laver and a lower metal layer which
is slectric connacted with the top metlal layer via the middie medium layer. The method
firstly covers stch stopping laver on the underlay which possesses metal pattern, is
thickness is 100-300 angstrom, covering the blocking laver whose thickness s two
times of gich stopping laver on the sich slopping layer, covering middle medium layer
on the blocking layver and efching the groove and through hole which are needed by
depositing top metal, thereinto axistence of the blocking laver avolds pesling off of the
eteh slopping layer and the middles medium layer.
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200610026326, 7 %32, 7%53 Su"’ﬁi: ﬁz :F; B1/25

L —FFFARSH, 4 EL T

ik, EARLETE RGN BN BT RN R e A B EE,

BB RSB B B B BT AL 2 A B

TR Al 4RAE B B LA TR

EFETREE B AL TN A, FAY RAR & LB Addfd L,
BFE A AR LT RABAACEMEE, €ENTEFIESRE.

2. B AER LR GFFRES, B EAT: PR EE
BB 100 4 ~ 300 %,

3. deRAER 1 R AR, B EAET MTEMEBESER
S 200 3£ ~ 600 3%,

4, o FlER 2 FTRMFESFARES, LHEET. AN LEE
VbR, AR (Si0). RALEE (SiN). A RLSY (S10C). HAK
fhas P ey —Hr R L a s,

5. koA HIEK 3 TR FFHRB, HMEA T FANBHBEE LN
FALEE, #AnEE (S10). fbst (SiN). s ERLed (S100), B Raftat
6 AP RS,

6. ol A EK 1 TR F SR B, BREET AN TENREE
Vb B AESk3E (FSG ). Astaksd (PSG) . Misksk3E ( BSG ). #BEsE3k3% (BPSC ).
fAsk, fAbak (SIN). Bqbas (SiC) Fe—M R L84,

7. deA Al EK 1 R SR B, LB EET. AN TEMREL
§ A eR D TR LR R

8, 4ok AlEK 1 TR FFEREE, AR EEAT: HEANSEEBEN
Sk (Ti). 4% (W), 42 (Ta). 48 (Mo). 45 (Co). 48 (Pt). k4% (TiW), &
gk (TiN). fdbdg (TaN) ey—Fra Hms,

9, deAAIER 1 FEFSFREBN, LHEET: HANEENTEN
4. 45, 5. B B4R,

100 A AR 1 R F SRR, HELET. HMEAGLELRE
B M4,

11, 4ol Al BE 1 A F2ARES, EHesT: ARYELETE
BBELFABEE,
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12, dei AR 1 PR e BN, S Es T Ardsidi b s
E4 B BB HAN L BT BAd B E SR L ATE N R
Bl % d ik dg,

13, —FrF PR B4 FE, IR ELTOE

Rk —F A R, EATRLHEAANEEAEEBEE,

BFENT B o B B LT A ARk

AT A B AR R B B AR AN E,

FEFrR IS E B R T B B

4R B iR P A mﬁé%%%ﬁﬁ%%&ﬁ%m e B E
%, AR T IENREN AN,

AR A AB L PIRAE AL ENTE, CENBEFEELRE,

14, doia A 2L 13RS R Bt ik, LREET: g

P8k BFo ik B 49 R F ik M E A AR (PVD) SALE RARRAR
(CVD) .

15, 4ol F)1EK 13 Rk ey SR B el r i, LM ELET: Prd
25 FRAR €368 AL S ANILAR (APCYD). JRAEALZ S ARVLAR (LPCVD) . &
FiRHE IR A ARAAR (PR CVD). HFEF B TRAF A ARTA (HDPCVD) ,

16, doR A% $43%¢%%$% Hey kg ik, HAFEAT ATRA
kA% B 4G B E 100 3K ~ 300 3%,

17, ded Al BE 13 R GF S REANSE R, AR EET. AR
BEMBAEA 20038 ~ 600 4,

18. %ﬁﬁ‘iﬁ%ﬁﬁﬁéwmﬁﬁﬂaﬁ% A4 AT AP
B AT R QAR AR, FAARIRAR,

19, %ﬁ%u$ﬁwi%+%%%@%ﬂ@5% L4 s T, rde
B 035 B A R 4 28 A AR AR AR T R AR
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KE R BAFARERAGR, 0GB 5B AL
FREHEA

FFRBEAERE LB ELGERENFN, FEAERALLHER LM
RAAF R, A DETHRAT SEHGRN, 1IC LRk MARKAHE b
Bl 0.13umAR A FHAYT A EE b AR (RC) R ey AEMkH ik,
AR T4 B LY PikAlE R AR MER S . EalieFR s, bR
FIANT 44 T ¥ (Dual Damascene ) , E45 5308 8 0% F B4 6408 LW
B ENJR B Gl A FE AL, RERBRMEAZITFGER S, HF8
324005 ik Bk & 26947,

BEFATLEFFRBHERMESEBHEY, L8 FBR—BHAEN
RABH A RBBF AL, BARHEEEE, PEMNEE, MY HEEE,
FUEARE, REENARAE, B, HMEGFLESOERTE EE4MT
A He iR B, F AR B A A E . AARKMHG I LE
AR LI HER M8,

ARt A H B A K 4 SIN(K~7.8) #=SION (K ~7) , SH R AP —&
FINNEE R SIC (K~5) A2 LE, RAMFAMERFTHER
BALEIEFSG) AFRNREFELLFASGRES LR ENLFE
#. R ERAENEFTFATELY, 2ORALNGNRERERET BMAH
BRI H T R, A FHFF 49911064189 F B HF AT T —Flid
BEFSCG LABHAY ERBAFTILF I RR AN T HRBAFSGT RKE
LR BEE BB HIRFSGE B N a AR e A, 22, HRAE
FAT T EAAF L BB S HFSGE AT L B MR T L F AR EE
BR ARG FANBGIEMAA T EAR XIEGFIH,

EAIARABAT B LE LA LT AANARENFER, wBIMR
T, BAHEEEEINAARI00LE £H 21048k & 1205 F B4R £ 130,
#4148 1504018 2L 1407 8 F P AR B 130 L2 8 15058 JL 140 P A 4
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B, BldedE, B2AREFEHA TR I L ER L EEGPRNFEHEHFTE
B, B2, EEFEP, EFLNMAHRAASERES L CHENLE
e FE M R 2 A AL, TP EL B 1300 R kA Ak B 12000 B MR AT S A
RMEBEARAAL, MBARTEAAEREGA TSP RESL T RE LS
AL B 55 91 51 45, (packaging wire bonding)#5 W 3% & T A MR a9 BiiR, A4
dAgPFAERNE, 2FHEECREBE, FalbiRAZLFHEMSS
HEM; pRELAFHIBETEFHE, ob THRENBEERFHEH
A R4,

KPR AE

Fb, ALIAGH QETREAFFFFRBERLSEF F, UBATH
Bk B P BT BB BT Bl A b BASHE E 5F T A B B 6 AL

HAE LK B4, AKARGBA-FFFAES, 0

AR, BATR LM RGNFEREATHEANRETHERBBRE

BRI Bt B B R B L R4S 2 IR &

e BT gl peAs ok B B S A P B

BFTEFLEE B LR AG T AR E, kb A E LA AR,
AR A AR RABATCEREBE, AR TEAPLAEREE.

B 64 Bl 4 Aok B 89 B 55 100 3% ~ 300 &,

Pk o PRLES B4y B h 200 3% ~ 600 3%,

Bk 44 Bl ARAE LR B B 0 A FAAE, ks (SIC). RAkAE (SIN). BE
fAA4h (Si00), B RBLE T ¢ —FF R 404,

PRk e Fads B BV s BbaE. AEfbaE (SiC). Fbat (SIN), A EE4L
Loy (S100). B RBALEE T G~ Ha s,

BrA s R EAR B E Y Rk g (FSG). A% (PSC) . AR
(BSG). MAEskzkiy (BPSG). fibak. RAbAE (SiN). sibst (SiC) P&
—Fr R b

Bk b o ) AR B LG A A e A ) TR AL

PRk s 2 BB E B (Ti), 4 (W), 42 (Ta). 48 (Mo). 4 (Co)s
&y (Pt). £k4% (TiW). ALk (TiN). Rab4e (TaN) Fay—fP 3 HmE.

Frk & BT &N, B, 5. 2R,
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Frit 648 3l F-& BB E LA R E,

ke BI P ER S BERLMENEEN T ERSEMBELR
AAT R LG Pk s & B B R ik,

ME R, FEARET —FERRE4GHETE, Qs

BAE—F SRR, ENALYAN EFEEHEE,

EFFEANF BEAep BRI E E LW R AR L A

FEPTiR Bl 4k 4%k B B AR AN RS A

FEFRIR FRLES B B AP B IR R

SRR P A E . M3 A alikis ik BB AAIAE i e B
%, FATE PN B RS,

EFRAMABILPRABAEENTE. £ERBEREALREE.

Fi i ] A48 ok B Ao TS B 04T R ik SR A AR (PVD) RALF A
ARLAR (CVD) .

g A5 S ARIAR L3 F RALF S A0AR (APCVD ). /B AR
(LPCVD) . & Fih30 i85 0in (PE (VD). SBAEFE - THRLEAAMR
#2 (HDPCVD) .

Bk & ARAE AR B0 B S8 100 3% ~ 300 3k,

Bk P304 2B 35 200 3% ~ 600 &,

Bk o ) A B 6T L s CLAE M 3R AR, L F AARILAR,

B 3K 4 B FEL 3% & A B 40 B2 S ARIR AR R AR 7 0 A

EMA AN, AKSHAA A TRHRE: AL RETER SIS B b
AR RN A LY E, T F AR E T RS A RAE LR T A
BT, MR T aF & b R BF R T A E LR G B kAl
¥, F8h T e BT BB A SE 69 A5

$ob, HFARITEYETEEMLFRGEINFEL, ARG A
JEEE FARENA S, HNEEIEFRA RS E, BEE SIN G TE
FEEA SN, BRAASHALN, BRA s TH4F QAR EHFH
B BESGRA N, ABRIL TR TFTEANTELEIRAREGY
ofy, i T HEEW A,

6
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g R R

Bl AMERAT L E LI RBE RN ENTER;

B2 ARAFHEAT RS EARL LESTRSRERB G TER;

A3 ARAK Y F S EHGENIHDE,;

B4 HAREAFFRESHPEF R T L AR,

A5 2B 10 A VAALRF S U BEFHET HNHEDHE.
Bk k8 F K

HE A A LR B, HEPREGESENARLHE, TELELWE
st AR B 6 BeAR SR 36 S O S aG LA

B3 AALRFFEBHNEHIEE, B 3 AT, ARASFSE
%m%wﬂﬁ&um% Yo T ATk ﬁﬁ*%FAﬁ&1%#%é&@%§
110, £ BBEE 11083 840EE 105 itk A8 4eH (Photoresist)
BRI 2% H 2 ﬁ%% Eﬁgﬁﬁéﬂﬁ%%ﬁﬁﬁélwiﬁﬁﬁﬁ
PR B 120, B 1003 ~ 300 3%, AR R RALEE, BALsE (5i0)
FAAvEE (SIN), ALY (Si0C), B RBALEFH— MR Lms, 24k
120k Bt MR A T B b A alie A B R T ERM, 4lmiFil
B 1204 A L BRI bk e A B AR L B, BB R ETESSEEE 110
TAMI T R, AR FFARF AL E 120 LEEAE
FEh 2003k ~ 600 3R FIEE 125, A AT LR Bk, Bbak (SiC)
B (SiN), ARG (S100), HRBLET G — A HLme. £
BB 125 BB ARS G F A RARE 130, 5 144 R toff BB
PRFEREMIRES RO MARIEEE (RC) 2R, THheydH s
Sk 3k (FSG), Asstikid (PSC), #azksd (BSG) , Mskskak3% (BPSC).

FE AR E 130 A AF RN, BARYREERGEEH
5] R A 130 2@ AR A AL 140 Foih Al 150, A48 150 ¢ R ATl
3L 140 $9EE, RAEAFEERAETEMETA R ERGE L. Al 140
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DESCRIPTION CN101064295

The present invention provides a semiconductor device and a method of fabricating the same The
semiconductor device has a top metal layer and an underdying metal layer electrically connected to the top metal
layer through vias of the intermediate dielectric layer. The manufacturing method of the present invention first
covers an etch stop layer on asubstrate having a metal pattern, and has a thickness of 100 to 300 angstroms, and
covers a etch stop layer having a barrier layer twice as thick as the etch stop layer. The barrier laver is covered with
an intermediate dielectric layer and is etched by photolithography to remove trenches and vias required for
depositing the top layer metal, wherein the presence of the barrier layer avoids the occurrence of peeling of the
etch stop layer and the intermediate dielectric layer.

Semiconductor device and method of manufacturing same

Technical field

The present invention relates to the field of sericonductor manufacturing technology, and in particular to a
serpiconductor device and a method of fabricating the same

Background technique

The development of semiconductor technology requires more and more integration, and the requirements for
line width and process are becoming more and more demanding W hile moving toward the small linewidth
technology node, the IC industry has chosen copper and low- k materials as a key solution to reduce the
interconnect resistance and capacitance (RC) delay of 0.1 3um and below technology nodes compared o
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etching in aluminum metal processes In the process of removing aluminum, copper is easy to diffuse and
difficult to etch The industry has introduced D ual I amascene, which is characterized by formingan
intermerdiate dielectric layer on the substrate with the device and etching the trench and Through holes are then
deposited into the etched pattern and planarization is used (o remove excess copper.

G enexally, in the fabrication of the top layer metal in the latter part of the semiconductor device, the process step
is generally to deposit an etch stop layer, an intermediate dielectric layer, a copper diffusion preventing layer, and
acopper deposition layer on the substrate with the metal pattern. Then chemical mechanical grinding Therefore,
the corresponding development of a diclectric material compatible with the dual damascene process suchasan
etch stop layer, an intermediate dielectric layer material has become an urgent need. Process integration of
copper and low k materials is challenging

C ompared with SIN (K ~ 7.8 and SION {K ~ 7}, which have relatively large didlectric constants SIC (K~ §)
with a small dielectric constant is generally used as an etch stop layer in the prior art, and chemical vapor
deposition s used. The method deposits fluorosilicate glass {(FSG) as an intermediate dielectric layer and uses a
high concentration of fluorine in the process to reduce its dielectric constant. H owever, high concentrations of
fluorine are often unstable and diffuse to the dielectric or metal layers on both sides to disrupt the adhesion of the
interface. The € hinese patent N 0. 99110641 discloses a method for preventing the diffusion of FSG to the upper
metal surface and destroving the interface adhesion between the FSG and the metal by forming a surface on the
upper surface of the FSG to prevent the fluorine material from passing through the silicon oxynitride The
problem attached, however, that the destruction of the underlying etch stop layer by the high concentration of
fluorine causes the adhesion of the FSG 1o the etch stop layer to deteriorate and the problem of peeling after the
top metal deposition becomes a problem of the process persormel

FIG. 1 is aschematic view of a prior art divectly covering an intermediate dielectric layer on an etch stop layer. As
shown in FIG. 1, the substrate 1 00 having the metal pattern 110 is covered with an etch stop layer 120 and an
intermediate dielectric layer 130 The trench 150 and the via140 are formed on the intermediate dielectric layer
130 and pass through the trench 150 The holes 140 are filled with a metal such as copper. Fig 2 is aschematic
view showing the peeling of the intermediate layer of the etching stop layer and the upper layer thereofin the
priorart AsshowninFIG. 2, in the copper process, the adhesion of the non- conductive dielectric material and
the metal layer thereof to the other auxiliary diclectric layer is inevitably problematic, because the adhesion of the
intermediate dielectric layer 1 30 and the etch stop layer 120 is not good. T he peeling phenomenon occurs, and
the peeling phenomenon may occur during the production process of the device or after the device is produced,
when the adhesion strength test of the passivation layer and the outer wire { packaging wire bonding is tested.
Peeling in the production process will cause the back metal layer to lift up, affecting its electrical connection and
eventually causing the device to fail If there is no peeling during the production process, the life of the device will
be changed due to poor adhesion. short
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Summary of the invention

SUMMARY OFTHE INVENTION Accordingly, it is an object of the present invention to provide a
sericonductor device and a method of fabricating the same that solve the problem of poor adhesion of the top
metal intermediate dielectric laver to its underlying etch stop layer and peeling

T o achieve the above object, the present invention provides a semiconductor device comprising

asubstrate; a diclectric layer formed on the substrate; and a metal pattern layer formed in the dielectric layer;

An etch stop layer formed on the dielectric layer and the metal pattern layer;

a barrier layer formed on the etch stop laver,

An intermediate dielectric layer formed on the barrier layer; the intermediate dielectric layer hasa trenchand a
via hole therein, and the trench and the via hole are sequentially filled with a metal barder layer, a metal seed layer
and an interconnect metal layer.

The etch stop layer has a thickness of 100 angstroms to 300 angstroms

The barrier layer has a thickness of 200 angstroms to 600 angstroms

The etch stop layer is at least one of silicon oxide, silicon carbide (SiC), sificon nitride (SN}, carbon oxynitride
{Si0 €), nitrogen- doped silicon carbide, or a combination thereof

The barrier layer is at least one of silicon oxide, sificon carbide (SiC), silicon nitride (SiN ), carbon oxynitride
{Si0 C), nitrogen- doped silicon carbide, or a combination thereof

The intermediate dielectric layer is at least fluorosilicate glass (FSG ), phosphosilicate glass (PSG), borostlicate
27-08-2019 3
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glass (BSG ), borophosphosilicate glass (BPSG ), silicon oxide, silicon nitride {SiN}, silicon carbide{ O neora
combination of SiC ).

T'he depth of the trench on the intermediate dielectric layer is less than the depth of the via

The metal barrier layer is titanium (T4, tungsten (W), tantalum (T &), molybdenum (M o), cobalt{C o}, platinum
(P4, dtanium tungsten {TiW), ttantum nitride (TiN), O ne or a combination of tantalum nitride (TaN).

The metal seed layer is copper, aluminum, tungsten, gold or silver.

The interconnect metal layer compyises copper or aluminum.

The through holes are located at corresponding positions above the metal pattern.

The interconnect metal layer in the viais electrically connected to the metal pattern on the substrate through the
metal seed layer and the metal barrier layer.

Accordingly, the present invention provides a method of fabricating a semiconductor device, comprising

Providing a serniconductor substrate, forming a dielectric layer and a metal pattern layer on the substrate

Forming an etch stop layer on the dielectric layer and the metal pattern layer;

Forming a barrier layer on the etch stop layer;

Forming an intermediate dielectric Jayer on the barrier layer;

Etching the intermediate diclectric Jayer, the barrier layer and the etch stop layer to form via holes to expose the
metal pattern and forming trenches in the intermediate dielectric layer;
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A metal seed layer, a metal barrier layer, and an interconnect metal layer are sequentially filled in the trench and
thevia

The method of forming the etch stop layer and the barrier layer includes physical vapor deposition {FV D} or
chermical vapor deposition (C VD).

T he chemical vapor deposition includes atmospheric pressure chemical vapor deposition (APCV D}, low
pressure chemical vapor deposition (LPC VD), ion enhanced chemical vapor deposition (PE C VD), and high
density plasma chemical vapor deposition (HD PCV D}

The etch stop layer has a thickness of 100 angstroms to 300 angstroms

The barrier layer has a thickness of 200 angstroms to 600 angstroms

T he method of forming the intermediate dielectric laver includes physical vapor deposition, chemical vapor
deposition.

The metal barrier layer is formed using a physical vapor deposition or dectroplating method.

C ompared with the prior art, the present invention has the following advantages the present invention prevents
diffusion of fluorine in the intermediate dielectric layer to the etch stop layer and the intermediate dielectric layer
by inserting a barrier layer between the etch stop layer and the intermediate dielectric layer. , thereby reducing the
corrosion and destruction of the interface between the two layers due to the free diffusion of fluoring which helps
to increase the adhesion of the upper and lower layers at the interface

In addition, due to the destruction and recombination of chemical bonds by ion bombardment during
deposition, high stress is generated in the deposited dielectric film, high film stress causes cracking and
delamination, and barrier SiN destroys S N bond due to ion bombardment Therefore, thereis ahigh
compressive stress, which helps to balance the tensile stress of the intermediate dielectvic layer material
fluorosilicate glass { FSG ), thereby reducing the influence of stress on the adhesion between the layers, and
increasing its viscosity. A ttached to force
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DRAWINGS

1 isa schematic view of a prior art divectly covering an intermediate dielectric layer on an etch stop layen

2 isaschematic view showing the peeling of the etch stop layer and the intermediate medium layer of the upper
fayer thereof in the prior arg

Figure 3isa cross sectional view showing the structure of a semiconductor device of the present invention;

4 is a process flow diagram of a method of fabricating a semiconductor device of the present inventiorn

5 to 10 are cross sectional views iflustrating a method of fabricating a semiconductor device of the present
invention

D etailed ways

The above described objects features and advantages of the present invention will be more apparent from the
aspects of the invention.

Figure 3 isa cross sectional view showing the structure of a semiconductor device of the present invention As
shown in FIG. 3, the semiconductor device of the present invention includes a substrate 100 and a metal pattern
fayer 110 formed in the diclectric layer 105 on the substrate 100, The wetal pattern layer 110 is spin- coated on the
dielectric layer 105. Photoresist is formed by exposure development and etching A etch stop layer 120 is
formed on the dielectric layer 105 and the metal pattern layer 110, and has a thickness of 100 angstroms to 300
angstroms The material thereof may be silicon oxide, silicon carbide {SiC), silicon nitride {SiN}, carbon
nitrogent 0 ne or acombination of an oxygen compound (510 C), nitrogen- doped silicon carbide The function
of the etch stop layer is to prevent the underlying pattern from being destroyed when etching the underlying
material The etch stop layer 120 serves as an end stop layer for etching the material of the upper layer, and can
protect the underlying metal pattern 110 from being etched to form defects The semiconductor device of the
present invention is covered on the etch stop layer 120 with a barsier layer 125 having a thickness of 200
angstroms to 600 angstroms. The selected material may be silicon oxide, silicon carbide (5iC)}, silicon nitride
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{SiN}, carbon oxynitride (10 C), one or a combination of nitrogen- doped silicon carbide A o intermediate
dielectric layer 130 having a low dielectric constant material deposited on the barrier layer 125 is matched 0 an
interconnect metal such as copper to reduce the resistive capacitance (RC) delay caused by its parasitic
capacitance and interconnect metal resistance. The optional material includes fluorositicon. G lass(FSG),
phosphosilicate glass (PSG }, borosilicate glass{ BSG }, borophosphosilicate glass (BPSG )

i

The intermediate dielectric layer 130 has a via hole 140 and a trench 150 formed by applying a photoresist, and
exposing and developing the pattern of the mask to the intermediate dielectric layer 130 The depth of the trench
150 is smaller than that of the via 140 D epth, whether or not the two are connected depends on the electrical
connection determined by the device. The via hole 140 and the trench 150 are sequentially covered with a metal
barrier layer 160, a metal seed layer 170, and an interconnect metal layer 180, The metal barrier layer includes
titanium (T, tungsten (W}, tantalum (T}, and molybdenum (Mo}. ), one or acombination of cobalt (C o},
platinum (P4, titantum tungsten (TiW), titantum nitride { TN}, tantalum nitride (TaN), and the metal seed layer
includes copper, aluminum, tungsten, gold O r silver, the interconnect metal layer comprises copper or
aluminum. The bottom of the via140is connected to the metal pattern 110 on the substrate 100

The deposited barrier layer 1 25 may increase the adhesion of the intermediate dielectric layer 130 and the etch
stop layer 120, For example, the barrier layer 125 is made of SiN, and the intermediate diclectric layer 1304s
generally made of fluorosilicate glass (FSG ) for the top metal, in the ¥8G . Fluorine has a strong diffusion effect In
order to reduce the dielectric constant of the dielectric layer material and reduce the resistance capacitance (RC)
delay of its parasitic capacitance and interconnect metal resistance, it isoften preferred to use a high
concentration of fluorine in the deposition of FSG. The concentration of fluorine is unstable, and it will diffuse
up and down The corrosion of fluorine at the interface will reduce its adhesion, which will cause the layer to peel
off SiN is a good barrier layer of fluorine. The contentof N ismore High, the less diffusion of fluorine occurs
the barrier material is introduced to effectively block its diffusion, reduce its corrosion to the surface, and increase

the adhesion performance.

In addition, the deposited low dielectric constant material FSG will have tensile stress, high stress in the dielectric
fitm will lead to delamination, deposition of barrier material SIN using plasma enbanced chemical vapor
deposition, high- speed ion- pairing of ionic bondsin SiN_ during deposition The damage will cause the deposited
SiN film o have a high compressive stress, which will help balance the tensile stressin the FSG to the underlying
film and reduce the delamnination caused by the stress

4 is a process flow diagram of a method of fabricating a semiconductor device of the present invention. Asshown
in Fig 4. amethod of manufacturing a semiconductor device of the present invention. First, the etch stop layer
120 s overlaid on the substrate 100 having the metal pattern 110{5210); then, the barrier layer 125 is deposited by
vapor deposition on the etch stop layer 120(5220); then, on the barrier layer 125 The intermediate dielectric
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layer 130 is covered {5230} ; the via hole 140 and the trench 150 are formed on the intermediate dielectric layer
130 by photolithography and etching and the barrier layer 125 and the etch stop layer 120 at the bottom of the
via hole 140 are opened to make the via hole The bottom of the 1 40 exposes the metal pattern 110 on the
substrate 100 {S240); finally, the metal barrier layer 160 is covered in the via 140 and the trench 150 (5250} ; the
metal barrier layer 1 70 is covered on the metal barrier layer 160 {5260} ; A n interconnect metal layer 180 is filled
on the metal seed layer 170 (5270}

5 to 10 are cross sectional views Hlustrating a method of fabricating a sericonductor device of the present
invention. T he process steps for implementing the method are described in detail below with reference to FIGS. 5
through 10 Asshown in Fig 5, the present invention first forms a dielectric layer 105 on the substrate 100 and a
metal pattern 110 formed by photolithography, etching and deposition of a metal such as copper.

Next, asshown in FIG. 6, an etch stop layer 1 20 is deposited on the substrate 100 and the metal pattern 110, and
the deposition may be plasma enhanced chemical vapor deposition. Preferably, the deposited material hasa
thickness of 100 angstroms to 300 angstroms, and the deposited material may be nitrogen- doped silicon carbide,
silicon oxide, silicon carbide (SiC), silicon nitride (SN}, carbon oxynitride (Si0 €}. O ne or a combination
thereof The etch stop layer 1 20 serves as a barrier material for protecting the underlying metal pattern 110 from
damage during etching of the upper layer and as a diffusion barrier for the underlying metal to prevent metal
such as copper in the undeslying metal pattern from diffusing into the upper layer. A sisknown to those skilled in
the art, copper as alate- stage interconnect metal has a strong diffusion effect, and thus the etch stop layer also
functions to block diffusion of the underlying metal The semiconductor device manufacturing method of the
present invention does not directly deposit an upper dielectric layer on the etch stop layer 120 to complete
deposition of the non- conductive dielectric layer, but passes through the etch stop layer 1 20 after depositing the
etch stop layer 120, A vapor basvier layer 1 25 is deposited by physical vapor deposition (PV I} or chemical vapor
deposition. The barrier layer 125 has a thickness of 200 angstroms to 600 angstroms The material of the barrier
layer may be high density and high stress silicon nitride (SiN). 0 r other organic material, inorganic material,
metal or at least one of silicon oxide, silicon carbide { SiC}, carbon oxynitride (Si0 C}, or a combination thereof
A fier the deposition of the barrier layer 125 is completed, the intermediate dielectric layer 130 is deposited
thereon. Since the intermediate dielectric layer needs to select a material having a small dielectric constant, the
preferred method of depositing fluorosilicate glass(FSG) by chemical vapor deposition in this embodiment is
used. In general, the concentration of fluorine is high, and the dielectric constant thereof is small In this
embodiment, the dielectric constant isabout 3.7, O ther optional materials include fluorosilicate glass {FSG),
phosphosilicate glass (PSG ), borosilicate glass{ BSG ) or borophosphosilicate glass (BPSG ). The deposited barrier
layer 125 can prevent the diffusion of fluorine in the intermediate dielectric layer 130 and reduce the tensile stress
effect of the FSG |, increase the adhesion property of the etch stop layer 120 and the intermediate diclectric layer
130, and reduce the delamination between the two layers D efects such as peeling

A fter depositing the etch stop layer 120, the barrier layer 125 and the intermediate dielectric layer 1 30 on the
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substrate with the metal pattern, as shown in FIG. 7, the photoresist 135 is coated on the intermediate dielectric
layer to form by exposure and development The pattern 136 defines a connection hole exposing the lower
intermeriate dielectric layer 130, and the position of the pattern 136 corresponds to the position of the metal
pattern 110 on the substrate 100, Then, asshown in FIG. 8 the intermediate diclectric layer 1 30 is etched, and the
photoresist serves as a barrier fayer for etching to protect the photoresist covering position of the lower
intermediate dielectric layer 130 during the etching process. The position of the connection hole of the
intermediate dielectric layer 130 is etched due o exposure, and the via hole 140 is formed on the intermediate
dielectric layer 130 by dry or wet etching The etch stops when the lower barrier layer 125 of the intermediate
dielectric layer 130 is exposed. It can be seen that the barrier layer 125 also serves asan etch stop layer for the
intenmediate dielectric fayer 130, The vias 140 are formed on the intesmediate dielectric fayer 130 by removing
the photoresist 1 35 by ashing and stripping, A sshown in FIG. 9, atrench 150 is formed on the intermediate
dielectric layer 130 in the same manmer as described above, and the depth of the trench 150 is smalter than the
depth of the via hole 140, thatis the bottom of the trench 150 does not expose the lower layer of the intermediate
dielectric layer 130 The bartier layer 125, whether the trench 150 is connected to the via140 depends on the
electrical connection of the trench 150 and the metal deposited by the via14Q Then, etching and cleaning are
performed to remove the barrier layer 130 and the etch stop layer 1 25 under the viahole 140, so that the metal
pattern 110 on the substrate can be exposed through the viahole 140

Asshown in FIG. 10 the formed trenches 150 and vias 140 are filled with a metal such ascopper. Dueto the
diffusion effect of the copper ions, if they are not treated correspondingly, they are filled into the via holes 140
and the trenches 150 The copper will diffuse to its adjacent dielectric layer, such as the intermediate dielectric
layer 130, which will change the dielectric layer' s insulating effect and introduce other parasttic effects that affect
device performance Therefore, it is necessary to properly treat it, usually by first depositing a diffusion barrier
{Diffusion Barrier), and depositing a through hole 140 and a trench 150 by a suitable method such as physical
vapor deposition or chemical vapor deposition. The metal barder layer 160 may be made of titanium nitride
tungsten { TIW ), one of or a combination of tantalum nitride {TiN}. The addition of the metal barrier layer 160
can well prevent the diffusion of metallic copper to the diglectric laver and enhance the adhesion of the metallic
copper to its dielectric layer. A metal seed layer 170 and an interconnect metal layer 1 80 are deposited on the
metal barrier layer 160, and the deposition may be physical vapor deposition, chemical vapor deposition, or
electroplating T he thickness of the deposited metal layer fills at least the entire via140 and the trench 150

The present invention is disclosed in the above preferred emboediments but it is not intended to limit the present
invention, and any one skilled in the art can make possible variations and modifications without departing from
the spirit and scope of the invention. The scope of protection should be determined by the scope defined by the
claims of the present invention
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CLAIMS CN101064295

[N

A semiconductor device characterized by comprising

asubstrate a dielectric layer formed on the substrate; and a metal pattern layer formied in the dielectric layes
An etch stop layer formed on the dielectric layer and the metal pattern layer;

abarrier layer formed on the etch stop layer;

A nintermediate dielectric layer formed on the barrier layer; the intermediate dielectric layer hasa trench and a
via hole therein, and the trench and the via hole are sequentially filled with a metal barvier layer, ametal seed layer
and an interconnect metal layer.

2~
The semiconductor device according to claim 1, wherein said etch stop layer has a thickness of from 100 to
300

3
Al

A semiconductor device according to claim 1, wherein said barrier layer has a thickness of from 200 t0 600
27-06-2019 1
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4.

The semiconductor device according to claim 2, wherein said etch stop layer is at least silicon oxide, silicon
carbide (SiC}, silicon nitride (SN}, carbon oxynitride (§i0 €}, nitrogen- doped carbonization O neora
combination of silicon.

5 A Y

The semiconductor device according to claim 3, wherein said barrier layer is at least silicon oxide, silicon carbide
{SiC}, silicon nitride {SiN}, carbon oxynitride (Si0 C}, and nitrogen- doped silicon carbide Oneora
combination thereof

N

A semiconductor device according to claim 1, wherein said intermediate diclectric layer is at least fluorosilicate
glass{FSG ), phosphosilicate glass {PSG ), borosilicate glass (BSG }, borophosphosilicate glass{ BPSG ). O ne of
silicon oxide, silicon nitride (SiN )}, silicon carbide {SiC), or a combination thereof

7-
A semiconductor device according to claim 1, wherein the depth of the trench on said intermediate dielectric
layer is smaller than the depth of the via hole.

8.

A semiconductor device according to claim 1, wherein said metal barrier layer is titanium (T9, tungsten (W},
tantalum (T}, molybdenum (Mo}, cobalt (C o}, platinum {Pg. O ne or acombination of titanjum tungsten
(TiW), dtanim nitride (TiN )}, tantalum nitride (TaN).

N
The semiconductor device according to claim 1, wherein said metal seed layer is copper, alurninum, fungsten,
gold or sitver.

10+

The sericonductor device of claim 1 wherein said interconnect metal layer comprises copper or aluminum.
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11
A semiconductor device according to claim I, wherein said through hole islocated at a corresponding position
above the metal pattern

12-

T he semiconductor device according to claim 1, wherein said interconnect metal layer in said via hole is
electrically connected to said metal pattern on said substrate through said metal seed layer and said metal barrier
tayer connection

13-

A method of fabricating a semiconductor device, comptising

Providing a semiconductor substrate, forming a dielectric layer and a metal pattem layer on the substrate;

Forming an etch stop layer on the dielectric layer and the metal pattern layer;

Forming a barrier layer on the etch stop layer;

Forming an intermediate dielectric layer on the barrier layer,

Etching the intermediate dielectric layer, the barrier layer and the etch stop layer to form viaholes to expose the

metal pattern and forming trenches in the intermediate dielectric layer,

A metal seed layer, a metal barrier layer, and an interconnect metal layer are sequentially filled in the trench and
the via

14,
A method of fabricating a semiconductor device according to claim 13, wherein the etching stop layer and the
barrier layer are formed by physica vapor deposition (PV D) or chemical vapor deposition (C VD).
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A method of {abricating a semiconductor device according to claim 13, wherein said chemical vapor deposition
comprises atmospheric pressure chemical vapor deposition (APC VD), low pressure chemical vapor deposition
(LPC VD), and ion enhanced chemical vapor deposition (PE C VD). High- density plasma chemical vapor
deposition{ HDPCV D).

16-
The method of fabricating a semiconductor device according to claim 13, wherein the etching stop layer hasa
thicknessof 100 1o 300

17-
A method of manufacturing a semiconductor device according to claim 13 wherein said barrier laver hasa
thicknessof from 200 to 600

18-
A method of fabricating a semiconductor device according to claim 13, wherein the method of forming the
intermerdiate dielectric layer comprises physical vapor deposition, chemical vapor deposition.

19,

A method of manufacturing a semiconductor device according to clan 13, wherein said metal barvier layer is
formed by a physical vapor deposition or plating method.

27-06-2018 4
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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
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nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/12/2019
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(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
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(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
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. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

|95

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

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

4a. Fees submitted: [Jissue Fee [Ipublication Fee (if required) [JAdvance Order - # of Copies
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to be a notification of loss of entitlement to micro entity status.
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entity status, as applicable.
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Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Page 57 of 616



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

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/477,506 04/03/2017 Boyan Boyanov P38794USDC 2892
111548 7227902
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DATE MAILED: 06/12/2019

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

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.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B 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 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia22313-1450. 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.

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. 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. 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)
15/477,506 Boyanov et al.

Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
JOSEPH M GALVIN Il 2898 No

-- 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.

1.4} This communication is responsive to AFCP 2.0 filed 06/03/2019.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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. The allowed claim(s) is/are 1-7 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAIl by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. W] 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 areply 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.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

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

6.LJ 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. Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 05/16/2019.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. ¥} Other PTO-2323.

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/[JOSEPH M GALVIN Il
Primary Examiner, Art Unit 2898

U.S. Patent and Trademark Office :
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190609
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Application/Control Number: 15/477,506 Page 2
Art Unit: 2898

DETAILED ACTION
Notice of Pre-AlA or AIA Status

The present application is being examined under the pre-AlA first to invent
provisions.

Response to Amendment

The amendment, filed 06/03/2019, has been entered.

Response to Arguments

Applicant’s arguments, see pages 4-5, filed 06/03/2019, with respect to the
capping layer directly on the dielectric have been fully considered and are persuasive.
The 35 USC 1083 rejection of claim 1 has been withdrawn.

Allowable Subject Matter

Claims 1-7 are allowed.

The following is an examiner’s statement of reasons for allowance:

With respect to claim 1, the prior art of record teaches the apparatus as
claimed in claim 1, but fails to teach or reasonably suggest a motivation for wherein the
first capping layer, made of cobalt, is directly on the sidewall of the dielectric layer to
prevent electromigration and wherein a top of the first capping layer is not higher than
the top boundary.

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.”

Page 61 of 616



Application/Control Number: 15/477,506 Page 3
Art Unit: 2898

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSEPH M GALVIN Ill whose telephone number is
(571)272-0559. The examiner can normally be reached on M-F: 8:30AM-5PM.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julio Maldonado can be reached on 5712721864. 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
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.

/JOSEPH M GALVIN Il
Primary Examiner, Art Unit 2898
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Application/Control No. Applicant(s)/Patent Under
15/477,506 Reexamination
MNotice of References Cited Exariner izys :ﬁv ota
JOSEPH M GALVIN Il 2898 Page 1 of 1
U.S. PATENT DOCUMENTS
* Coumz%gg;%:g;’:z:g Code MMD— ?{ts(YY Name CPC Classification US Classification
* | A | US-20090200668-A1 08-2009 Yang; Chih-Chao HO01L21/76834 257/751
* | B | US-20100171219-A1 07-2010 Moreau; David HO01L21/76834 2571751
* [ ¢ [US-20060205204-A1 09-2006 Beck; Michael HO01L21/7684 438/628
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
* COuntIrDyoc(;::dme-el\:Srrl:lbL;TEiiL Code MMD-e\I;\e(YY Country Name CPC Classification
N
6]
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
\
w
X

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

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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Application No. Applicant(s)

15/477,506 .
AFCP 2.0 Boyanov et al

Decision Examiner Art Unit AlA (FITF) Status

JOSEPH M GALVIN I 2898 No

This is in response to the After Final Consideration Pilot request filed 03 June 2019.

1. Improper Request — The AFCP 2.0 request is improper for the following reason(s) and the after final amendment submitted with
the request will be treated under pre-pilot procedure.

(J An AFCP 2.0 request form PTO/SB/434 (or equivalent document) was not submitted.
(J A non-broadening amendment to at least one independent claim was not submitted.

Oa proper AFCP 2.0 request was submitted in response to the most recent final rejection.
(J Other:

2. Proper Request

A. After final amendment submitted with the request will not be treated under AFCP 2.0.
The after final amendment cannot be reviewed and a search conducted within the guidelines of the pilot program.

(J The after final amendment will be treated under pre-pilot procedure.

B. Updated search and/or completed additional consideration.
The examiner performed an updated search and/or completed additional consideration of the after final amendment
within the time authorized for the pilot program. The result(s) of the updated search and/or completed additional
consideration are:

1. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is

issued herewith.

(J 2. The after final amendment would not overcome all of the rejections in the most recent final Office action
. See attached interview summary for further details.

(3J 3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary
for further details.

(J 4. The after final amendment raises new issues, but would overcome all of the rejections in the most recent
final Office action. A decision on determining allowability could not be made within the guidelines of the
pilot. See attached interview summary for further details, including any newly discovered prior art.

(5. Other:

Examiner Note: Please attach an interview summary when necessary as described above.

U.S.Patent and Trademark Office
PTOL-2323 (Rev. 10-14) AFCP 2.0 Decision Part of Paper No. 20190609
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noles 15/477 506 Boyanov et al.
H““HH“ “H‘“ ” H”W o s
JOSEPH M GALVIN 1l 2898
CPC - Searched*
Symbol Date Examiner
HO01L21/76802,7684,76849,7685,76879,76883 11/26/2018 JG
HO01L23/485,5226,528,53209,53238,53295 11/26/2018 JG
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the

search.

Search Notes

Search Notes Date Examiner
EASTsearch 11/26/2018 JG
updated EAST search 03/29/2019 JG
updated EAST search 06/09/2019 JG
Interference Search
US Class/CPC .
Symbol US Subclass/CPC Group Date Examiner
HO1L 21/76802,7684,76849,7685,76879,76883 06/09/2019 JG
HO1L 23/485,5226,528,53209,53238,53295 06/09/2019 JG

See EAST search history 06/09/2019 JG

/JOSEPH M GALVIN lll/
Primary Examiner, Art Unit 2898

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 5477 506 Boyanov et al.
H “ ” ““ |“ Examiner Art Unit
JOSEPH M GALVIN Il 2898
CPC
Symbol Type Version
HO1L F 2013-01-01
HO1L | 2013-04-01
HO1L | 2013-04-01
HO1L | 2013-01-01
HO1L I 2013-01-01
HO1L [ 2013-01-01:
HO1L I 2013-01-01
HO1L | 2013-01-01
HO1L I 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L A 2043-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
HO1L : A 1 1 2013:01-01
HO1L A 1 2 2013-01-01
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 7
/JOSEPH M GALVIN 11I/ 09 June 2019 . . -
Primary Examiner, Art Unit 2898 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 3B
U.S. Patent and Trademark Office Part of Paper No.: 20190609

Page 1 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 5477 506 Boyanov et al,

H “ ”““ |“ o s
JOSEPH M GALVIN III 2898

INTERNATIONAL CLASSIFICATION
CLAIMED

HO01L23/532

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 7

/JOSEPH M GALVIN 11I/ 09 June 2019 . . -
Primary Examiner, Art Unit 2898 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 3B
U.S. Patent and Trademark Office Part of Paper No.: 20190609

Page 2 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 5477 506 Boyanov et al,
H “ ” ““ |“ Examiner Art Unit
JOSEPH M GALVIN Il 2898
Claims renumbered in the same order as presented by applicant (J CPA [J T.D. (] R1.47

CLAIMS
Final |Original|Final OriginallFinaI Original|Final |Original|Final OriginallFinaI Original|Final |[Original|Final |Original

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 7
NJOSEPH M GALVIN Il 09 June 2019 . . A
Primary Examiner, Art Unit 2898 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 3B

U.S. Patent and Trademark Office Part of Paper No.: 20190609

Page 3 of 3
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {{Hits {{Search Query DBs Default {Plurals {iTime
# Operator Stamp
L10 {3 "20090283499" US-PGPUB; {{OR OFF 2019/06/09
USPAT; 14:39
USOCR;
EPO; JPO;
DERWENT
L11 {161 ((("BOYANOV") near3 ("Boyan")) OR US-PGPUB; {{OR OFF 2019/06/09
(("SINGH") near3 ("Kanwal"))).INV. USPAT; 14:42
USOCR;
EPO; JPO;
DERWENT
L12 {38405 {((("INTEL") near3 USPAT OR OFF 2019/06/09
("CORPORATION"))).AS, AANM. 442
L13 {{57250 {(H01L21/76802 OR HO1L21/7684 OR US-PGPUB; {{OR OFF 2019/06/09
HO1L21/76849 OR HO1L21/7685 OR USPAT; 14:42
HO1L21/76879 OR H01L21/76883 OR USOCR;
HO1L23/485 OR H01L23/5226 OR EPO; JPO;
HO1L23/528 OR H01L23/53209 OR DERWENT
H01L23/53238 OR H01L23/53295).CPC.
L14 {18240 jjcopper with line and dielectric and US-PGPUB; {{OR OFF 2019/06/09
substrate USPAT; 14:42
USOCR;
EPO; JPO;
DERWENT
L15 {10205 {iL14 and cap$4 US-PGPUB; {{OR OFF 2019/06/09
USPAT; 14:42
USOCR;
EPO; JPO;
DERWENT
L16 2332 {jL15 and L13 US-PGPUB; {{OR OFF 2019/06/09
USPAT; 14:42
USOCR;
EPO; JPO;
DERWENT .
L17 {426 L16 and spacing US-PGPUB; {{OR OFF 2019/06/09
USPAT; 14:42
USOCR;
EPO; JPO;
DERWENT
L18 {243 (CuCo copper near2 cobalt) with US-PGPUB; {{OR OFF 2019/06/09
interconnect USPAT; 14:42
USOCR;
EPO; JPO;
DERWENT
St "15477506" US-PGPUB; {{OR OFF 2018/11/26
USPAT; 08:31
USOCR;
EPO; JPO;
DERWENT
S2 53238 {i(H01L21/76802 OR HO1L21/7684 OR US-PGPUB; {{OR OFF 2018/11/26

file:///C/Users/jgalvin/Documents/e-Red %20Folder/15477506/EASTSearchHistory.15477506_AccessibleVersion.htm[6/9/2019 2:56:01 PM]
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EAST Search History

HO1L21/76849 OR HO1L21/7685 OR
HO1L21/76879 OR HO1L21/76883 OR
HO1L23/485 OR H01L23/5226 OR
HO1L23/528 OR HO1L23/53209 OR
HO1L23/53238 OR H01L23/53295).CPC.

USPAT;
USOCR;
EPO; JPO;
DERWENT

08:54

158

((("BOYANOV") near3 ("Boyan")) OR
(("SINGH") near3 ("Kanwal"))).INV.

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
08:54

36636

((("INTEL") near3
("CORPORATION"))).AS,AANM.

USPAT

OR

OFF

2018/11/26
08:54

20

("8043958" "6348731" "6114238"
"6046108" "7396757" "6908847"
"5470789").pn.

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
08:57

S6

"20080027677"

"20070049008"

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;

DERWENT
US-PGPUB;

USPAT;
USOCR

OR

OFF

OR

OFF

2018/11/26
09:00

2018/11/26
09:03

512

"20090200668"

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
09:05

S13

193

(CuCo copper near2 cobalt) with
interconnect

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
09:22

S14

17544

copper with line and dielectric and
substrate

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
09:24

S15

9779

S14 and cap$4

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
09:25

S17

2228

S15 and S2

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
09:25

518

391

S$17 and spacing

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2018/11/26
09:59

S19

160

((("BOYANOV") near3 ("Boyan")) OR
(("SINGH") near3 ("Kanwal"))).INV.

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

OFF

2019/03/29
15:46

file:///C/Users/jgalvin/Documents/e-Red %20Folder/15477506/EASTSearchHistory.15477506_AccessibleVersion.htm[6/9/2019 2:56:01 PM]
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EAST Search History

S20 {55664 {(H01L21/76802 OR HO1L21/7684 OR US-PGPUB; {{OR OFF 2019/03/29
HO1L21/76849 OR HO1L21/7685 OR USPAT; 15:46
HO1L21/76879 OR HO1L21/76883 OR USOCR;

HO01L23/485 OR HO01L23/5226 OR EPO; JPO;
H01L23/528 OR H01L23/53209 OR DERWENT

“““““““““““““““““ H01L23/53238 OR HO1L23/53295).CPC. &

S21 {17972 {jcopper with line and dielectric and US-PGPUB; {jOR OFF 2019/03/29
substrate USPAT; 15:46

USOCR;
EPO; JPO;
DERWENT

S22 {10028 4S21 and cap$4 US-PGPUB; {{OR OFF 2019/03/29
USPAT; 15:46
USOCR;
EPO; JPO;
DERWENT

S23 {2289 iS22 and S20 US-PGPUB; {{OR OFF 2019/03/29
USPAT; 15:46
USOCR;
EPO; JPO;
DERWENT

S24 {1406 S23 and spacing US-PGPUB; {{OR OFF 2019/03/29
USPAT; 15:46
USOCR;
EPO; JPO;
DERWENT

S25 {160 ((("BOYANOV") near3 ("Boyan")) OR US-PGPUB; j{OR OFF 2019/03/29

(("SINGH") near3 ("Kanwal"))).INV. USPAT; 16:03
USOCR;
EPO; JPO;
DERWENT
EAST Search History (I nterference)

Ref {iHits {{Search Query DBs Default (Plurals {Time

# Operator Stamp

L19 {153 ((("BOYANOV") near3 ("Boyan")) OR us- OR OFF 2019/06/09
(("SINGH") near3 ("Kanwal"))).INV. PGPUB; 14:47

USPAT
L20 {{37244 {(HO1L21/76802 OR HO1L21/7684 OR Us- OR OFF 2019/06/09
HO1L21/76849 OR HO1L21/7685 OR PGPUB; 14:47
HO01L21/76879 OR HO1L21/76883 OR USPAT
HO01L23/485 OR H01L23/5226 OR
HO1L23/528 OR H01L23/53209 OR
HO1L23/53238 OR H01L23/53295).CPC.
L21 {{3679 {((cobalt Co) near5 cap$4).cim. us- OR OFF 2019/06/09
PGPUB; 14:47
USPAT

L22 {420 20 and 21 us- OR OFF 2019/06/09
PGPUB; 14:48
USPAT

L24 {281 22 and (copper Cu).clm. us- OR OFF 2019/06/09
PGPUB; 14:48
USPAT

6/9/2019 2:55:57 PM
C:\ Users\ jgalvin\ Documents\ EAST\ Workspaces\ 15477506.wsp

file:///C/Users/jgalvin/Documents/e-Red %20Folder/15477506/EASTSearchHistory.15477506_AccessibleVersion.htm[6/9/2019 2:56:01 PM]
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Boyan Boyanov Examiner: Galvin IIL, Joseph M.
Application No.: 15/477,506 Art Unit: 2898
Filed: April 3,2017 Confirmation No.: 2892

For: METHODS AND APPARATUSES
TO FORM SELF-ALIGNED CAPS

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

AMENDMENT UNDER 37 CFR §1.116
AND
REQUEST FOR AFTER-FINAL CONSIDERATION PILOT (AFCP 2.0) REVIEW

Dear Examiner:

This is in response to the Final Office Action mailed April 3, 2019.
Applicant respectfully requests the Examiner to enter this Amendment and consider the
following remarks. Applicant also requests the Examiner to consider the arguments
under the After-Final Consideration Pilot (AFCP 2.0) review program initiated by the

USPTO.

The Listing of Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper.
OK TO ENTER: /J.M.G/
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Receipt date: 05/16/2019 15/477,508 — GAU: 2898

Substitute for form 1448A/PTC Complete if Known
Application Number 15/477,506
INFORMATION DISCLOSURE | Filing Date April 3, 2017
STATEMENT BY APPLICANT | First Named Inventor Boyanov, et al.
(Use as many sheets as necessary) Group Art Unlt 2898
Examiner Name Galvin III, Joseph M.
Sheet 1 of 1 Attorney Docket No: P38794USDC

US PATENT DOCUMENTS

Pages, Columns,

Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No' Number MM-DD-YYYY of cited Document Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
Initials* No ! (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T?

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No' country where published.
Office Action from Chinese Patent Application No. 201510203055.7 (Attorney Docket
No. P38794CN-D), mailed February, 19, 2019, 18 pgs. X
EXAMINER /JOSEPH M GALVIN III/ DATE CONSIDERED 06/08/2019

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)
*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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Boyan Boyanov Examiner: Galvin IIL, Joseph M.
Application No.: 15/477,506 Art Unit: 2898
Filed: April 3,2017 Confirmation No.: 2892

For: METHODS AND APPARATUSES
TO FORM SELF-ALIGNED CAPS

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

AMENDMENT UNDER 37 CFR §1.116
AND
REQUEST FOR AFTER-FINAL CONSIDERATION PILOT (AFCP 2.0) REVIEW

Dear Examiner:

This is in response to the Final Office Action mailed April 3, 2019.
Applicant respectfully requests the Examiner to enter this Amendment and consider the
following remarks. Applicant also requests the Examiner to consider the arguments
under the After-Final Consideration Pilot (AFCP 2.0) review program initiated by the

USPTO.

The Listing of Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper.
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Doc Code: A.NE.AFCP
Document Description: After Final Consideration Pilot Program Request

PTO/SB/434 (05-13)

CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE
AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Practitioner Docket No.: Application No.: Filing Date:

P38794USDC 15/477,506 April 3, 2017

First Named Inventor: Title:

Boyan Boyanov HIETHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER THE AFTER FINAL CONSIDERATION PILOT

PROGRAM 2.0 (AFCP 2.0) OF THE ACCOMPANYING RESPONSE UNDER 37 CFR 1.116.

1. The above-identified application is (i) an original utility, plant, or design nonprovisional application filed under
35 U.S.C. 111(a) [a continuing application (e.g., a continuation or divisional application) is filed under 35 U.S.C. 111(a) and is
eligible under (i)], or (ii) an international application that has entered the national stage in compliance with 35 U.S.C. 371(c).

2. The above-identified application contains an outstanding final rejection.

3. Submitted herewith is a response under 37 CFR 1.116 to the outstanding final rejection. The response includes an
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in
any aspect.

4, This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in
response to the outstanding final rejection.

5. Applicant is willing and available to participate in any interview requested by the examiner concerning the present response.

6. This certification and request is being filed electronically using the Office’s electronic filing system (EFS-Web).

7. Any fees that would be necessary consistent with current practice concerning responses after final rejection under 37 CFR
1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request
consideration under AFCP 2.0.]

8. By filing this certification and request, applicant acknowledges the following:

. Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0.
. The examiner will verify that the AFCP 2.0 submission is compliant, i.e., that the requirements of the program have been met
(see items 1 to 7 above). For compliant submissions:

o  The examiner will review the response under 37 CFR 1.116 to determine if additional search and/or consideration
(i) is necessitated by the amendment and (ii) could be completed within the time allotted under AFCP 2.0. If
additional search and/or consideration is required but cannot be completed within the allotted time, the examiner
will process the submission consistent with current practice concerning responses after final rejection under
37 CFR 1.116, e.g., by mailing an advisory action.

o If the examiner determines that the amendment does not necessitate additional search and/or consideration, or if
the examiner determines that additional search and/or consideration is required and could be completed within
the allotted time, then the examiner will consider whether the amendment places the application in condition for
allowance (after completing the additional search and/or consideration, if required). If the examiner determines
that the amendment does not place the application in condition for allowance, then the examiner will contact the
applicant and request an interview.

= Theinterview will be conducted by the examiner, and if the examiner does not have negotiation
authority, a primary examiner and/or supervisory patent examiner will also participate.
- If the applicant declines the interview, or if the interview cannot be scheduled within ten (10) calendar
days from the date that the examiner first contacts the applicant, then the examiner will proceed
consistent with current practice concerning responses after final rejection under 37 CFR 1.116.
Signature Date
/Michael A. Bernadicou/ June 3, 2019
Name Practitioner
(Print/Typed) . . Registration No.
Michael A. Bernadicou 35934

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. Submit multiple

forms if more than one signature is required, see below*.

ITJ * Total of 1 forms are submitted.
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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.
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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.

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.

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.

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).

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.

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)).

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.

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.

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

New International Application Filed with the USPTO as a Receiving Office

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

Claim Rejections — 35 U.S.C. § 103

Claims 1-3 and 6 are rejected under 35 U.S.C. § 103(a) as being
unpatentable over Yang et al. (US 2009/0200668) in view of Moreau et al.
(US 2010/0171219) Claims 4-5 and 7 are rejected under 35 U.S.C. §
103(a) as being unpatentable over Yang ef al. in view of Moreau et al.
further in view of Beck (US 2006/0205204).

Applicant herein amends independent claim 1, from which claims 2-
7 depend, and respectfully request reconsideration of claims 1-7 in view of
the amendments and the following arguments.

Amended independent claim 1 is directed to an apparatus, including
the features, “at least one first conductive line in a dielectric layer over a

bR N3

substrate, the dielectric layer having a top boundary,” “a channel in the
dielectric layer on the at least one first conductive line, the channel comprising
a sidewall of the dielectric layer between the at least one first conductive line

and the top boundary, and a first capping layer comprising cobalt deposited in

the channel on the at least one first conductive line comprising copper and

cobalt, the first capping layer directly on the sidewall of the dielectric layer to

prevent electromigration, wherein a top of the first capping layer is not higher
than the top boundary.” (Emphasis added.)

That is, Applicant teaches, and claims in claims 1-7, an apparatus
including a capping layer comprising cobalt on a conductive line comprising
copper, the capping layer comprising cobalt directly on a sidewall of a
dielectric layer. Applicant does not understand the cited references of record
as disclosing at least this feature of Applicant’s claims 1-7.

Applicant understands Yang as disclosing an interconnect structure

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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formed in a dielectric material 52. The interconnect structure includes a
diffusion barrier 58, a conductive material 60, and a metallic layer 62°. The
metallic layer 62’ may include cobalt. (See Yang, e.g., Paragraph 0073, and
Figure 2F, shown below.)

FiG. 2F

Figure 2F of Yang.

However, Applicant understands the metallic layer 62 as being on a
sidewall of diffusion barrier 58 of Yang. That is, Applicant does not
understand metallic layer 62° as being directly on a sidewall of dielectric layer
52 of Yang, as is required by Applicant’s claims 1-7.

Furthermore, with respect to amended independent claim 1, Applicant
does not understand the other cited references of record as curing the above
noted deficiencies of Yang. Accordingly, Applicant respectfully requests that

the Examiner remove the rejections of claims 1-7.

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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Request for After-Final Consideration Pilot (AFCP 2.0) Review

Applicant respectfully requests the Examiner to consider the arguments under the
After-Final Consideration Pilot (AFCP 2.0) review program initiated by the USPTO to
bring this matter to a condition for allowance without undue prosecution and RCE

because the Examiner appears to have done a substantial search.

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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CONCLUSION

The Examiner is respectfully requested to contact the undersigned by telephone if
it is believed that such contact would further the examination of the present application.
Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.
Respectfully submitted,

SCHWABE WILLIAMSON & WYATT

June 3, 2019 /Michael A. Beradicou/

Date Michael A. Bernadicou
Reg. No. 35,934

1211 SW 5% Ste. 1900
Portland, OR 97204
Telephone: 503.222.9981
Facsimile: 503.796.9200

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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Listing of Claims:

1. (Currently Amended) An apparatus, comprising:

at least one first conductive line in a dielectric layer over a substrate, the dielectric
layer having a top boundary;

a channel in the dielectric layer on the at least one first conductive line, the
channel comprising a sidewall of the dielectric layer between the at least one first
conductive line and the top boundary, and

a first capping layer comprising cobalt deposited in the channel on the at least one
first conductive line comprising copper and cobalt, the first capping layer directly on the
sidewall of the dielectric layer to prevent electromigration, wherein a top of the first

capping layer is not higher than the top boundary.

2. (Original) The apparatus of claim 1, wherein the first capping layer is self-

aligned to the first conductive line.

3. (Previously Presented) The apparatus of claim 1, further comprising

a second capping layer selectively deposited on a second conductive line within
second sidewalls of the dielectric layer, the second conductive line being at a first spacing
from the at least one first conductive line, and wherein the second capping layer is at the

first spacing from the first capping layer.

4, (Original) The apparatus of claim 1, wherein the at least first conductive line is at

a depth from 5 nanometers to 50 nanometers from a top surface of the dielectric layer.
5. (Original) The apparatus of claim 1, wherein the first conductive line is at a depth

from a top surface of the dielectric layer that is from 10% to 50% of the thickness of the

first conductive line.

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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6. (Original) The apparatus of claim 1, wherein the at least one first conductive line

is an interconnect incorporated into a data processing system.

7. (Original) The apparatus of claim 1, wherein a spacing between the at least one

first conductive line and a second conductive line in the dielectric layer is from 5 nm to

500 nm.

3
App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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( Application No. 1 5/477,5@6 )
INFORMATION DISCLOSURE Fiing Date | April 3, 2017
STATEMENT BY APPLICANT First nventor | Boyan Boyanov, et al.
atunit | 2898
{Not for submission under 37 CFR 1.99) Examiner Name | Galvin {, Joseph M.
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Lisa Puccinelli [ Lisa Puccinelli]
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Date 05-16-19
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1450, Alexandria, VA 22313-1450,
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWww.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/477,506 04/03/2017 Boyan Boyanov P38794USDC 2892
111548-227293
31817 7590 04/03/2019 | X AMINER |
SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600 GALVIN I, JOSEPH M
Portland, OR 97204
| ART UNIT | PAPER NUMBER |
2898
| NOTIFICATION DATE | DELIVERY MODE |
04/03/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

IPDocketing@SCHWABE.com
intelparalegal @schwabe.com

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

15/477,506 Boyanov et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
JOSEPH M GALVIN Ill 2898 No

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 03/01/2019.
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DETAILED ACTION
Notice of Pre-AlA or AIA Status

The present application is being examined under the pre-AlA first to invent
provisions.

Response to Amendment

The amendment, filed 03/01/2019, has been entered. Claims 1-7 are pending in
this application.

Response to Arguments

Applicant's arguments filed 03/01/2019 have been fully considered but they are
not persuasive.

Applicants argue, on page 5, that they do not understand metallic layer (62’) as
being on a sidewall of dielectric layer (52) of Yang.

Applicant’s arguments are not persuasive, for the metallic layer (62’) is on the
diffusion barrier layer (58), which is on the sidewall of the dielectric layer (52), and
therefore the metallic layer (62’) is on the dielectric layer (52). Stated more clearly, the
metallic layer (62’°) is indirectly on the dielectric layer (52). This rationale flows from the
same notion that a drinking glass, resting on a coaster which is on a table, is still on a
table. Therefore, the metallic layer (62’) of Yang, is on the dielectric sidewall (52).

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
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matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

Claims 1-3 and 6 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Yang et al (US 2009/0200668 hereinafter Yang) in view of
Moreau et al (US 2010/0171219 hereinafter Moreau).

With respect to claim 1, Yang (Figs. 2A-2G) teaches an apparatus, comprising:

at least one first conductive line (60 Left) in a dielectric layer (52) over a
substrate (not shown), the dielectric layer (52) having a top boundary; (Fig. 2G, [0053-
0054] the dielectric layer is formed over a substrate, [0070] the conductive line)

a channel in the dielectric layer (52) on the at least one first conductive line (60
Left), the channel comprising a sidewall of the dielectric layer between the at least one
first conductive line (60 Left) and the top boundary, (Fig. 2D [0070-71] the channel in
the dielectric layer (52) is formed above the first conductive line and comprises a
sidewall of the dielectric layer) and

a first capping layer (62’ Left) comprising cobalt deposited in the channel on the
at least one first conductive line (60 Left) comprising copper and the first capping layer
(62’ left) on the sidewall of the dielectric to prevent electromigration, wherein a top of the
first capping layer (62’) is not higher than the top boundary (52). (Figs. 2F-2G [0070-
0077] the capping layer (62') comprises cobalt, and is formed on the first conductive line
comprising copper or a Cu alloy and is not higher than the top boundary of the dielectric
(52) and is formed indirectly on the sidewall of the dielectric.

Yang teaches wherein the first conductive line comprises copper or a copper
alloy, but fails to explicitly disclose wherein the first conductive line comprises copper

and cobalt.
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Moreau, in a related art application, teaches a copper interconnect formed of
copper of a copper alloy, and teaches copper cobalt (CuCo) is a well-known copper
alloy that can be used as the material for a copper interconnect. ([0074])

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to utilize the CuCo alloy of Moreau as the copper alloy of
Yang, as this is a well-known copper alloy for use as an interconnect in the
semiconductor art that can provide similar and improved performance. ([0074]) See
MPEP 2143 (B) Simple substitution of one known element for another to obtain
predictable results

With respect to claim 2, Yang (Figs. 2A-2G) in view of Moreau teaches the
apparatus of claim 1, wherein the first capping layer (62’ Left) is self-aligned to the first
conductive line (60 Left). (Figs. 2F-2G, [0074-0075])

With respect to claim 3, Yang (Figs. 2A-2G) in view of Moreau teaches The
apparatus of claim 1, further comprising a second capping layer (62’ Middle) selectively
deposited on the second conductive line (60 Middle) within second sidewalls of the
dielectric layer (52), the second conductive line (60 Middle) being at a first spacing from
the at least one first conductive line (60 Left), and wherein the second capping layer (62’
Middle) is at the first spacing from the first capping layer (62’ Left). (Figs. 2F-2G [0070-
0077] the second conductive line and capping layer have the same spacing form the
first conductive line and capping layer.)

With respect to claim 6, Yang (Figs. 2A-2G) in view of Moreau teaches the

apparatus of claim 1, wherein the at least one first conductive line is an interconnect
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incorporated into a data processing system. ([0002-0008] the interconnect is part of a
data processing system)

Claims 4-5 and 7 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Yang in view of Moreau further in view of Beck (US
2006/0205204 hereinafter Beck).

With respect to claim 4, Yang (Figs. 2A-2G) in view of Moreau teaches the
apparatus of claim 1, wherein the dielectric layer is between 50 to 1000nm and the
openings may extend completely through the dielectric, ([0062-0063]) and further
recessing the conductive line (60) from a top surface of the dielectric layer (52) so that
the capping layer (62’) is not above the dielectric. (Figs. 2C-2F)

Yang in view of Moreau fails to explicitly disclose wherein the at least first
conductive line is at a depth from 5 nanometers to 50 nanometers from a top surface of
the dielectric layer.

Beck (Figs. 3-10), in a related art application, teaches wherein the first
conductive line (116) is at a depth from 5-20 nanometers from a top surface of the
dielectric layer (106). (Fig. 10 [0046-61]) See MPEP 2144.05 In the case where the
claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima facie
case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976);
In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to form the conductive line of Yang in view of Moreau to be at
a depth between 5-50 nanometers from a top surface of the dielectric layer, as Beck

teaches this is a well-known thickness for a cobalt capping layer in the semiconductor
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art, which is readily applied to the conductive line with similar dimensions of Yang in
view of Moreau. ([0046-0061]) See MPEP 2143 (C) Use of known technique to improve
similar devices (methods, or products) in the same way

With respect to claim 5, Yang (Figs. 2A-2G) in view of Moreau teaches the
apparatus of claim 1, but fails to explicitly disclose wherein the first conductive line is at
a depth from a top surface of the dielectric layer that is from 10% to 50% of the
thickness of the first conductive line. (Though one of ordinary skill in the art could arrive
at this limitation based on the relationship between Fig. 2G and the thicknesses given in
[0060-0077] through routine experimentation)

Beck (Figs. 3-10), in a related art application, teaches wherein the first
conductive line (116) is at a depth from a top surface of the dielectric layer (106) that is
from 10% to 50% of the thickness of the first conductive line (116). ([0040] the first
conductive line is a depth of 100nm from the top surface of the dielectric layer (106),
[0046-0061] the first conductive layer is recessed to a depth of between 5-20nm for the
formation of the capping layer. Therefore the first conductive line is from 5% to 20% is
at a depth from a top surface of the dielectric layer.) See MPEP 2144.05 In the case
where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a
prima facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90
(CCPA 1976); In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to form the conductive line of Yang in view of Moreau to be at
a depth between 10% to 50% of the thickness of the conductive line from a top surface

of the dielectric layer, as Beck teaches this is a well-known thickness for a cobalt
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capping layer in the semiconductor art, which is readily applied to the conductive line
with similar dimensions of Yang in view of Moreau. ([0046-0061]) See MPEP 2143 (C)
Use of known technique to improve similar devices (methods, or products) in the same
way

With respect to claim 7, Yang (Figs. 2A-2G) in view of Moreau teaches The
apparatus of claim 1, but fails to explicitly disclose wherein a spacing between the at
least one first conductive line and a second conductive line in the dielectric layer is from
5 nm to 500 nm.

Beck, in a related art application, teaches it is well-known in the art to form
interconnects as close as possible to one another to maximize connections, which is
typically 90 to 100nm or 65-70nm. ([0062]) See MPEP 2144.05 In the case where the
claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima facie
case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976);
In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to form the first and second conductive lines to be between
5nm and 500nm apart, as these are well-known distances for metal line spacing in the
semiconductor art, which allows for the maximum number of interconnects. ([0062]) See
MPEP 2143 (C) Use of known technique to improve similar devices (methods, or
products) in the same way

Conclusion
Applicant's amendment necessitated the new ground(s) of rejection presented in

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

Page 101 of 616



Application/Control Number: 15/477,506 Page 8
Art Unit: 2898

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSEPH M GALVIN Il whose telephone number is
(571)272-0559. The examiner can normally be reached on M-F: 8:30AM-5PM.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julio Maldonado can be reached on 5712721864. 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.
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Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JOSEPH M GALVIN III/
Primary Examiner, Art Unit 2898
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Boyan Boyanov Examiner: Galvin IIL, Joseph M.
Application No.: 15/477,506 Art Unit: 2898
Filed: April 3,2017 Confirmation No.: 2892

For: METHODS AND APPARATUSES
TO FORM SELF-ALIGNED CAPS

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

AMENDMENT AND RESPONSE

Dear Sir:
This is in response to the Office Action mailed December 4, 2018. Applicant
respectfully requests the Examiner to enter the following amendments and consider the

following remarks.

The Listing of Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper.
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Listing of Claims:

1. (Currently Amended) An apparatus, comprising:

at least one first conductive line in a dielectric layer over a substrate, the dielectric
layer having a top boundary;

a channel in the dielectric layer on the at least one first conductive line, the

channel comprising a sidewall of the dielectric layer between the at least one first

conductive line and the top boundary, and
a first capping layer comprising cobalt deposited in the channel on the at least one

first conductive line comprising copper and cobalt, the first capping layer [[and]] on the

sidewall of the dielectric layer to prevent electromigration, wherein a top of the first

capping layer is not higher than the top boundary.

2. (Original) The apparatus of claim 1, wherein the first capping layer is self-

aligned to the first conductive line.

3. (Currently Amended) The apparatus of claim 1, further comprising

a second capping layer selectively deposited on [[the]] a second conductive line
within second sidewalls of the dielectric layer, the second conductive line being at a first
spacing from the at least one first conductive line, and wherein the second capping layer

is at the first spacing from the first capping layer.

4, (Original) The apparatus of claim 1, wherein the at least first conductive line is at

a depth from 5 nanometers to 50 nanometers from a top surface of the dielectric layer.
5. (Original) The apparatus of claim 1, wherein the first conductive line is at a depth

from a top surface of the dielectric layer that is from 10% to 50% of the thickness of the

first conductive line.

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898

Page 112 of 616



6. (Original) The apparatus of claim 1, wherein the at least one first conductive line

is an interconnect incorporated into a data processing system.

7. (Original) The apparatus of claim 1, wherein a spacing between the at least one

first conductive line and a second conductive line in the dielectric layer is from 5 nm to

500 nm.

3
App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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REMARKS

Claim Rejections - 35 USC § 112

Claim 3 recites the limitation "the second conductive line" in line 2. There is
insufficient antecedent basis for this limitation in the claim.
Applicant herein amends claim 3, and respectfully requests that the

Examiner remove the rejection of claim 3 in view of the amendments.

Claim Rejections — 35 U.S.C. § 103

Claims 1-3 and 6 are rejected under 35 U.S.C. § 103(a) as being
unpatentable over Yang et al. (US 2009/0200668) in view of Moreau et al.
(US 2010/0171219) Claims 4-5 and 7 are rejected under 35 U.S.C. §
103(a) as being unpatentable over Yang et al. in view of Moreau et al.
further in view of Beck (US 2006/0205204).

Applicant herein amends independent claim 1, from which claims 2-
7 depend, and respectfully request reconsideration of claims 1-7 in view of
the amendments and the following arguments.

Amended independent claim 1 is directed to an apparatus, including
the features, “at least one first conductive line in a dielectric layer over a

29 <

substrate, the dielectric layer having a top boundary,” “a channel in the
dielectric layer on the at least one first conductive line, the channel comprising
a sidewall of the dielectric layer between the at least one first conductive line

and the top boundary, and a first capping layer comprising cobalt deposited in

the channel on the at least one first conductive line comprising copper and

cobalt, the first capping layer on the sidewall of the dielectric layer to prevent

electromigration, wherein a top of the first capping layer is not higher than the
top boundary.” (Emphasis added.)

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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That is, Applicant teaches, and claims in claims 1-7, an apparatus
including a capping layer comprising cobalt on a conductive line comprising
copper, the capping layer comprising cobalt on a sidewall of a dielectric layer.
Applicant does not understand the cited references of record as disclosing at
least this feature of Applicant’s claims 1-7.

Applicant understands Yang as disclosing an interconnect structure
formed in a dielectric material 52. The interconnect structure includes a
diffusion barrier 58, a conductive material 60, and a metallic layer 62°. The
metallic layer 62’ may include cobalt. (See Yang, e.g., Paragraph 0073, and

Figure 2F, shown below.)

FiG. 2F

Figure 2F of Yang.

However, Applicant understands the metallic layer 62’ as being on a
sidewall of diffusion barrier 58 of Yang. That is, Applicant does not
understand metallic layer 62’ as being on a sidewall of dielectric layer 52 of

Yang, as is required by Applicant’s claims 1-7.

5
App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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Furthermore, with respect to amended independent claim 1, Applicant
does not understand the other cited references of record as curing the above
noted deficiencies of Yang. Accordingly, Applicant respectfully requests that

the Examiner remove the rejections of claims 1-7.

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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CONCLUSION

The Examiner is respectfully requested to contact the undersigned by telephone if
it is believed that such contact would further the examination of the present application.
Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.
Respectfully submitted,

SCHWABE WILLIAMSON & WYATT

March 1, 2019 /Michael A. Beradicou/

Date Michael A. Bernadicou
Reg. No. 35,934

1211 SW 5% Ste. 1900
Portland, OR 97204
Telephone: 503.222.9981
Facsimile: 503.796.9200

App. No. 15/477,506 Examiner: Galvin III, Joseph M.
Docket No. P38794USDC Art Unit; 2898
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indicate such consideration and a copy thereof returned to applicant(s).
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made in the subject application and is not to be construed as an admission that the information cited in this statement is
material to patentability.

\
e

I\

CERTIFICATION STATEMENT
Please see 37 CFR 1.87 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication

from a foreign patent office in a counierpart foreign application not more than three months prior to the filing of the
information disclosure staterment. See 37 CFR 1.87(e){1).

OR

D That no item of information contained in the information disciosure statement was cited in a communication from & foreign
patent office in a counterpart foreign application, and, io the knowledge of the person signing the certification after making
reasonable inquiry, no item of information contained in the information disclosure statement was known to any individual
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|:| None
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Name/Print | Michael A. Bernadicou Registration Number | 35934

{ hereby certify that this correspondence is being submitted electronically via EFS Web on the date shown bhelow.

Lisa Puccinelli [ Lisa Puccinelli]

Thi
com

Date 09-29-13

Oficer, U.S,

% O
1450, Alexandria, VA 2231

U3
3-1450,

. J/
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X s requested that any requisite fees be debited from Deposit Account 50-0393.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Plsase see CFR 1.4(d) for the
form of signature.

Signature | /Michael A, Bernadicou/ Date (MM-DD-YYYY) | 12-28-2018
Name/Print | Michael A. Bernadicou Registration Number | 35934

{ hereby certify that this correspondence is being submitted electronically via EFS Web on the date shown bhelow.

Lisa Puccinelli [ Lisa Puccinelli]

Thi
com

Date 12-26-2018

Oficer, U.S,

% O
1450, Alexandria, VA 2231

U3
3-1450,

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 04/03/2017.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)[] This action is FINAL. 2b) ¥] This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-7 is/are pending in the application.
5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) [J Claim(s) ___is/are allowed.
7) Claim(s) 1-7 is/are rejected.
8) [J Claim(s) ____is/are objected to.

9) [OJ Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers

10)(J The specification is objected to by the Examiner.

11)(@ The drawing(s) filed on 04/03/2017 is/are: a)[¥} accepted or b)(] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(v] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)™ All b)(J Some**  ¢)[J None of the:
1.0 Certified copies of the priority documents have been received.
2.(J 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)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [J Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) .
. AN 4) [] Other:
Paper No(s)/Mail Date See Continuation Sheet,
U.S. Patent and Trademark Office
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlA first to invent
provisions.
Claim Rejections -35USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claim 3 recites the limitation "the second conductive line" in line 2. There is
insufficient antecedent basis for this limitation in the claim.
Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

Claims 1-3 and 6 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Yang et al (US 2009/0200668 hereinafter Yang) in view of
Moreau et al (US 2010/0171219 hereinafter Moreau).

With respect to claim 1, Yang (Figs. 2A-2G) teaches an apparatus, comprising:
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at least one first conductive line (60 Left) in a dielectric layer (52) over a
substrate (not shown), the dielectric layer (52) having a top boundary; (Fig. 2G, [0053-
0054] the dielectric layer is formed over a substrate, [0070] the conductive line)

a channel in the dielectric layer (52) on the at least one first conductive line (60
Left), the channel comprising a sidewall between the at least one first conductive line
(60 Left) and the top boundary, (Fig. 2D [0070-71] the channel in the dielectric layer (52)
is formed above the first conductive line) and

a first capping layer (62’ Left) comprising cobalt deposited in the channel on the
at least one first conductive line (60 Left) comprising copper and on the sidewall to
prevent electromigration, wherein a top of the first capping layer (62’) is not higher than
the top boundary (52). (Figs. 2F-2G [0070-0077] the capping layer (62’) comprises
cobalt, and is formed on the first conductive line comprising copper or a Cu alloy and is
not higher than the top boundary of the dielectric (52).

Yang teaches wherein the first conductive line comprises copper or a copper
alloy, but fails to explicitly disclose wherein the first conductive line comprises copper
and cobalt.

Moreau, in a related art application, teaches a copper interconnect formed of
copper of a copper alloy, and teaches copper cobalt (CuCo) is a well-known copper
alloy that can be used as the material for a copper interconnect. ([0074])

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to utilize the CuCo alloy of Moreau as the copper alloy of
Yang, as this is a well-known copper alloy for use as an interconnect in the

semiconductor art that can provide similar and improved performance. ([0074]) See

Page 133 of 616



Application/Control Number: 15/477,506 Page 4
Art Unit: 2898

MPEP 2143 (B) Simple substitution of one known element for another to obtain
predictable results

With respect to claim 2, Yang (Figs. 2A-2G) in view of Moreau teaches the
apparatus of claim 1, wherein the first capping layer (62’ Left) is self-aligned to the first
conductive line (60 Left). (Figs. 2F-2G, [0074-0075])

With respect to claim 3, Yang (Figs. 2A-2G) in view of Moreau teaches The
apparatus of claim 1, further comprising a second capping layer (62’ Middle) selectively
deposited on the second conductive line (60 Middle) within second sidewalls of the
dielectric layer (52), the second conductive line (60 Middle) being at a first spacing from
the at least one first conductive line (60 Left), and wherein the second capping layer (62’
Middle) is at the first spacing from the first capping layer (62’ Left). (Figs. 2F-2G [0070-
0077] the second conductive line and capping layer have the same spacing form the
first conductive line and capping layer.)

With respect to claim 6, Yang (Figs. 2A-2G) in view of Moreau teaches the
apparatus of claim 1, wherein the at least one first conductive line is an interconnect
incorporated into a data processing system. ([0002-0008] the interconnect is part of a

data processing system)

Claims 4-5 and 7 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Yang in view of Moreau further in view of Beck (US
2006/0205204 hereinafter Beck).

With respect to claim 4, Yang (Figs. 2A-2G) in view of Moreau teaches the
apparatus of claim 1, wherein the dielectric layer is between 50 to 1000nm and the

openings may extend completely through the dielectric, ([0062-0063]) and further
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recessing the conductive line (60) from a top surface of the dielectric layer (52) so that
the capping layer (62’) is not above the dielectric. (Figs. 2C-2F)

Yang in view of Moreau fails to explicitly disclose wherein the at least first
conductive line is at a depth from 5 nanometers to 50 nanometers from a top surface of
the dielectric layer.

Beck (Figs. 3-10), in a related art application, teaches wherein the first
conductive line (116) is at a depth from 5-20 nanometers from a top surface of the
dielectric layer (106). (Fig. 10 [0046-61]) See MPEP 2144.05 In the case where the
claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima facie
case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976);
In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to form the conductive line of Yang in view of Moreau to be at
a depth between 5-50 nanometers from a top surface of the dielectric layer, as Beck
teaches this is a well-known thickness for a cobalt capping layer in the semiconductor
art, which is readily applied to the conductive line with similar dimensions of Yang in
view of Moreau. ([0046-0061]) See MPEP 2143 (C) Use of known technique to improve
similar devices (methods, or products) in the same way

With respect to claim 5, Yang (Figs. 2A-2G) in view of Moreau teaches the
apparatus of claim 1, but fails to explicitly disclose wherein the first conductive line is at
a depth from a top surface of the dielectric layer that is from 10% to 50% of the

thickness of the first conductive line. (Though one of ordinary skill in the art could arrive
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at this limitation based on the relationship between Fig. 2G and the thicknesses given in
[0060-0077] through routine experimentation)

Beck (Figs. 3-10), in a related art application, teaches wherein the first
conductive line (116) is at a depth from a top surface of the dielectric layer (106) that is
from 10% to 50% of the thickness of the first conductive line (116). ([0040] the first
conductive line is a depth of 100nm from the top surface of the dielectric layer (106),
[0046-0061] the first conductive layer is recessed to a depth of between 5-20nm for the
formation of the capping layer. Therefore the first conductive line is from 5% to 20% is
at a depth from a top surface of the dielectric layer.) See MPEP 2144.05 In the case
where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a
prima facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90
(CCPA 1976); In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to form the conductive line of Yang in view of Moreau to be at
a depth between 10% to 50% of the thickness of the conductive line from a top surface
of the dielectric layer, as Beck teaches this is a well-known thickness for a cobalt
capping layer in the semiconductor art, which is readily applied to the conductive line
with similar dimensions of Yang in view of Moreau. ([0046-0061]) See MPEP 2143 (C)
Use of known technique to improve similar devices (methods, or products) in the same
way

With respect to claim 7, Yang (Figs. 2A-2G) in view of Moreau teaches The

apparatus of claim 1, but fails to explicitly disclose wherein a spacing between the at
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least one first conductive line and a second conductive line in the dielectric layer is from
5 nm to 500 nm.

Beck, in a related art application, teaches it is well-known in the art to form
interconnects as close as possible to one another to maximize connections, which is
typically 90 to 100nm or 65-70nm. ([0062]) See MPEP 2144.05 In the case where the
claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima facie
case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976);
In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)

It would have been obvious to one of ordinary skill in the art prior to the effective
filing date of the invention to form the first and second conductive lines to be between
5nm and 500nm apart, as these are well-known distances for metal line spacing in the
semiconductor art, which allows for the maximum number of interconnects. ([0062]) See
MPEP 2143 (C) Use of known technique to improve similar devices (methods, or
products) in the same way

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSEPH M GALVIN Il whose telephone number is
(571)272-0559. The examiner can normally be reached on M-F: 8:30AM-5PM.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julio Maldonado can be reached on 5712721864. 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
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.

/JOSEPH M GALVIN lli/
Primary Examiner, Art Unit 2898
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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Receipt date: 04/03/2017 15/477,508 — GAU: 2898

Bubstitute for Form 1448FTO Comaiale F Noow

INFORMATION DISCLOSURE fivpligation Nurher

Fifing Date

STAT&M E NT BY APP Lg GA NT Firgt Named Inventon

{188 83 many shopls as nevessang

Art Linl
Examingr Mams
Sheet 5 of g Attorney Docked Numbsy
U.8. FATENT DOCUMENTS
Ezamingr Gl Mo’ Patlication Hame of Psiantes o Nages, Columng, Lings,
bnsitinlz® Dooument Numbear Dalg Apphicant of CHed Dooument Whare Relavant
MMADIYYYY FPaszages of Releward

Mumber-Kind Sode®y e

% Figures Appear

LB 5470788 11-1888 | Misaws

USs  2008/0283485 11-20089 | Mayver at gl
US-1 2010/0081278 A1 0420010 | ishizaks
LS.l 2O00./0283480 A1 112008 | Maver

US| 2010/0081278 A1 | 04-2010 | Mishizaka
US| 20000283488 A4 11-2008 | Maver

FOREIGN PATENT DOCUMENTS
Examiner | (s Foeaign Palent Document Publination Hame of Patentse or
nitialse | Mo EH Anplcart of Giled Dosumeant
LYY

Ta

Countsy Code’ Numbart Kind <

WO 20021045142 AZ QEH0B/2002 Chrislopher THOMAS, et gl

HMOM PATENT LITERATURE BOCW\Y
Examines include name of the author (n CAPITAL LETTERS), titls of the ar o the 3
fnftiada” item {hook, megazine, joumnsd, saral, sympasium, ca
numbar{s), publisher, ¢ty andior cow
NELY Korean Patent Application No, 10-2016-7003215 Action {(with English
sransiation, dated April 1, 2016 (3 pages) {P3Y
NPLZ
E $ylSd SR
5:61:6;1?:; /JOSEPHE M GALVIN IXI/ e 11/26/2018

*Examines Inla ¥ referancs considersd, whether or aod ofaion 8 & ooniy
copy of thig form with next communication 1o applicant.
"Appficant's uique citation designation number fopionaly. Sappl
This coltection of information i raquivad by 37 OFR 188 Thein
sppication. Confidentiality s governed by 35 U R L 122 and 37
the complated spplication form @ the UBPTO. Time will vary depe
suppesiions for reducing this burden, should be sent fo the Gh
SENT FEES OR COMPLETED FORMS T THIE ADDRESS N
# vou novd sssistance i completing th

ANANSR With WP

¥oinchede

Hase AR REFRESNIBIHEUNSITERECHRECINEY, NMEERECE, FRRIDITEHRUTEN LLF S 80he0l.
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EAST Search History

EAST Search History (Prior Art)

Ref i{Hits {iSearch Query DBs Default {Plurals {iTime
# Operator Stamp
L1 i "15477506" US-PGPUB; {{OR OFF 2018/11/26
USPAT; 08:31
USOCR;
EPO; JPO;
DERWENT
L2 {53238 {j(HO1L21/76802 OR HO1L21/7684 OR US-PGPUB; {{OR OFF 2018/11/26
HO1L21/76849 OR HO1L21/7685 OR USPAT; 08:54
HO1L21/76879 OR H01L21/76883 OR USOCR;
HO1L23/485 OR H01L23/5226 OR EPO; JPO;
HO1L23/528 OR H01L23/53209 OR DERWENT
HO1L23/53238 OR H01L23/53295).CPC.
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(("SINGH") near3 ("Kanwal"))).INV. USPAT; 08:54
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EPO; JPO;
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L4 36636 H((("INTEL") near3 USPAT OR OFF 2018/11/26
("CORPORATION"))).AS,AANM. 08:54
L5 20 ("8043958" "6348731" "6114238" US-PGPUB; {{OR OFF 2018/11/26
"6046108" "7396757" "6908847" USPAT; 08:57
"5470789").pn. USOCR;
EPO; JPO;
DERWENT
L6 43 "20080027677" US-PGPUB; {{OR OFF 2018/11/26
USPAT; 09:00
USOCR;
EPO; JPO;
DERWENT
L11 43 "20070049008" US-PGPUB; {{OR OFF 2018/11/26
USPAT; 09:03
USOCR
L12 §2 "20090200668" US-PGPUB; {{OR OFF 2018/11/26
USPAT; 09:05
USOCR;
EPO; JPO;
DERWENT
L13 {193 (CuCo copper near2 cobalt) with US-PGPUB; {{OR OFF 2018/11/26
interconnect USPAT; 09:22
USOCR;
EPO; JPO;
DERWENT
L14 {17544 Hcopper with line and dielectric and US-PGPUB; {{OR OFF 2018/11/26
substrate USPAT; 09:24
USOCR;
EPO; JPO;
DERWENT
L15 {9779 {14 and cap$4 US-PGPUB; {{OR OFF 2018/11/26
USPAT; 09:25
USOCR;
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Receipt date: 12/12/2017 158/477,506 — GAY:

2898

Substitute for form 1448A/PTO Compiete if Known
Application Number 15/477,506
INFORMATION DISCLOSURE [ Filing Date April 3, 2017
STATEMENT BY APPLICANT | First Named Inventor Boyan Boyanov, et al.
(Use as many sheets as necessary) Group Art U n It 2898
Examiner Name FORTICH, RODOLFO D
Sheet 1 of 1 Attorney Docket No: P38794USDC 111548-227293
US PATENT DOCUMENTS
Pages, Columns,
Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No' Number MM-DD-YYYY of cited Document Figures Appear
US 7,396,757 07-08-2008 IBM CORP
US6,908,847 06-21-2005 SAITO, TATSUYUKI, ET AL.
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
Initials* No ! (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T?
KR-1020090085066 08-06-2009 IBM X
CN-101490825A 07-22-2009 IBM X
CN-1420560 05-28-2003 HITACHI LTD X
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS
Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No' country where published.
4™ Non-Final Office Action for Chinese Patent Application No. 201180074611.5
(Attorney Docket No. P38794CN) mailed September 12, 2017, 7 pgs., with English
translation. X
18t Non-Final Office Action for Chinese Patent Application No. 201510203055.7
(Attorney Docket No. P38794CND) mailed August 28, 2017, 10 pgs., with English
translation. X
Final Office Action for Korean Patent Application 10-2016-7033745 (Attorney Docket
No. P38794KRD2) mailed July 18, 2017, 5 pgs., with English translation. X
EXAMINER /JOSEPH M GALVIN III/ DATE CONSIDERED  11/26/2018

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)

*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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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Receipt date: 10/05/2018

15/477,508 — GAU: 2898

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

15/477,506

Filing Date

April 3, 2017

First Named Inventor

Boyan Boyanov, et al.

Group Art Unit

2898

Examiner Name

Galvin III, Joseph M.

Sheet 1 0f1

Attorney Docket No: P38794USDC 111548-227293

US PATENT DOCUMENTS

Pages, Columns,

Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document
US-8,043,958 10/25/2011 Jonathan D. Reid, et al.
US-6,348,731 02/19/2002 Leon Ashley, et al.
US-6,114,238 09/05/2000 Kuan-Yang Liao
US-6,046,108 04/04/2000 Chung-Shi Liu, et al.

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

Country Code/Number/Kind Code
(if known)

Pages, Columns, Lines,
Where Relevant Passages
or Relevant Figures Appear | T?

Publication Date Name of Patentee or Applicant of
MM-DD-YYYY cited Document

Examiner Cite
Initials* No '

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author {(in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
country where published.

Office Action from Taiwan Patent Application No. 106120928 (Attorney Docket No.
P38794TW-D1), mailed July 7, 2018, 15 pages, with English Translation.. X
Office Action from Korean Patent Application No. 10-2018-7003480 (Attorney Docket
No. P38794KR-D2-D1), mailed September 27, 2018, 6 pages, with English Translation. | X

Examiner Cite
Initials* No'

/JOSEPH M GALVIN III/ 11/26/2018

EXAMINER DATE CONSIDERED

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)
*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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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Bibliographic Data
Application No: 15/477 ,5 06

Foreign Priority claimed: ® ves OnNo
35 USC 119 (a-d) conditions met: Yes D No D Met After Allowance
Verified and Acknowledged: lmosePHM GALVINTY | ||
Examiner's Signature Initials
Title: METHODS AND APPARATUSES TO FORM SELF-ALIGNED
itle:
CAPS
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
P38794USDC 111548-
04/03/2017 257 2898 227293
RULE
APPLICANTS
INTEL CORPORATION, Santa Clara, CA,
INVENTORS

Boyan Boyanov Portland, OR, UNITED STATES
Kanwal Jit Singh Hilsboro, OR, UNITED STATES
CONTINUING DATA
This application is a CON of 14675613 03/31/2015 PAT 9627321
14675613 is a DIV of 13991899 06/05/2013 PAT 9373584
13991899 is a 371 of PCT/US2011/059453 11/04/2011
FOREIGN APPLICATIONS
IF REQUIRED, FOREIGN LICENSE GRANTED*#*
04/12/2017
STATE OR COUNTRY
UNITED STATES
ADDRESS

SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600

Portland, OR 97204

UNITED STATES

FILING FEE RECEIVED
$1,600
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Raeceipt date:

03/05/2018

15/477,808 — GAU:

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

15/477,506

Filing Date

April 3, 2017

First Named Inventor

Boyan Boyanov, et al.

Group Art Unit

2898

Examiner Name

FORTICH, RODOLFO D

Sheet 1 of 1 Attorney Docket No: P38794USDC 111548-227293
US PATENT DOCUMENTS
Pages, Columns,
Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No' Number MM-DD-YYYY of cited Document Figures Appear
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
Initials* No ! (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T?
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No 1 country where published.
2" Office Action for Chinese Patent Application No. 201180074611.5 (Attorney
Docket No. P38794CN) Mailed July 1, 2016, 21 pgs., with English translation. X
3rd Office Action for Chinese Patent Application No. 201180074611.5 (Attorney
Docket No. P38794CN) Mailed December 20, 2016, 11 pgs., with English translation. | X
Notice of Final Rejection for Korean Patent Application No. 10-2016-7033745
(Attorney Docket No. P38794KR-D2) Mailed December 5, 2017, 6 pgs., with English
translation. X
/ICSEPH M GALVIN XIIi/ 11/26/2018
EXAMINER DATE CONSIDERED

Page 153 of 616

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)
*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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/

2898



Receipt date: 06/15/2018 15/477,508 — GAU: 2898

Substitute for form 1448A/PTC Complete if Known
Application Number 15/477,506
INFORMATION DISCLOSURE | Filing Date April 3, 2017
STATEMENT BY APPLICANT | First Named Inventor Boyanov, et al.
(Use as many sheets as necessary) Group Art Unlt 2898
Examiner Name Fortich, Rodolfo D.
Sheet 1 0f2 Attorney Docket No: P38794USDC

US PATENT DOCUMENTS

Pages, Columns,

Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No' Number MM-DD-YYYY of cited Document Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
Initials* No ! (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T?
JP 6-275612A 9/30/1994 Misawa, Nobuhiro
CN 1364311A 8/14/2002 Kun, Hu Chao et al.
CN 1921102A 2/28/2007 Shih, Chien-Hsueh
JP 3326698 9/24/2002 Misawa Nobuhiro

/JOSEPH M GALVIN II1i/

EXAMINER DATE CONSIDERED  11/26/2018

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)
*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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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Receipt date: 06/15/2018

15/477,808 — GAU:

Substitute for form 1449A/PTO

[Complete if Known

Application Number 15/477,506

INFORMATION DISCLOSURE | Filing Date April 3, 2017

STATEMENT BY APPLICANT | First Named Inventor | Boyanov, et al.

(Use as many sheets as necessary) G rou p A rt U n It 289 8

Examiner Name Fortich, Rodolfo D.

Sheet 20f2

Attorney Docket No: P38794USDC

2898

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Examiner
Initials*

Cite
No '

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

Notice of Allowance from Korean Patent Application No. 10-2016-7003215 (Attorney
Docket No. P38794KR-D), mailed September 2, 2016, 2 pages.

Office Action from Korean Patent Application No. 10-2016-7033745 (Attorney Docket
No. P38794KR-D2), mailed March 2, 2017, 9 pages.

Office Action from Korean Patent Application No. 10-2018-7003480 (Attorney Docket
No. P38794KR-D2-D1), mailed April 23, 2018, 10 pages.

Office Action from Chinese Patent Application No. 201510203055.7 (Attorney Docket
No. P38794CN-D), mailed March 15, 2018 6 pages.

Office Action from Korean Patent Application No. 10-2018-7008361 (Attorney Docket
No. P38794KR-D2-D2), mailed May 1, 2018, 13 pages.

Office Action from Korean Patent Application No.10-2014-7015212 (Attorney Docket
No. P38794KR), mailed January 7, 2016, 8 pages.

Office Action from Taiwan Patent Application No. 101140536 (Attorney Docket No.
P38794TW), mailed March 22, 2017, 4 pages.

Office Action from Chinese Patent Application No. 201180074611.5 (Attorney Docket
No. P38794CN), mailed April 25, 2017, 19 pages.

Office Action from Korean Patent Application No. 10-2016-7033745 (Attorney Docket
No. P38794KR-D2), mailed February 20, 2018, 8 pages.

Notice of Allowance from Taiwan Patent Application No. 101140536 (Attorney
Docket No. P38794TW), mailed June 29, 2017, 2 pages.

Office Action from US Patent Application No. 13/991,899 (Attorney Docket No.
P38794US) mailed April 10, 2015, 7 pages.

Office Action from US Patent Application No. 13/991,899 (Attorney Docket No.
P38794US) mailed April 10, 2015, 7 pages.

Office Action from US Patent Application No. 13/991,899 (Attorney Docket No.
P38794US) mailed November 3, 2014, 7 pages.

Office Action from US Patent Application No. 14/675,613 (Attorney Docket No.
P38794USD) mailed July 5, 2016, 6 pages.

Office Action from US Patent Application No. 14/675,613 (Attorney Docket No.
P38794USD) mailed January 29, 2016, 8 pages.

Office Action from Chinese Patent Application No. 201510203055.7 (Attorney Docket
No. P38794CN-D), mailed June 28, 2017.

EXAMINER

AOSERH M GALVIN 11/ DATE CONSIDERED  11/30/2018

*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

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)

applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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Receipt date: 05/25/2017 15/477,508 — GAU: 2898

Substitute for form 1449A/PTO Compiete if Known
Application Number 15/477,506
INFORMATION DISCLOSURE | Filing Date April 3, 2017
STATEMENT BY APPLICANT | First Named Inventor Boyan Boyanov
(Use as many sheets as necessary) GrOup Al’t Unlt 2898
Examiner Name Not yet assigned
Sheet 1 of 1 Attorney Docket No: 42P38794DC

US PATENT DOCUMENTS

Pages, Columns,

Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date | Name of Patentee or Applicant of Where Relevant Passages
Initials* No ' (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T
CN 1575508A 02-02-2005 Christopher Thomas et al. *

*= Machine Translation in English
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No' country where published. T2
EXAMINER /JOSEPH M GALVIN III/ DATE CONSIDERED 11/26/2018

Based on PTO/SB/08A(09-06) - Substitute Disclosure Statement Form (PTO-1449) as modified by BSTZ 03/26/07
* 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 o place a check mark here it English language Translafion is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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Receipt date: 06/08/2018 15/477,508 — GAU: 2898

Substitute for form 1448A/PTC Complete if Known
Application Number 15/477,506
INFORMATION DISCLOSURE | Filing Date April 3, 2017
STATEMENT BY APPLICANT | First Named Inventor Boyanov, et al.
(Use as many sheets as necessary) Group Art Unlt 2898
Examiner Name Fortich, Rodolfo D.
Sheet 1 of 1 Attorney Docket No: P38794USDC

US PATENT DOCUMENTS

Pages, Columns,

Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No' Number MM-DD-YYYY of cited Document Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
Initials* No ! (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T?

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No' country where published.
Office Action for Chinese Patent Application 201180074611.5 (Attorney Docket No.
P38794CN), mailed March 9, 2018, 7 pages. X
11/26/2018
EXAMINER ~ /JOSEPH M GALVIN 111/ DATE CONSIDERED

Based on PTO/SB/08A(08-06) - Substitute Disclosure Statement Form (PTO-1449)
*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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.M.G/
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Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

15/477,506

Filing Date

April 3, 2017

First Named Inventor
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(54)MANUFACTURE OF INTEGRATED CIRCUIT DEVICE

(57)Abstract

PURPOSE: To provide a method for realizing the flattening of a copper wiring layer
containing a barrier layer or of a contact without vaporizing copper compound by etching,
regarding the manufacturing method of an integrated circuit device.

CONSTITUTION: A trench type aperture 3 is formed in an insulating film 2 formed on a
substrate 1; a thin barrier material layer is deposited on the substrate 1 containing the
aperture 3; a copper layer is deposited on the barrier material layer; the copper deposition
layer and the barrier material deposition layer formed on the insulating film 2 are
eliminated; the copper deposited in the trench type aperture 3 is so eliminated that a step-
difference is formed whose surface is lower than the surface of the insulating film 2; thus a
copper wiring layer 51 and a barrier layer 41 are formed. A barrier material layer is
deposited on the substrate 1 containing the copper wiring layer 51 in the trench type
aperture 3, and the barrier material deposition layer is flattened and polished, thereby
forming a barrier layer 61 in a self-alignment manner on the copper wiring layer 51 in the
aperture. By the similar process, a contact can be formed on the wiring substrate.

Previous Document 1/1 Next Document

SR pase

https://www4 j-platpat.inpit.go.jp/eng/tokujitsu/tkbs_en/TKBS EN GM301 Detailed.action 6/15/2018
Page 164 of 616



Patent & Utility Model Number Search(Detail) | J-PlatPat Page 1 of 1

Help desk (9:00-21:00)
(+81)3 6666-8801

¥
Tedsedon

Patent& Utility Model Patent& Utility Model Number Search

Patent & Utility Model Number Search

Vou can retrieve & variety of patent and utilily model gazeties by their numbers,

Selected Gazette Previous Document  1/1  Next Document

IP,06-275612,A

PAl i Detail | Image
CLAIMS DETAILED DESCRIPTION
DESCRIFTION OF DRAWINGS DEAWINGS

* NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not
reflect the original precisely.

2. **** shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]A manufacturing method of an integrated circuit device characterized by
comprising the following.

A process of forming an opening in an insulator layer formed on a substrate.

A process of depositing copper sedimentary layers on the substrate containing the opening.
A process of removing copper deposited into the opening so that it may have a level
difference whose surface is lower than the surface of the insulator layer while removing
sedimentary layers of copper deposited on the insulator layer.

A process of depositing sedimentary layers of a barrier material on a substrate containing :
copper in the opening. 3 . . = .
A process of forming a barrier layer in a top surface of copper in the opening by a self aryne 3 AR & - THiE ’éﬂtiﬁ[ﬂmﬁ%ﬁ”mﬁﬁkaﬂ
by carrying out flattening polish of the sedimentary layers of the barrier material.

[Claim 2]A manufacturing method of an integrated circuit device characterized by
comprising the following.
A process of forming an opening in an insulator layer formed on a circuit board.

A process of depositing sedimentary layers of a barrier material on the circuit board LY ﬂﬁwm
containing the opening. :

A process of depositing copper sedimentary layers on sedimentary layers of the barrier : 61459 78 LSy TR
material. : 3 DEAN
A process of removing copper deposited into the opening so that it may have a level \ BROBA
difference whose surface is lower than the surface of the insulator layer while removing :

sedimentary layers of a barrier material and copper sedimentary layers which were
deposited on the insulator layer.

A process of depositing sedimentary layers of a barrier material on a substrate containing
copper in the opening.

A process of forming a barrier layer in a top surface of copper in the opening by a self aryne
by carrying out flattening polish of the sedimentary layers of the barrier material.

[Claim 3]While removing sedimentary layers of copper deposited on an insulator layer by

carrying out buffing using an aqueous solution and an abradant of a potassium iodide or
potassium chloride, A manufacturing method of an integrated circuit device described in :
Claim 1 or Claim 2 removing copper deposited into an opening so that it may have a level i b8
difference whose surface is lower than the surface of the insulator layer. ki \ \E

[Claim 4]A manufacturing method of an integrated circuit device described in any 1 item
from Claim 1 to which an opening formed in an insulator layer is a grooved opening, and is
characterized by forming a wiring layer with copper deposited into the grooved opening to

Claim 3. : 1 mﬁ 2 M IE
[Claim 5]A manufacturing method of an integrated circuit device described in any 1 item i
from Claim 1 which an opening formed in an insulator layer is a contact hole which reaches a Representative drawing

substrate, and is characterized by forming contact to the circuit board with copper deposited

all over the contact hole to Claim 3.

[Claim 6]A manufacturing method of an integrated circuit device described in any 1 item :

from Claim 1, wherein material of a barrier layer is TiN to Claim 5. Representative drawing | 1 }
[Claim 7]A manufacturing method of an integrated circuit device described in any 1 item :

from Claim 1, wherein material of a barrier layer is an insulating material which does not

contain oxygen to Claim 4.
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DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application]The present invention relates to the manufacturing method of the
integrated circuit device which has the characteristics in the method of forming the wiring
layer or contact which used copper. In recent years, high integration of the integrated circuit
device using an Al wiring layer follows on proceeding, and increase of the contact resistance
by the reduction of a contact area and increase of resistance by micronization of wiring size,
and electromigration resistance degradation have been a problem. For this reason,
electromigration resistance is high and the technology which forms fine wiring and minute :

contact using the material of low resistance is needed. Copper attracts attention as such a i . _ 5 5
metallic material for wiring. AFRBA L - CMES o BRI R D HERR A
[0002] i

[Description of the Prior Art]Conventionally, as a method of forming a wiring layer with

copper, after depositing a copper thin film on an entire substrate with a sputtering method

or a vapor deposition method, the method of using a chemical reaction and molding into :

desired wiring formation by RIE was tried. i

[0003] i 51 SORRE

[Problem to be solved by the invention]However, in the usual method, there was a defect

whose form after patterning of wiring an etch rate is slow since the steam pressure of : 6159 7@ LSy TH

copper halide occurred by an etching step is very low, and is not clear. \ I RoHEN

[0004]It had become an obstacle, when the coating membrane for preventing copper
oxidation was formed after forming a copper wiring layer, unevenness of a wiring layer
enlarged and the surface was flattened by forming coating membrane. An object of the
present invention is to provide the method of realizing a copper wiring layer or flattening of
contact including a barrier layer, without evaporating a copper compound by etching, in
order to correspond to the above-mentioned problem.

[0005]

[Means for solving problem]In the manufacturing method of the integrated circuit device
concerning the present invention, In order to achieve the above-mentioned object, while
removing the sedimentary layers of the process of forming an opening in the insulator layer

NN

NONON Y
.,

NN,
AN

s /////////)(///

formed on the substrate, the process of depositing copper sedimentary layers on the

substrate containing the opening, and copper deposited, on the insulator layer, The process :

of removing copper deposited into the opening so that it may have a level difference whose D =
surface is lower than the surface of the insulator layer, The process of depositing the : T \

sedimentary layers of a barrier material on the substrate containing copper in the opening,
and the process of forming a barrier layer in the top surface of copper in the opening by a
self aryne by carrying out flattening polish of the sedimentary layers of the barrier material

were adopted. 1 gﬁ 2 iR
[0006]The process of forming an opening in the insulator layer formed on the circuit board i
and the process of depositing the sedimentary layers of a barrier material on the circuit Representative drawing

board containing the opening, While removing the sedimentary layers of the process of

depositing copper sedimentary layers on the sedimentary layers of the barrier material, and

the barrier material deposited, on the insulator layer, and copper sedimentary layers, The :

process of removing copper deposited into the opening so that it may have a level difference Representative drawing | 1}
whose surface is lower than the surface of the insulator layer, The process of depositing the :
sedimentary layers of a barrier material on the substrate containing copper in the opening,
and the process of forming a barrier layer in the top surface of copper in the opening by a
self aryne by carrying out flattening polish of the sedimentary layers of the barrier material
were adopted.

[0007]In this case, while removing the sedimentary layers of the copper deposited on the
insulator layer by carrying out buffing using the aqueous solution and abradant of a
potassium iodide or potassium chloride, the process of removing copper deposited into the
opening so that it may have a level difference whose surface is lower than the surface of the
insulator layer is employable.

[0008]The opening formed in the insulator layer in this case can be used as a grooved
opening, and a wiring layer can be formed with copper deposited into the grooved opening,
Or the opening formed in the insulator layer can be made into the contact hole which
reaches a substrate, and the contact to the circuit board can be formed with copper
deposited all over the contact hole.

[0009]And material of a barrier layer can be made into the insulating material which does
not contain TiN or oxygen in this case again, a wiring layer can be formed, material of a
barrier layer can be set to TiN and contact can be formed.

[0010]

[Function]Fig.1 is a composition explanatory view of the integrated circuit device
manufactured by the present invention. As for a substrate, an insulator layer and the
opening of a groove [ 2/ 3 ], and 4 ;, in this figure, a copper wiring layer and 6 ; of a
barrier layer and 5 ; are barrier layers 1.

[0011]In this composition explanatory view, the summary of the manufacturing method of
the integrated circuit device which has the characteristics in the formation method of a
wiring layer is described.

[0012]The grooved opening 3 is formed in the insulator layers 2, such as SiO;, formed on the
substrate 1, with photolithography technology, Barrier materials, such as TiN, are deposited
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by a sputtering method etc. all over the insulator layer 2 including the inside of this grooved
opening 3, barrier material sedimentary layers are formed, copper is deposited with a CvVD
method etc. on these barrier material sedimentary layers, and the sedimentary layers of the
copper which embeds the grooved opening 3 completely are formed.

[0013]Carry out buffing of the sedimentary layers of this copper using a potassium iodide
(KI)+ iodine (I,) aqueous solution (5%) and abrasive soap, and it removes the copper
sedimentary layers and barrier material sedimentary layers which are formed in insulator
layer 2 top surface, By barrier layer 4 ;, the three way type of a bottom surface and a side
surface is surrounded, and wiring layer 5 ; of copper lower than the top surface of the
insulator layer 2 is formed.

[0014]JAnd form barrier material sedimentary layers again all over the insulator layer 2
including the wiring layer 5, top of copper lower than the top surface of the insulator layer
2, perform a flattening polish, and it leaves barrier layer 6 ; only to the top surface of copper
wiring layer 5 ;, The four quarters are surrounded by barrier layer 4 ; and barrier layer 6 ,,
and copper wiring layer 5 ; which has a top surface of the insulator layer 2 and a top surface
which corresponds is formed.

[0015]Since according to the present invention a copper wiring layer can be formed and the
surroundings of a copper wiring layer can be further covered by a barrier layer, without
using the process of etching a copper layer and leaving a wiring layer like before, Copper
oxidation and diffusion are prevented and the flattening wiring layer of low resistance strong
against electromigration can be formed.

[0016]

[Working example]Hereinafter, the Example of the manufacturing method of the integrated
circuit device of the present invention is described.

(The 1st Example) Fig.2 and Fig.3 are the work flow illustrative drawings of the
manufacturing method of the integrated circuit device of the 1st Example, and (A) - (E)
shows each process. in this figure -- 1 -- barrier material sedimentary layers and 4 , are

[ barrier material sedimentary layers and 6 ; of copper sedimentary layers and 5 ; ] barrier
layers a copper wiring layer and 6 a barrier layer and 5 a substrate, an insulator layer and
the opening of a groove [ 2/ 3 ], and 4.

[0017]By this work flow illustrative drawing, the manufacturing method of the integrated
circuit device which has the characteristics in the formation method of a wiring layer is
described.

[0018]1st process (refer to Fig.2 (A))

The grooved opening 3 for forming a copper wiring layer in the insulator layers 2, such as
Si0, formed on the substrate 1, is formed with photolithography technology. This substrate
1 may be an insulating substrate for supporting the semiconductor substrate of an
integrated circuit device, and a wiring layer, a layer insulation body film of a multilayer
interconnection layer, etc.

[0019]2nd process (refer to Fig.2 (B))

All over the insulator layer 2 including the inside of the grooved opening 3, TiN is deposited
by a sputtering method and the barrier material sedimentary layers 4 are formed. On these
barrier material sedimentary layers 4, copper is deposited with a CVD method, and the
sedimentary layers 5 of the copper which embeds the grooved opening 3 completely are
formed. As source gas of the sedimentary layers (CVD-Cu) 5 of copper by this CVD method,
Membranes are formed by the substrate temperature of 200 degrees C, and growing
pressure 1Torr using Cu(HFA) tmvs (Cu(1)-hexafluoroacetylacetonato-trimethylvinylsilyl).
[002073rd process (refer to Fig.2 (C))

Buffing of the sedimentary layers 5 of this copper is carried out using a potassium iodide
(KI)+ iodine (I,) aqueous solution (5%) and abrasive soap (trade name Balkalox 0.1CR),
The copper sedimentary layers 5 and the barrier material sedimentary layers 4 which
consists of TiN which are formed in insulator layer 2 top surface are removed, by barrier
layer 4 ,, the three way type of a bottom surface and a side surface is surrounded, and
wiring layer 5 ; of copper lower than the top surface of the insulator layer 2 is formed.
[0021]4th process (refer to Fig.3 (D))

TiN is again deposited by a sputtering method all over the insulator layer 2 including the
wiring layer 5 ; top of copper lower than the top surface of the insulator layer 2, and the
barrier material sedimentary layers 6 are formed.

[0022]5th process (refer to Fig.3 (E))

Carry out the flattening polish of these barrier material sedimentary layers 6, and it leaves
barrier layer 6 ; only to the top surface of copper wiring layer 5 ;, Barrier layer 4 ; and
barrier layer 6 ; surround the four quarters completely, and it forms copper wiring layer 5 ;
which has a top surface of the insulator layer 2, and a plane which corresponds. On wiring
layer 5 ; of this flat insulator layer 2 and copper, other wiring layers can be formed
succeedingly.

[0023]In the above-mentioned Example, although the example using TiN as a barrier
material was described, When the insulating material which replaces with TiN and does not
contain oxygen, such as an SiN film, in the surroundings of copper wiring layer 5 ; is formed,
The portion in which copper wiring layer 5, carries out direct contact to an oxide film can be
lost, and copper wiring layer 5 ; can be prevented from oxidizing, and it can prevent copper
of copper wiring layer 5 , diffusing to the insulator layer 2 conversely, and degrading the
characteristic.

[0024](The 2nd Example) Fig.4 and Fig.5 are the work flow illustrative drawings of the
manufacturing method of the integrated circuit device of the 2nd Example, and (A) - (E)
shows each process. in this figure -- 11 -- a circuit board and 12 -- an insulator layer and 13
-- barrier material sedimentary layers and 14, are [ barrier material sedimentary layers and
16 ; of copper sedimentary layers and 15 ; ] barrier layers copper contact and 16 a barrier
layer and 15 a contact hole and 14.

[0025]By this work flow illustrative drawing, the manufacturing method of the integrated
circuit device which has the characteristics in the formation method of contact is described.
Since the formation process of contact of this Example is the same as the formation process
of the wiring layer of the 1st Example substantially, it omits a detailed description.
[0026]1st process (refer to Fig.4 (A))

The contact hole 13 for forming copper contact in the insulator layer 12 formed on the circuit
board 11 is formed with photolithography technology.

[002712nd process (refer to Fig.4 (B))

All over the insulator layer 12 including the inside of the contact hole 13, the barrier material
sedimentary layers 14 are formed by a sputtering method. On these barrier material
sedimentary layers 14, copper is deposited with a CVD method, and the sedimentary layers
15 of the copper which embeds the contact hole 13 completely are formed.

[0028]3rd process (refer to Fig.4 (C))

Carry out buffing of the sedimentary layers 15 of this copper using a potassium iodide (KI)+
iodine (I,) aqueous solution (5%) and abrasive soap, and it removes the copper sedimentary
layers 15 and the barrier material sedimentary layers 14 which are formed in the top surface
of the insulator layer 12, Barrier layer 14, surrounds the circumference and it forms contact
15 ; of copper lower than the top surface of the insulator layer 12.

[0029]4th process (refer to Fig.5 (D))

The barrier material sedimentary layers 16 are again formed all over the insulator layer 12
including the contact 15 ; top of copper lower than the top surface of the insulator layer 12.
[0030]5th process (refer to Fig.5 (E))

Carry out the flattening polish of these barrier material sedimentary layers 16, and it leaves
barrier layer 16 ; only to the top surface of copper contact 15 ;, The whole surface is
surrounded by barrier layer 14 ; and barrier layer 16 ;, and copper contact 15 ; which has a
top surface of the insulator layer 12 and a plane which corresponds is formed.

[0031]In this Example, the barrier metal or alloy which has conductivity, such as TiN, is
used as a barrier material, On contact 15 ; of the flat insulator layer 12 and copper, other
wiring layers can be formed succeedingly, and between other wiring layers can electrically
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be connected with copper contact 15 ; via conductive barrier layer 16 ;.

[0032]In each of above-mentioned Examples, although the surroundings of copper wiring
layer 5 ; or contact are covered by the barrier layer, When the material of an insulator layer
has a property equivalent to a barrier material, the object of this invention can be attained
by forming a barrier layer in the upper chisel of copper wiring layer 5 ; or contact.

[0033]

[Effect of the Invention]Since a copper wiring layer can be formed and all the surroundings
of a copper wiring layer are further covered in the layer of a barrier material, without using
the conventional process of etching a copper layer and leaving a wiring layer according to
the present invention as described above. The place which copper oxidation and diffusion are
prevented, can form the flattening wiring layer of low resistance strong against
electromigration, and contributes to high integration of an integrated circuit device is large.
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integrated circuit device of the 2nd Example, (A) - (C) shows each process. :
A [FIG. 5] By the work flow illustrative drawing (2) of the manufacturing method of the i . . = 5
integrated circuit device of the 2nd Example, (D) and (E) show each process. AR & - THiE & SRR B > MR AR

[Explanations of letters or numerals]
1 Substrate

2 Insulator layer

3 A grooved opening

4 Barrier material sedimentary layers

4, barrier layer 51 $ADAREE

5 Copper sedimentary layers ]

The wiring layer of 5 ; copper ] 61439 7B LY TR

6 Barrier material sedimentary layers 3 RN
6 , barrier layer 5

11 Circuit board

12 Insulator layer

13 Contact hole

14 Barrier material sedimentary layers
14 ;| barrier layer

15 Copper sedimentary layers

Contact of 15 ; copper

16 Barrier material sedimentary layers
16 , barrier layer

\®

1§$ﬁ Z%ﬁiﬂﬁ

Representative drawing

Representative drawing | 1 !

Previous Document 1/1  Next Document

Previous Document 1/1  Next Document

2o Uus naag

; Cuesvionnaire

[Translation done.]

https://www4 j-platpat.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http://www4 j-platpat.inpit... 6/15/2018
Page 169 of 616



Patent & Utility Model Number Search(Detail) | J-PlatPat Page 1 of 4

Help desk (9:00-21:00)
(+81)3-6666-8801

NADEL

Patent & Utility Model Number Search

Vou can retrieve & variety of patent and utilily model gazeties by their numbers,

Selected Gazette
IP,06-275612,A

Previous Document  1/1 Next Document

PAl i Detail | Image
CLAIME DETAILED DESCRIPTION

MINGS DRAWINGS

* NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not
reflect the original precisely.

2. **** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DRAWINGS :
A [FIG. 1] : CLOSE

AR & - TR S N7 SRBERIE OMBAN AROC & - Wi F SRR O RSN

51 SORHUE
51 DR E 615178 \osITR
61 <) 7TH b4 YT \ 3 BikoHN
3 @RoMD : 7
S
3 /7
///// ’:/ /// s 7. /,
s :
P ] : 7 - e
< 1 : g s :
// : -
“ | :
j/;// 4 ///// L s |
//////// GOl //;///// < T \ J
i 7 /
\\\\ 1 &5 2 IR
;7\\'\ WE : Representative drawing
N

1/§*E 2 mﬁ Representativedrawing | 112131413

A [FIG. 2]

Previous Document 1/1  Next Document

https://www4 j-platpat.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http://www4 j-platpat.inpit... 6/15/2018
Page 170 of 616



Patent & Utility Model Number Search(Detail) | J-PlatPat Page 2 of 4

51 HHEFleo SMERRE O BiE ko TEHPE (1

\—F

(A)

I_.

(B) 1

5 &

—~—2

—y

© -

A [FIG. 3]

1 Kbl SREE R o R ko LRHAR (2)

Is 5
i 4
{ | — %1
—2
1
(D}
6
5
(
‘/, 4y
—
(3] 1

https://www4 j-platpat.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http://www4 j-platpat.inpit... 6/15/2018
Page 171 of 616



Patent & Utility Model Number Search(Detail) | J-PlatPat

A [FIG. 4]

22 2o SRR REoNE ko TRAHEK (1)

13
|
7 n
~15
— 214
~12
(B) n
15
‘/ ¥
1 12
11
(c) -

A [FIG. 5]

52 o SRR E o> B ko> TRIN (2.
16

15
14
\ S/ :
Er
{(s)) n
16 1%
)/ A
ll/ /
| —~12
{=9] n

Page 3 of 4

https://www4 j-platpat.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http://www4 j-platpat.inpit... 6/15/2018

Page 172 of 616



Patent & Utility Model Number Search(Detail) | J-PlatPat Page 4 of 4

Previous Document  1/1 Next Document

he ton of this pags

Note o lsage Srvsce Sodgy Questionnaie

[Translation done.]

https://www4 j-platpat.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http://www4 j-platpat.inpit... 6/15/2018
Page 173 of 616



Page 1 of 1

(9B HEF (JP) EHEHEBFL2E W O s M & 5

"B 76— 275612

DA P eF(198) 9 H20D

(51 Int.CL® ERIZE  FRAERES F1 HNERER
HOLL 21/3205
2128 301 R T376—4M
21/90 B 7514—4M
HOGSK 3/02 6921 —4E
7514—4M Hol1L 21788 J

EEAF XEF SREGHT OL (£ 6 B

CLEEES T RE TG — 59559 TIEmA (00005223
Bhakad
{22y e Tk 5 (10933 3 A198 IR i T ch B A EAc 1015 ¥h

(TDEBE =R FH
HENE &R PEE HES1015% 4
FralAsHA

O, FEL BE B (M 1E)

(54) [RHMADEH] EREEEEDOHEFE

(s7) [E4]

(B8] EEEREEROMERZCEAL, 2 F Y
ik > TIREEMASIETL s L, WU TRES
Wi EOBERE S AL L2 2 2 FORE{LAERT S
FHEERET 5,

[@ER] #iF1 o hcEaEn/mlE2 ik o
O3 £¥aL. OO #H50EE 1 Lok

I & - T W 5 DA R O HRE A

THUOERE LR L 20 LCROBEREE #E L 5 SIORCHED
Poif. WIEEEE DL ENROBERE Lo TH B197E | 4TI TR
HOBHREARET 24 S bic, HROBO 3 Ohick \ ) \ 3 ko8N
B NREREAHEIE 2 DRELVELBELET L L [/ e
BLHCHREL TRDEERS, L7 UTRY, THM PP B s % i
L. L oikoml 2 DhORORER S, &SR ?j;i;,jfj, & \;g f';j/,;j’,j;i
10 B ) 7HEDRERAREL 000 THE o LRI
DR TR L LS DEORINES . Dk R sttt I
WCeNTT I THYTRE, &HEMRT 5, EEDT \
R E o TREEE a2 2 FERET AL AMT \\ N
A .
188 5 bt S

https://www4 j-platpat.inpit.go.jp/eng/tmp/TD/tkbs_en85234190999EB1705D4451B598B... 6/15/2018
Page 174 of 616



1
etk i)
(3FmE1] BiELcEmanrm@EcEO g
FHITIEL, FH0 ST EEEO B RO ERE A
BT ATIRS . FHRREO EICHESE S hidROEER 2
BEET S L L LW, FROC R S nciRE Bl
HEBORRL VEGREEETLLICBETATRE
& OO EAPSLERED L) THEOHEER
AT S TI2L, o) THEIOEER & FE R
FALLIL - THEBEOPOIRO LI EL 7754
TN TREERT AT ST S 4HHETAE
mEIEER DM ERE,
[BFIE2] EEERRE IR & h il 0 4
T A TRE. FEOESOZERERD LY T
SR L EEdT 2 TI2L, 370 THBOSER
DECIROEERSEET TS BHEEEC b
I hio U 7 HELDEER CRDEER AR TS L
S &, FREODCHEEE S hiRe R I TREE R
H&iELBREEFT AL 5 lET LIRS, #H0
HOFEESOLRED L ) THEOBERE & #ET 2
TE, EA0 THEOERRZFEEWRT 22 L
X o THEBEODDIRO L@ L7 7 34 2T ) TR
T S TIEL 2S00 S5 T2 RAEIEES
DELE T,
[38KE2 ] Sk VT adildEibs U D AOKkiE
HEMEH AT 7T A 80k - T R
DECEE N IRDEER R ET 5 L L b BEO
iz iR & e FEDERRIEO ST L O RCBE
FATALANGET AL LR TARIE] 1
(ERKTE 2 (CiRdk & N/ ERR R DG H i,
[3FmEa]  EEcEma MOy, BEE0T
HY . FERRODCERL R L - TERER R
FTRLLAGREITAHFEI MERFEES XTOLT
A ] TEICERE X N RIEERR RO RS,
(3FES ]  EdEcimanc Oy, SiRrEt
AZALE 5 bR—LTHY . FaL RS bR NfiE
WMUiRic L - CTHERREFCHT L2 2 2 F R
FTRLLAERET ARG PEFEFRED ETOLT
A ] ARk S N REERE RO RS,
[BEES] U TFROHEMSTINTHLL L45
BrE T AR ) M EHRIEL F TOL TR ] T8I
WE N AR R DELEFE,
[BEET] U FROMESEELS T L oiEgH
HToHa o LeE LT ABHRIE 1 haiiREL 200
Lot | TELE SR8 & e AR D PR W DR LE Y I,
[ RBADEEHDL 21 ]
(Doo1]
[E¥ FOFAMF] =RMBIL, REA-RERE
W4 & b &Y 2 ECERE AT 2 RS
EOMBEAECETS, FE, A | REREROEE
Elsim OEEE LB, 222 2 FIEOE

2

10

20

30

40

30

Page 1 of 1

HETEG-275612

2
bz kB & 5 FEROEAR, LY, BEY4X
DRELC 2 BMEA DL L 2 b Ov 4 L —a
LRHEDE T ERE L i > T D, LDk, L2}
7o 5L LiHWEAEL o EIEIOREE
BT i aatE el a2 2 2T S
Blri- T4, COL3IEERASBIE L L TR
EFBENTL S,
[0002]
[fEsRmizir) i, BTURERAFHEMT 2 FELLT
& Ry FEHSGEESHCLVERSEROE
BB SR LA iale, (EEREAFIBLR 1 Eicd > T
PR RET A ERRALR T L,
[0002]
[REAMREHRL L9 L7588 Lo AN, BEOFE
Tk, Lo FLVTIETE LAY A URDESEN
T T s F L0 EEME . BHEOD T R—
L BRI T DRSS - .
[O004] Fr, ADERERERML L &CHEORL
T B ROONEREERT 2L BEREERT
L it > TEEROMMA A E LY, [EmErEE
b 3 EUEE L - Tiotk, R0, LEOMEC
HET S, T F sk DRDILEMERILT 2
cEiid, HUTRESHADEERH LLE2 5
2 OFBLEERTLFEARET S LEANLT
2,
[0005]
(B84 EHT 2 DFR] wRMICKH L EEERE
EROSIEFE LT EEOBMAERT St
o, B bia s i@ BOsuRT 3 I18
& BEOAZUEEROD BICRDEER A HET LT
B4 BRI OLCER I NIRORERARET S
&L i, RO CHE S W RE EEmAEGED
Si&DEGBELAFET A L9 CRETLIRS . 2
O @RESHEIRO e o) Pt OEER S gt
ATL, 3 ) FHBOERRE S TR LRI S0 L
ik > TEEODDROE@ECELT T34 Tl T
REHAT HTE&ERL .
[0006] $r, EREERECHERSNAREBICE
Ok 218 L, BROLSLEEREERD B
U FEROEERA R TR L. B THEOE
EREOECROHSEERFEETITEL, SRE@RD L
R E N ) TIEOERR L EOERRERET
2L &G0, FHEODICHTE X N REHEEEE
mEmy VIEGBEFFT L3 CHRETLTEL 3
BchmiR A ST EAR M 7240 THE QRS = 55
FEITHRL, #9) FHHOERREE THE{GHE TS C
LI & TERAORDRD EFC T T 35 A4 T
TEEZHET S TRAEALL.
[0007] ooiBg, FibAh ) Y adildRibny Y
LORERE L RES AR TT R T A s N g S

https://www4 j-platpat.inpit.go.jp/eng/tmp/TD/tkbs_en85234190999EB1705D4451B598B...
Page 175 of 616

6/15/2018



3
T, EEED IR S h RO RER AR ET AL L
G, B #R & e Sl e FREAS ERAEEOSHE &
ECEELETALIBEETLTEHERT L L
MTEDL,
(000B] £RoDIBS MEIFEW R Al %
BEBOC LT FEEEEOR S LR s - TR
ERERMTLILLNCE. HALE W NS
e ERRrET L2 2 FR—ILIC LT, o
LSRN L iR & - TEEREEE R A
FTAHALE S P ERETAL LM TES,
(0009] FLTER LB ) FTROFZ
Ti NEFLUESSS L GGREH L TRER S
BEF DI LMTE, NUTFTEROMEET NCLTax
a5 b EERTLICLNTES,
(on10]
(fER] B 1k, &0 & - TES I N REREEE
EOESHEEATH S, ZOECBGT, 1IEER 2
LEEEE, JwERoEO. 4, TR, 5, R
DEER, §, I TETHL,
(001 1] o OMRARHEELC L -7 BEEROESE
FOHFE AT T 2RO RS ik 0 £ 5409
T4,
(O012] BiF1 LRI NRS O, FOiE
B2 wEEoEO 47 by F3 2 0~ L S
THRL, COEBROBROI 00ESTHEEE OSH
T i NZD Y FHEE Ry SESCL > TR L
T TIEHERR A B L, C o) THBERR D
Fir  BECVDESCLTHERLT, BEOBO2
5 £ ATRDIERR F AT 5,
(0013] ZOiADEEES, Fikh DL (K}
FERE (D, ) MEH (5 %) LWBERIERLTOOTW
BEL . SRIEE EEICHER I N T L S E R L )
FHHHEERERELT. Y TFRL, LL-TEREmL
MEO=F+EAE N, B2 O 4 KL EO08SE
RS, #EmT3,
(0014] FLT, REB2 Ok L4 5L FORSE
RS, OE&FSTREEE OSEICH0 ) TR
BERML, FAEEY » 252727, ADERERH
» MEEBmO&RCCYFRE, BT 9 TREL, L
HROTFTRG, ME- THAEEEN BRE2OERmL
—BTALHEEET AROEER5, 2EMT S,
(0015 ERBICLZE, GEE0L5C, @EEL
2 FL AL TRERFETTIREABOSC &< DA
ERLEMT AL LM TE, ARCEOREROBY %
NP TRICE - TES S AT SR, BOEHE, T
EAMiEEh, T 5 FO7A Y L— g Lo CE
INOFEELRERF AT LI LWTESL,
(on16]
(] LT RREOSREEER DG EDE
¥Rl ERagT 2,

3

10

20

30

40

HETEG-275612

4
(5 EEH) @2, E3a, #§1EMADEEREEE
BOMBRZOLEHBET, (A) ~ (E) H&TE
FRLTL:S, LOBECeT, VEER, 23
B 3o, auss) THEHEER, 4, 1Ex
VPR, SIHEOHERER. 5, [LROEER, 6
FTHIHERER 6, [ TFRTHS,
[0017] COTRHEBBCL -7, BEROTHT
et T SRRRREROREFELHATS,
[on18]#1TE (A2 (A) #8)
2% 1 0bicRERENALS 1 0, SOBFE2E. B0
EERAEAT Lb0OEFOEOI 7+ LUy 3
7 —HEC L o TERT 2, COREFL L EEDEE
EROESERE, RiEEEFT 2 b DmR R,
FRAHER ORERIGEEE THDE 5,
[00189)H2TE (@2 (B) £#8)
A OEO 3 OhASOE@E2 O2mc, TiNER
P BFECE S THR LT THEEER 4 2T
5, LONUTHEHERE 4O, SR2CVDECE
STHEL T, RO 2 A2 AL E O
R EHMT s, COOVDFECLLIEDERRE (CV
D-Cul} B@Y—2RHFALLT, Cu lHFAY tm
vi iCu {lY—-hexafluoroacetyl
acetonato—trimethylvinyls
vy ) ER, BREEZO0C REENITO
v TRRT &,
[on20]HEATR (@2 (C) 21)
COFDEREREG A, RIEMY DL (KT +EE L
2 P RER (%) BLURREL (GREBal ka
ox 0. 1CR) #BTH 9L, @igs2 bE
AN T AROEERE LT i Nibhb i iU T
SRR A ERELT. Y TRL, L -TERLE
filO=F4E%h, REB2 oLk DKL -FEORSE
BE, #mT L,
[OnD21]H4ATHE (EI (D) 1)
REBZ O s O EL-EORNER S, DEESinhig
B2 OEECHERT NERH YECEOHEEL T,
PO T EER 6 AT S,
[on22]HGTE (@3 (E) £1)
SO PEEEER G FELEY » s LT, B0
BEEE, DEEODACSVTRE, £BLT. SUT
B4, LU FBE, Lt -THAAERL2CEE h, #
EEZOLEL KT LLEEEFT SEOEERL, &
FRT S, COTELHER2 LIROEERL, O
i, ROBRERES X iR TIERT AL LM TES,
[0022] EROEREAICELTE, U FHEL L
TT i NERGeHEHEI LI, Ti NI TR
EERL, DADILS  NESOEBELSE A EiRH
HERELESIE, ROERL, MELELEEE
Y AEGML D, AORNERS, MBI ha0
AT AHCEHTE, FRIECROIGERS, OEM

https://www4 j-platpat.inpit.go.jp/eng/tmp/TD/tkbs_en85234190999EB1705D4451B598B...
Page 176 of 616

Page 1 of 1

6/15/2018



5
HMER2 SR L TR SRS AL L RERET S D
LBTHD,
(0024] (H2EkA) B4, A5, F2EHHA
DEERFER DALEFEOTEMMEET, (4) ~
(B} EETRERLTGS, COREELT. 111
BRI, 1 2GR 1 3kas a2 bk, 0
Ak PHEERR, 1 4, [0 FR, 1SR
HEE, 15, WRDa- 22, 1 Gl FHEHE
e 18, WY TRTHDS,
(0025] COTRMPEICE T, 2242 DR
A ECGRETT SRR RO ME R ST
3, COEWAOaL LY FORATIZEE 1 EiheHEo
MERDEMATIZL FEEHECH IS, HlHEs
HETS,
(0026) #1181 (@4 (A) £08)
EEERE 1 1 @ ECRAI O HER ] 20, \oa
A8 M AERTARDDA 22 R 1 3274 }
U H ST —FERC K o TRRT B,
(OD02T]E2THE (E4 (B) &8
2R RN 3ODESIEERE 2 D2,
ATy BRI E o UV FHEHERR | 4 26T 5,
COo) THUEMSERE 140000, SECVDERE S
THELT, 2% 42 FR—IL 1 320 ByA LR
DERR 1 52T 5,
(0028] #3ITHE (@4 (C) &)
COEDEEER ] B, FIERUSLA (KT ) +FE
(1. ) KEEE (DY) STREEIART 7 IRBE L,
WEE1 2 DFmCERIN T AEOBERR ] 5L
U HEHERER ] 4 #BELT, BRSO TR 4,
i > THEHEN. WEE] 20 LELDELRO 8
2h15H, BREMTL,
(D0238] AT (A (D) 208)
HEM 2OEEL VK EDa Y2156, Dk
SHEEE 2 OSEICHS ) THUERR ) 648
b,
(0030] 53T (AS (E) 218
SOy PREGHERRE 6 bR ) s oo LT, iR
A2 SF] %, OEEOACITRLIE, 3L
T TFRL4, L TFTRLIG, WS T2imdH
Fh, iRl 20OLEE T L TEATT 2EO
YREF15, 2T,
(0031] O LLTIE AU TS LT
T NEFDEEEATTL/ T AN LGS
M, FELEEEIZE2E0a 2215, 0k
. OERiEEEII X iR TRAL. EEE0. ) TRE
16, #LTEDI 2515, LihoalEE D

“h

10

20

30

40

HETEG-275612
o

FESHICHERTLCLHTES,

[0n22)] EROSEMPLCHL T, ROEER5
» BELIEA RS DB AN TRTE TS
M. ERBOE RN THE LR OWE LA T 218
ik, RMOBRERS, HALEa LRy OO
PO TRAEHRTSC LD L 2T, TREOEEERS
FTLHLLMTED,

[on32]
[RMAOEHR) L L ek 5. FRBCLD L,
AEELy 7o LT RERFRTERDIREEMAL:-S
CEd, ROMERATEMT I ANTE, I5ILE
OEEREE 2T ) THE OB TIENN S,
OB, EAEFEah. LY toed HL—ia
ATELEEROTEEER AT S C LTS,
BERREROEEE T AL L ANAE L,

[ [0 i 7 i 54

[[E1] =2Wict - TS S N SRR IEER O
SEAE TS B,

(2] &1 EwAOREREEROMEFZO TR
BEE (1) 7 (A ~(C) IEETEBERLTS,
(@3] &1 EuEDEEEREROMEFEHO IR
BE(2) T (D), (B} EETE&TRLTLE,
[[@4)] 32 EnuADEEEREEROMEFEOIEHR
BE (1) 7 (A} ~(C) EETE&RLTInE,
[E5] #2EmAnEERIEEROMEFRO TRH
BE (2} 7. (D), (B} EEIE4#RLTIE,
[152mHeg )
i
FichEd
iRm0
20 PR

il FRE
FDHERE
. ROERER
S0 TR
HUTR
(B2
A

aLEF bk
0 THGERR

P TR
RDIETER
. Bmanast

FY FHGERR
. HUTRE

[ S S | I ST UL S T

-

_._
A b W B —

[ R —
"

https://www4 j-platpat.inpit.go.jp/eng/tmp/TD/tkbs_en85234190999EB1705D4451B598B...
Page 177 of 616

Page 1 of 1

6/15/2018



Page 1 of 1

(3 WRTEE-275612
(1] (2]

£ 1 2EFIo REERE R ORE fko CREMR (11

3

2
R &~ T & 2 B TR Mk B ] l §

5 FRERE (A)

1
TR [ARAE B - -
K ?n:‘xmﬂn
= P R ' s
-:*;’/////H A "F 1 ;]//f/,’/
gty ¥ , 5
PR S E ‘ “ o
s - . N .
//",;////,r;/ L e = dy
s = K B s
/’/‘_r“//./,-" "+ Byeaacal ;// //;///,/ _
[ /,! /{/,.-‘,/ P YHPC LI, //,f// //.r/
Rt AN L

Ilma . —

]
i mie 2 51 "

) -

(E2]

1 EH0Te BIREIR R o i o VIREME (2)

5

6
j
[
—2
1

)]
Lt
| o [ Y 1)
S
(E} 1

https://www4 j-platpat.inpit.go.jp/eng/tmp/TD/tkbs_en85234190999EB1705D4451B598B... 6/15/2018
Page 178 of 616



(6

(4]

A2 EHH HMDREE WS S LEENAE (1)

n

12
) 1
15
' 14
—~12
(B} "
B
L/
12
) n

WRTEE-275612

2 RO LRPRRE o RiE Fho TRANMEA (2

L]
15

l-\:l/

1é

—i2
(o] n
16,
:J //15\ "
L)~

Y n

https://www4 j-platpat.inpit.go.jp/eng/tmp/TD/tkbs_en85234190999EB1705D4451B598B...

Page 179 of 616

Page 1 of 1

6/15/2018



6/15/2018 Espacenet - Bibliographic data

P

e

Espacenst

Bibliographic data: CN1364311 {A] — 28020814

Raduced electromigration and stress induced migration of Cu wires by surface
coating

Inventor(s):  KUN HU CHAO [US]; ROSENBERG R [US]; RUBINO J M [US] +
(HU CHAO KUN, ; R. ROSENBERG, ; J.M. RUBINO)

Applicant(s): IBM [US] + (IBM CORP)

Classification: - international: C23C18/16; HO1L21/28; HO1L21/288; HO1L21/3205;
HOTL21/44; HOTL21/4763; HO1L21/768; HOTL23/52;
HO1L23/532; (IPC1-7): HO1L21/288; HO1L21/768;
HO1L23/532
- cooperative: H01L21/288; HO11L.21/76843; HO11.21/76849;
HO1L21/76864; HO1L23/53228; H01L.23/53238;
HO1L23/5329; H01L.2924/0002 mors

Application CN2000810831 20000727

number:

Priority US190803681573 19980727

number(s):

Also CN1191621 (C). EP1210732 (A1), JP2003505882 (A).

published as: TW483137 (B) US2002008681 (A1) more

Abstract not availiabls for ON1384311 {A)
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The ldea of the Invention I8 to coat the
free surface of patterned Ou conducting
Hnes (B0, 70} in on-chip interconnactions
{BEOL) wiring by a 1-28 nm thick melal
laver {83, 74) prior fo daposition of the
sierlevel dislectric. This coating s
sufficiently thin so as to obvigte the need
for additional planarization by polishing, while providing protection against oxidation
and surface, or interface, diffusion of Cu which has been identified by the inventors as
the leading contribulor o metal line fallure by electromigration and thermal stress
voiding. Also, the metal layer (83, 74} increases the adhesion strength between the Cu
{80, 70) and dislectric (88} so as o further increase ifelime and facilifale process vigld,
The free swiace is a divect resull of the CMP {chemical mechanical polishing) in a
damascans process or in a dry elching process by which Cu wiring is patterned, s
proposed thal the metal capping layer {83, 74) be deposiied by a selective process
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onty the Cu o minimize further processing. We have used electroless metal coatings,
such as CoWP, CoSnP and Pd, to Hustrate significant reliability benefits, although
chemical vapor deposition {CVD) of metals or metal forming compounds can he
employed.
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.

3. BRMER 26853, AFEAET, HELCEREGEES 1-
20nm.

4. ALK 2 68F5%, RFEET, IRALRPREGEAN 1-
10nm.
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¥ B
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7. RANEX 5 5%, AHEAET, HEFLBERE CoWP,
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W, AR RSWHBRGH.

11. —F#rék#, €ad-
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LA AR TGS BT E,
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i EhMAELERLEGFEE, EFLBEBREEALEN
HFf 2B,

12. MAIZR 11 8984, ARELT, MIEFEBREER CoWP.
CoSnP. CoP. Pd. CoB. CoSnB. CoWB. In. NiB # W # & &4,
M B ok B i -4k 09 AT L R m Ak Rl Fe B AR

13. RAZR 12 94H, AFEL T, ESFORGBEN 1-
20nm.

14. RAEEL 12 940, LOEREASERPHENRELR S
CREGBRAIRELZE.

Page 184 of 616



------

15. BA LXK 14 44, AHELT, TREZARBLERR
fAbs, @4s, AL FHDT 3.2 6 SICOH %4004, £48
A, RAXeR o, PREFEASHARG A,

16. MAER 11 44, ARELT, HESFAZGHAPAGEL
B A G,

17. RAER 11 948H, ARELET, MHENRL S 24,
SOI F= A L4E M B 69 4.

ISEAHRLEBRGFHRGHAEF ], CLLTHI R

EAT R LW R BB F4,

EREFARGHEAR G EBRATELE, HFEFLEBALEN £
EH2ELR.

19. BRALX 18 895k, AF4ELET, MEABRSFERGTREG
FERALLERFFHEMETLORGTER, AN FhRGHELD
BELETAALRELE, FRETHOREIBEIPGTHRALSIER
.

20, RAVEK 19 6975k, RHEET, WAL CRBENGERLHN
1-20nm.
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24 BRATK 226555, ARELET, HEFELEREA CoWP,
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25. RAEK 19 895#%, AL T, MELLRRIBROET
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Bk, Nl FAGHERAG LR —ALE- MO FEE, A&

EBBEXRERAAT, TEV 300CHEAT, HHEMHAERXE
¥ 2 b, AGAEREFRENELEMFEBEZRFAAKLFGER
.

26 RAVZRK 18 895 %, ABELET, R FABRER
(CVD) . HhEAMRR (PVD) . AX. Bi. ABRZLERIF X
ZEGWAT X, KRR FLRAEANE FARG LD L,

27. RABK 26 G5k, AHELET, EFLERA Pd. In
W. ZLRASHHARGH.

28, —#4&H, CaL:

R L6 B AT,

M RAEBELGFEE, AEFLCEBREESEEGLEL.

29. A EEK 28 t54H, AHELET, MMEAFEER A CoWP.
CoSnP. CoP. Pd. CoB. CoSnB. CoWB. In. NiB # W # & & 4,
M By ok PR 4R 0 PP R @Ak oA B

30. RAVEEK 29 54 M, AHELET, MAFLESGEREN 1-
20nm.

31 BAEE 29 4 #, ROEMRFEGMES LB ESER
REEE.

32. ALK 31 94#, ARELAT, MEBERNMRBELELR
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33. RAIZEK 29 4H, AHEET, MEFARLEEPHALGL
B4,

34, BAEK 29 &4, ABELET, MEAARELALE. 24,
SOI #o A L4 4 R 45 4.

35. A B K 8 5k, ARELET, MMEFLBERA CoB.
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AHEHK

B TFELBEEARBENEEREE, CEBELELELMA AC)
HAHT Cu, AERAKFANELHE. AN, HEHHCATEGEL
EBEER ANCHEW TEES R AR, B4 TEREH LRSS
B E. AOESOREAPERG AR FAROLAKRRRS,
REBEBES. ERNAFFHAGHURLERCEZEA, LEBFS
FEHRBTELARRRBRGRTREZEGRTAA, AREH
FRLE. FEARIAHNEIRGRIHREGAERE. TREWH
FHRAE & RS RN BAAT Al(Cu).

HERFRABGRAALLRARAERFT %, LF, EARET
WA, EABPHAANEL, REAFALAHE, FrrEfies
WL (CMP) , R FEAKEARGG LSRRG, BILEEM
ENEHRGARAERTERGEE 3 ARBLE, LEBFGFIEELEEE.
EEABERGRE. NFORELY, RAURFLGSEA RSP
BAARYEBEMNGBRIAGATREA AR, WA Fba00H4
SR EENELEORTHREATR. A A XLEREAAREEBEER
FEIXK, T, FREXRBEARER (PVD) . LFAMER
(CVD) . R ARR, REAALAE. BT ELEBFFEHR
Z4, RAARFARBUNABEERE N THRTERAREE, AAZ
REAFHTREFEBREGENRAMARGRL. G TRIBE LR

1

Page 188 of 616



------

BEEREHE (DAT) 583 H (F) SR, LF D 2HGF %
£, TRESNBE, K AXFEZFH. FTeEBPEHIIRGE
B, BEhh FLHA2 Z%E #=(Ds/Dx)W, A ¥ Z*Z A 4548,
e x0T, EXEY, DsD)ZAEIBE,  WRETKRR. B
HATEHELAZ, RS TARGHEPTERSRIFEERAGARKE
KERERBGERZEGRAM R QAR KARERPRTZR.

EIEEBHBETUE CMP Z 6347, AL MBESHAA L
BY, FEARFGAG LR/ AR E, ABELALRE A4 H
AR IBERETR. RIZLMEHATAREELHEHAESSH
KX EHAERERRERTHART 2R ALK T
FEERETHRE, AERERHOTERE.

ARARE

#WEAKXN, #3TFE#EE CMP %—F&%&&&Lzzﬁﬁﬁi
@ ERBE—A 120nm HEEHEE, RETHRIASGEZEALE, U
BAEEGLEREf/R S ARIB PR EEH. b, B,
BAZRPHEGHENE, AGRETERFAREE. AAHRET
AU EBERFTENAERAFALYREER LS F &, m*ﬁm@,
B FfeR BN RGEH.

REBRERILOLTH IR,

a. APdETFHRAHNAFREBEERELAG, i 1HF.

Cu + Pd*t e ACu™ + Pd (1)

X—JRERAZEAGLEEGTSAPdB/RET, AT I HRGE
L.

b. BACERFEABHRUEREEIEGE, wHFR2LHAF.

& B +Me™ +Cu ------ 4Cu/Me +i&k 846532 B A (2)

AP M2 2B ET, #ld Co¥.

Blde, ERABRREMEAERN, FETFTHAIBEZLE, HNAH
B3I TFHRERE.
2H,PO, +Co* +H,0...((..Cu..)) ----4Co +2HPO,* + H,+4H*  (3)

2
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EEAEHF, RNERTEEGABRERE, HH{2 B, &,
4. BALES. 4. RLEd. BLePEYLEALRAEA
FheETGLE ETAERGR, ESEARLCHERN, Hotks
EMikde Co-BX Ni-BZEGHECEDL 26— FRAMK.

EETHK ad b HERE, BEAOERERORILEENLEHE
SLERGBERIA 1-10nm & FEAK, HHRAILFRP/R
2ERTEALERTRAGLIBEABTHBET.

EREAHAEEREBEN LGREAGER LT, THEEX
BN TAERRARAELESRY.

1. FATLEOARBORELAN: ITEXILHNHE, BX
BEY 200m, 32 1-10nm. ABXHFXEFES 3 AT EHA:
a) ARG EEEREHAXEMEAXT 20%, b) EABFRZIFE
HTHRERGBELENER, AE o) AFAIRERES G —F &,
ATRBEGHAREL LGN REG XN MR A OO RLETES
BAREGTRFEAE, ERARIER/NM AL BEAEFIEALGE
P AABLEGENHEBEIT - E#HEBHEL®, FHAM CVD
FEHEG LS.

2. BRE RS EM S TLE Co-Sn-P. Co-W-P. Co-P & Pd.

3. BASREBEGEA L 300CFH#EX 2 Mo, AR -FHRE
58500 FRAREEESL, FARBIR/N AT ORBARTE
AAGHTFEARARTELEAR G K. ASK/A R G4 T4H
S$hEBAEAFRLEGAREZR. SR LFHAFARETRA
AEFHRAAABZITRAELARTHLEEREIGNARET AR
¥.

4. ERGABEHE CVD RAECHERTLZLTURARERLAL
FROP/IZLEROGATARGABERFRLEE, RERFTHIK
ME GGG TBHE.

M B 3Le

EEAONBFEALVGTAHFaNEN, AXYbhle
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ALERHRE, B 1 ZRSAREERIZLHENRAKAAILGER
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AR 1P, ERERER 10 AAMK 11, TRAAH I Si. SiGe.
Ge. SOI # GaAs. HE& 11 P T A4 %% FET A F 198EEK 16
FoK 17 AEZM 18. ERE 16 #BR 17 6§ RITAK 11 Lk
SAHEK 214 22. BAHE I HEAHEEALHE 21 F 22 LK FET
BAET19L. AEFHABERT Y, FALE 25 AFABAL.
E 23 #o2B 25 HALFHHBE (CMP) £, Hliedy KALEARLY
BEE 2 HHFAE I LEABE. ARE 27 #FELE 26 L,
FELTHEAR. HE 8 HBREAMGRSFMNEL, REAA
HAATHGBRESL29. B CMP 3 & 27 B4 29878 F. EE2TH
BE9G AR LAEREZLI. AREEN LHANRE 3. £
E34 RN dHBABLTY, BIAERF o FHBALERAL I3 i
BEGLEAHAREI 34. B CMP FHE-F & 32 ilil 34. £E 32
FosBil 34 LRHMEBLEE 36. EREE 36 LHEMNRE 37. £E 37
FoBEE36PHRABRET . EEITFRBLE 36 AR T HBAM
¥ 38. AELBBARAAMIAHRESE 39. M CMP 7HEFEIT H
B&39. AEITALELIVLNANELEIE 2. BEE26 3173641
WARRTFE 23. 27. 32 # 37 40 RERY, TARX R, 14
MA% (DLC) . £4 DLC. REFX®. SiCOH ¥F. £ 1998 # 6
A 29 B3R EH No.09/107567 +, ##&E T SiCOH, M&#F| A HF %
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B 242D FRTAAHARLEEALKELGLZIEA, RPBTAL
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HEENHRTE60. B 2CHF, A CMP AR FHHATHK 60 #
HES9, IHBAEEGELT. B 2D AT, FHLELERE 63#
RBERBRAHEFK 60 L. B 242D FFH TLTANT 448
FhREXREER.

B 3ARNEERILHIZIHRAE, LA FPRLKEAELMERR
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FEG6TF, AMEL 71 SELRBEEAINRE 66 2 67 AFT
BATNHBARNGEAZ (kFH) . HAHEH, ZFT0OHEBFoTAE
ABAAKE 67 MM, RETARALBBRLBIE 67 F R4
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I BANZGELE HER I GPOLROFRFEOHETHSA
Bk, RARBFTRABENRE 42, ARORBRETRERRTE
R E.

Ba4mraEZ LR 5 ZA TS5 E. B47ETELA
SiNX/SiO2 M A= S 24N GRE. MARE 67 A& W&
L77THBIMNEL O TARFHAFKRTOR—%GT WEET76. 8%
K70 EzAkBEREAAME 69, BEAEN 028um. A4 70 b
#., AFAT0RF A 8IHE IRERHNAFAE SN TAE. &
F AR W Z 4 76 A3)43-51K 80. B CMP E-F4HF4 70 AR E 67
BEik&H. REEFAIFAR 70 LA LEHSEE 74. RABER
A RE 6 HELE 67 AT 70 L. RE 6THHELE 66
Lt BARE PP HARAMPEL, FEARPELFHAEHE, K
Z A REFA 80 HATHA. A CMP & 674854k 80 k47 5-F.
FEK 80 BHEBAEME, UBLEAFAE 80 P ELEBLH. &L
BABRWE 2BRPVFEE THREATFHR SO L, MRE A HHAKLE
82 b, AHELAMHEBHALCRPGEREE 74 HARE 1| FIT8LE
E# R K EH 75, & 294CH 25mA/mm® THBMEE L.

BSscd TE24CTEEEBRX, AU T=GLALEH L 69
FERFKR 70 SEFAGLAKAERE 74 SRLKGEFHFS.
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DESCRIPTION CN1364311

Surface coating method to reduce electromigration and stress induced migration of copper wiring
Technical field

The present invention relates to metal interconnections on se miconductor chips, and more particularly relates to
a surface coating or treat ment for preventing the downward movement of atoms of a conductor surface by an
electron current, i.e. the so-called electromigration phenomenon and/or prevention of a tendency The siress
gradient that releases the stress causes the surface of the conductor to move, that is, the so-called stress-induced

migration.
Background technique

The ever-increasing density and speed of microelectronics have shifted the metallization system from Al(Cu) to
Cu in order to reduce the resistance of the conductor. At the same time, the requirement for higher current
densities has exposed the Al{Cu) wire as a result of electromigration failure, limiting the range of performance
that circuit designers can improve. The higher melting point of copper is expecied to improve the current
carrying capacity of the conductor and extend the electromigration life. However, we have found from the test
results that the electromigration lifetime mainly depends on the atomic behavior such as the ato mic transport at
the copper/dielectric interface, and does not depend on the copper lattice, grain boundaries, or copper/liner
interfacial atoms The intrinsic properties of transport. Thus, it was confir med that the copper conductor's
current-carrying characteristics are not significantly superior to Al(Cu).
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The basic process for fabricating a copper conductor pattern is to use a damascene method in which a trench is
formed in a dieleciric layer, a liner is formed in the trench, the trench is then filled with copper, and chemical
mechanical polishing (C MP) is performed on the trench to ter minate it. Dielectric layer coplanar clean copper
top surface. The copper/metal liner interface is formed on the other three surfaces of the copper conductor.
Electromigration lifetime is a function of line thickness, width, and cross-sectional area. The measured data show
that only the top surface contributes to the mass transport of copper conductors having a bamboo-like and near-
bamboo grain structure, while the combination of the boundary and the surface coniributes to the mass transport
of the wider lines. The same relationship was found to be independent of the copper deposition method, ie, this
problem occurs regardless of whether deposition is performed by physical vapor deposition (PV D), chemical
vapor deposition (CV D), or electroplating. In addition to the electro migration lifetime failure, it has also been
found that the copper conductor pattern is sensitive to the atomic voids under thermal cycling stress and it was
found that the voids always start at the copper/medium interface with the highest ato mic mobility. Since the
copper migration rate, i.e., the drift speed, is the product of the mobility (D/kT) and the driving force (F), where
D is the diffusion rate of copper, T is the absolute tem perature, and k is the Boltzmann constant, For
electromigration and stress~induced migration forces, the driving forces F are respectively Z<#>e¢E and

(Ds/Dx) W, where Z <> is the number of effective charges, e is the elecironic charge, and E is the electric field,
{Ds/ Dx) is the stress gradient and W is the atomic volume. It is unavoidable that achieve ment of copper
conductor technology that can achieve the highest performance and reliability requires changing or correcting

the copper/ media interface of the overlay to reduce copper transport and atomic voiding.

The modification of the copper conductor surface can be performed after C MP. This process should be selective
for copper and provide a thin layer on the surface of the copper conductor so as to remain substantially coplanar
with the dielectric or insulator containing the trench. This process must result in better adhesion between the
copper conductor and the subsequently fabricated media on the layer and better oxidation resistance of the
copper atoms in the copper conductor and reduced {ransport of the copper conductor atoms in order to provide
the highest reliability.

Sum mary of the Invention

According to the present invention, the exposed copper surface of the copper conductor is changed by
providing a 1-20 nm metal thin layer on the copper surface after a process such as C MP leveling or dry etching
for subsequent chip processing and/or chip During use, sensitivity to electromigration, oxidation, corrosion,
stress voids, and delamination is reduced, thereby improving reliability and yield. The present invention
proposes an electroless metal deposition method as a method of forming a thin metal layer on a copper

conductor for im proving electromigration lifetime and stress-induced migration.

This selective deposition process includes the following steps.
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a. The copper surface was selectively activated with a Pd ion catalyst as shown in Equation 1.

[chemical formula] (1)

This step leaves a plurality of Pd nanoparticles on the surface of the copper wire and is used as a catalyst for the

next step.

b. A metal or alloy is selectively deposited by an electroless reduction method as shown in Equation 2,

[chemical formulal (2)

W here Me<n+> isa metal ion, such as Co<2+>.

For example, using a hypophosphite as a reducing agent and a cobalt ion as a covering metal, there is a chemical

reaction represented by Equation 3. [chemical formula] (3)

In the present invention, we use the above hypophosphite system and deposit metallic palladium, cobalt, cobalt
tungsten, cobalt tungsten phosphide, cobalt tin, cobalt tin phosphide, cobalt phosphide and other alloys of cobalt
onto copper. On the surface of the conductor, It will also be understood that other reducing agents can be used,

for example dimethylaminoborane capable of depositing other types of alloys such as Co-B or Ni-B.

As aresult of the above steps a and b, the exposed surface of the copper conductor is coated with a thin film of a
metal compound or alloy preferably having a thickness of 1 to 10 nm. The film is strongly adhered to the copper

surface by chemical bonds and/or metal bonds. Copper atoms in or on copper surfaces.

In the damascene process used to fabricate copper interconnects on integrated circuit chips, the following

important findings are critical to the present invention.
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The thickness of the coating film on the copper surface must be thin: the maximum thickness is 20 nm, preferably
1-10 nm, due to the damascene process. In this way, at least 3 main properties are obtained: a) The resistivity of
the copper wire is not influenced or increased by more than 20%, b) The leakage that may be caused by the
bridging between the respective copper conduciors is eliminated, and ¢) The copper conductor or copper The
line does not need to be leveled further. In order to provide a flat top surface of the dielectric layer subsequently
formed thereon without having to level the top surface of the subsequent dielectric layer, a leveling or
substantially leveling of the copper conductor/media surface is required. A surface siep feature is transferred to

the surface by the next layer, especially the surface made by the CV D method.

2.
The preferred component of the coating film may be Co-Sn-P, Co-W-P, Co-P or Pd.

W afers with a coated film are annealed at 300° C. for 2 hours to further improve the chemical or metal bonding
with the copper surface and slow the diffusion of copper atoms along the copper surface at the copper
conductor/dielectric interface and along the copper atoms Grain boundary diffusion.

The copper conductor/dielectric interface is between the copper conductor and the dielectric layer formed on
the copper conductor. The copper conductors in the damascene process are located in the trenches in the metal

liner of the metal liner that is made in the trench prior to filling the trench with the copper conductor.

4,
Metal selective CV D or other deposition processes can also be used to deposit a metal {ilm on a surface of a
chemically and/or metalically bonded copper conductor in order to obtain a higher electromigration resistance

of the copper conductor,

Description of the drawings

These and other features, objects, and advantages of the present inveniion will become apparent from the
following detailed description of the present invention when taken in conjunction with the accompanying

drawings, in which:
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FIG. 1is asectional view of an embodiment of the present invention.

2A-2D are cross-sectional views of various stages of manufaciure of a second embodiment of the present

invention.

3A-3E are cross—sectional views of various stages of manufacture of the third embodiment.

FIG. 4 is a cross-sectional view of a three~-layer electro migration test structure,

The graph of Figure 5 shows the ohmic resistance versus time of the copper conductors and linings in the
dieleciric layer trenches with and without the metal thin film on the top surface.

detailed description

Referring now to the drawings, Fig. 1 is a cross-sectional view of an exam ple of a copper back end (BEOL)
structure on an integrated circuit chip 10 containing copper lines and vias made using a single damascene

process.

InFIG. 1, the integrated circuit chip 10 has a substrate 11, which may be, for example, Si, SiGe, Ge, SO, and
GaAs.

The source region 16 and the drain region 17 and the gate 18 of a typical FET transistor 19 can be made in the
substrate 11. On both sides of the source region 16 and the drain region 17 are oxide regions 21 and 22 recessed
on the substrate 11. An oxide layer 23 is formed on the oxide regions 21 and 22 and the FET transistor 19, A
source contact window is formed in layer 23 and filled with metal 25, typically tungsten. Layer 23 and metal 25
are planarized by chemical mechanical polishing (C MP). A cover layer 26 made of, for exam ple, silicon nitride is
formed on the upper surface of the layer 23 . A dieleciric layer 27 is formed on layer 26 and forms a trench
therein. Liners 28 are formed on the bottom and side walls of the trench and then filled with copper to form lines
29, Layer 27 and line 29 are leveled with C MP. A cover layer 31 is formed on the upper surface of the layer 27
and the line 29. A dielectric layer 32 is formed on the cover layer 31. A via window isformed in layers 31 and 32,
followed by the formation of metal liner 33 and metal such as copper in the window to form via 34 The layer 32

16-06-2018 5

Page 204 of 616



and the through hole 34 are leveled by the C MP method. A cover layer 36 is formed on the layer 32 and the
through hole 34. A dielectric layer 37 is formed on the cover layer 36. Grooves or windows are formed in layer
37 and cover layer 36. A liner 38 isformed in the grooves of layer 37 and cover layer 36. The trenches are filled
with metal copper to form lines 39. The layer 37 and the line 39 are leveled by the C MP method. A cover layer 42
1s formed on the layer 37 and the lines 39 . The cover layers 26, 31, and 36 are composed of different media than
layers 23, 27, 32, and 37 and may be silica, diamond-like carbon {DLC), fluorinated DLC, polyarylene ether,
SiCOH, and the like. In No. 09/107,567, filed June 29, 1998, SiC O H is described, which is hereby incorporated
by reference to show an example of alow k (dielectric constant) medium. Note that BEOL is manufactured using
a single damascene copper process, L.e., each copper layer is separately processed, and the tops of lines 31 and 39

form an interface with the dielectric 8.

Figures 2A-2D illustrate the process sequence used to fabricate single damascene copper lines illustrating selective
deposition of a metal cap layer by electroless plating In this process sequence, as shown in FIG. 24, dieleciric
layers 55-57 and 58 are deposited. As shown in FIG. 2B, the pattern is transferred into dielectric layers 56 and 57
using a photolithography process. A liner metal 59 is then deposited, followed by deposition of a copper
conductor 60 having a thickness greater than the depth of the pattern. As shown in Fig 2C, excess copper
conductor 60 and liner 59 are removed by C MP to form a flat surface. Asshown in FIG. 2D, a thin electroless
metal coating 63 1s selectively deposited on the copper conductor 60. The process shown in FIGS, 2A-2D can be

repeated for the next copper conductor interconnect layer.

Fig. 3 is a process sequence of a dual damascene process in which copper lines and through holes are
simultaneously deposited. Starting from the flat dielectric layers 65-67 shown in FIG. 34, the pattern of vias 71 is
transferred through the dielectric layer 67 shown in FIG. 3B, and the line or via pattern is then transferred to layer
67 as shown in F1G. 3C. Through-hole etching of vias 71 continues through the dielectric layers 66 and 67 until
the previously for med copper wire (not shown), Alternately, the graphic window of iine 70 may be first
transferred through dielectric layer 67 and then the via pattern may be transferred into layer 67 to provide the
window shown in Figure 3C. A liner metal 69 is then deposited. Copper is generally deposited in two patterns by
electroplating and planarized by € M P to provide the structure of lines 70 and vias 71 shown in FIG. 3D. Then, as
shown in Fig. 3E, an eleciroless metal coating 74 is formed on the top surface of the line bar 70, As the structure
continues to the next layer, it is required to repeat the steps of making flat media layers 66 and 67 shown in FIG.
3E. The electroless coating 74 now separates the copper surface of the line 70 from the planarized media 66" The
materials used for layers 23, 27, 32 and 37 may be used for layers 55 and 57 in Figures 2A-2D and layers 65 and 67
in Figures 3A-3E. The materials used for layers 26, 31, 36, and 42 may be used for layer 56 in FIGS. 2A-2D and
layer 66 in F1GS, 3A-3E.

In both the single damascene process and the dual damascene process shown in Figs. 2 and 3, by enveloping the
copper conductor entirely with the metal layers 59, 63, 69 and 74, a very important improvement in reliability is

provided. Currently, the main manufacturer's copper BEOL process only provides the three-sided cover formed
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by the liner 38 shown in FIG. 1, and the fourth surface of the conductor 39, ie, the top surface, is shown in
contact with the medium, which is usually the cover dieleciric layer 42, and the interface thereof. It is the source

of copper atom transport and atom cavity.

The test structure 75 shown in FIG. 4 is used for electromigration life measurement. Figure 4 shows a cross-
sectional view of a three-layer damascene interconnect with SiNx/Si02 dielectric. The dielectric layer 67 has
lower W lines 76 connected to the lower surface of the liner 69 and the first end of the copper conductor 70
through the W -vias 77. The copper conductor 70 has a liner 69 on three surfaces and has a width of 0.28 1 m.
The copper conductor 70 is plated. The second end of the copper conductor 70 is connected to the lower surface
of the copper conductor 80 through the liner 79. The electron flow flows from the W line 76 to the copper
conductor 80. The upper surface of copper conductor 70 and dielectric layer 67 is leveled with CMP. Then, a
metal film 74 is formed on the upper surface of the copper conductor 70. A dielectric layer 66 composed of
silicon nitride is formed on the layer 67 and the copper conductor 70. Dielectric layer 67 is formed on layer 66'.
Grooves and through holes are formed in the dielectric layer 67, and linings are formed in the grooves and
through holes, followed by filling with the copper conductor 80. Layer 67 and copper conductor 80 are leveled
by C MP. The copper conductor 80 is selected to be wide and short to prevent electromigration damage in the
copper conductor 80. A layer 82 of silicon nitride is formed on the layer 67 and the copper conductor 80.
Dielectric layer 84 is formed on layer 82. The test structures 75 with various electrolessly deposited metal coatings

74 and without the coaiings shown in Figure 1 were eleciromigraied at 294C and 25 mA/mm<2>.

FIG. 5 shows an eleciromigration test at 294° C. illustrating the excellent lifetime of a copper wire with a metal
liner 69 on three sides and a metal layer 74 coated on the top surface of the copper conductor 70. In FIG. b, the
ordinate represents R/R0 and the abscissa represents time in hours. Note that as a function of the change in
resistance as a function of the monitoring rate of the migration rate, a nor mal failure level of 1.2 was not reached
in FIG. 5, indicating that even after 20 times the time of failure of the uncoated copper wire, the sample was
coated. Change the resistance by 20%. Figure 5 shows that the metal coating 74 significantly improves the
electromigration lifetime. The change in resistance of the copper conductor 70 in the test structure 75 is
monitored as a means to track the extent of the copper atom migration that is occurring. The more the resistance
changes over iime, the more copper atoms are transported and the shorier the copper conductor life is. As shown
in FI1G. 5, in the uncoated samples shown in curves 9194, the resistance increases sharply, and in all the samples
coated by the metal film 74, as shown by curves 97-99, the resistance The change is slow, In this test, the normal
life is defined as a 20% change from its original resistance R0, and it is still not reached after at least 2200 hours,
and the uncoated copper wire on the top surface fails within 100 hours. The curve 97 shows the lowest rate of
change with the Co W P coating 74, but all the CoSnP shown by the curve 98 and the Pd shown by the curve 99 all
provide longevity as well. Expecting this i mprove ment to be extrapolated to the operating te m perature of

100° C will give an electromigration and stress migration lifetime increase of more than two orders of
magnitude, which means that the circuit designer has great flexibility and effectively eli minates the use of current
limiting The electromigration of factors. It has also been found that no atomic stress voids are observed in the

same set of coated sam ples under thermal cycling conditions that produce voids in a standard, uncoated sample.
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This test result further supports the hypothesis that the surface or interface of the copper that is not coated with

the mediais electromigration and thus a major source of reliability degradation.

Although structures and methods for improving electro migration resistance in copper conductors and reducing
stress induced migration by forming a conductive film having metal-to-metal che mical bonding and metal
bonding on an upper surface of a copper conductor have been described, It will be apparent to those skilled in
the art that various modifications and variations can be made without departing from the broad scope of the

invention, which is limited only by the scope of the appended claims.
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CLAIMS CN1364311

1

A method for fabricating a conductor having high resistance to electromigration, comprising the steps of:
forming a dielectric layer on a substrate, forming at least one trench in the dielectric layer, forming a metal liner in
the trench, A conductor is formed on the metal liner to fill the trench, a flatiened upper surface of the conductor
coplanar with the upper surface of the dielectric layer is formed, and a conductive film is formed on the upper
surface of the conductor. The conductive film forms a metal-to-metal metal bond.

2,

The method of claim 1, characterized in that said step of forming a conductive film includes the step of forming
said conductive film by an electroless deposition method so that said upper surface of said conductor is
prevented from oxidation and corrosion and provided High resistance {o electromigration and high resistance to

ther mal stress cavitation.

3

The method according to claim 2, wherein the electroless deposited film has a thickness of 1 to 20 nm.

4,

The method according to claim 2, wherein the electroless deposited film has a thickness of 1 to 10 nm.

5.

The method of claim 2, wherein said electroless deposition step includes the following steps:
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The substrate is first im mersed in a solution of a metal ion to form a metallic nanoparticle layer on the upper

surface of the conductor.

The substrate is then im mersed again in an electroless complex solution of metal ions and hypophosphite ions to
form a metal phosphide conductive film on the upper surface of the conductor, and

The substrate is annealed for at least 2 hours at a te m perature of at least 300° C in an inert or reducing

atmosphere to obtain exceilent adhesion between the conductor and the metal phosphide conductive film,

6.

The method of claim 5, wherein the re-im mersion step is omitted.

7.
The method of claim 5, wherein the conductive film is selected from the group consisting of Co W P, CoSnP,
CoP, Pd, In, and W, and has a thickness of 1-20 nm.

8.

The method of claim 2, wherein said electroless deposition step includes the following steps:

The substrate is first im mersed in a metal ion solution to form a metal nanoparticle layer on the surface of the

conductor.

The substrate is then im mersed again in an electroless complex solution of metal ions and dimethylaminoborane
to form a metal-boron conductive film layer on the upper surface of the conductor, and

The substrate is annealed for at least 2 hours at a te m perature of at least 300° C in an inert or reducing

atmosphere to obtain excellent adhesion between the conductor and the metal boron conductive film.

9.

The method of claim 1, characterized in that said conducting is performed by a physical method such as
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chemical vapor deposition (CV D), physical vapor deposition (PV D), evaporation, sputiering, and meta)
ther mal interdiffusion. A film is coated on the surface of the conductor.

10.

The method of claim 9, wherein the conductive film is selected from the group consisting of Pd, In, W, and
mixtures thereof.

11

A structure that contains:

The dielectric layer on the substrate,

Fabricating at least one groove in the medium on the subsirate,

Making a metal lining in the groove,

The conductor on the lining filling the trench,

The flattened upper surface of the conductor with the upper surface of the dielectric layer, and

The conductor is a conductive film on the upper surface, and the conductive film formsa metal-to-metal
chemical bond and a metal bond,

12,
The siructure of claim 11, characierized in that said conductive film is selected from the group consisting of
Co WP, CoSnP, CoP, Pd, CoB, CoSnB, CoWB, In, NiBand W so as to prevent said upper surface of said

conductor from being Oxidation and corrosion,

13.

The structure of claim 12, wherein the conductive film has a thickness of 1 to 20 nm.
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14.
The structure of claim 12 further comprising an insulating dielectric coating on said conductive film and said

dielectric layer on said dielectric layer.

15,
The structure of claim 14, characterized in that said insulating dielectric coating is selected from the group
consisting of silicon nitride, silicon oxide, an insulating com pound having a dielectric constant of less than 3.2,

SIC O H, diamond-like carbon, fluorinated diamond-like carbon, and polyarylene Group of ethers,

16.
The structure of claim 11 wherein said conductor is selected from the group consisting of copper and copper

alloys.

17.
The structure of claim 11 wherein the substrate is selected from the group consisting of silicon, silicon

germanium, SOI, and gallium arsenide.

18.
A method for manufacturing a conductor having high resistance to electromigration, which includes the

following steps:

Forming a patterned conductor on the substrate

A conductive film is formed on the surface of the conductor, and the conductive film forms a metal-to-metal

metal bond.

19.

The method of claim 18, wherein said step of forming a conductive film includes the step of for ming said
conductive film by an electroless deposition method so that said surface of said conductor is prevented from

oxidation and corrosion and provided High resistance to electromigration and high ther mal stress cavitation.

20.
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The method of claim 19, wherein the electroless deposiied film has a thickness of 1-20 nm.

21.

The method of claim 19, wherein the electroless deposited film has a thickness of 1to 10 nm.

22,

The method of claim 19, wherein said electroless deposition step comprises the following steps:

The substirate is first im mersed in a solution of a metal ion to form a metallic nanoparticle layer on the surface of

the conductor.

The substrate is then im mersed again in an electroless complex solution of metal ions and hypophosphite ions to
form a metal phosphide conductive film on the surface of the conductor, and

The substrate is annealed for at least 2 hours ai a te m perature of at {east 300° C in an inert or reducing

atmosphere to obtain excellent adhesion between the conductor and the metal phosphide conductive film.

23.

The method of claim 22, wherein the re-im mersion step is omitted.

24,
The method of claim 22, wherein the conductive film is selected from the group consisting of Co WP, CoSnP,
CoP, Pd, In, and W, and has a thickness of 1 t0 20 nm.

25.

The method of claim 19, wherein said eleciroless deposition step com prises the following steps:

The substrate is first im mersed in a metal ion solution to form a metal nanoparticle layer on the surface of the
conductor,

The substrate is then im mersed again in an electroless complex solution of metal ions and dimethylaminoborane
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to form a metal~boron conductive film on the surface of the conductor, and

The substrate is annealed for at least 2 hours at a te m perature of at least 300° C in an inert or reducing

atmosphere to obtain excellent adhesion between the conductor and the metal boron conductive film.

26.

The method of claim 18, characierized in that said conducting is performed by a physical method such as
chemical vapor deposition (C VD), physical vapor deposition (PV D), evaporation, sputtering, and metal

thermal interdiffusion. A film is coated on the surface of the conductor.

27,
The method of claim 26, wherein the conductive film is selected from the group consisting of Pd, In, W, and

mixtures thereof.

28.

A structure that contains:

Patterned conductor on the substrate,

A conductive {film on the surface of the substrate, the conductive film forming a metal~to~metal metal bond.

29,

The structure of claim 28, wherein said conductive film is selected from the group consisting of Co WP, CoSnP,
CoP, Pd, CoB, CoSnB, Co WB, In, NiB, and W so as to prevent said upper surface of said conducior from being
Oxidation and corrosion.

30.

The structure of claim 29, wherein the conductive film has a thickness of 1 to 20 nm.

31

The structure of claim 29, further comprising an insulating dielectric coating on said conductive film of said

conductor.
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32,
The structure of claim 31, characterized in that said insulating dielectric coating is selected from the group
consisting of silicon nitride, silicon oxide, an insulating com pound having a dielectric constant of less than 3.2

SIC O H, diamond-like carbon, {luorinated diamond-like carbon, and polyarylene Group of ethers.

33.

The structure of claim 29, wherein the conductor is selected from the group consisting of copper and a copper

alloy.

34,
The structure of claim 29, wherein the substrate is selected from the group consisting of silicon, silicon

germanium, SO, and gallium arsenide.

35.
The method of claim 8, wherein the conductive film is selected from the group consisting of CoB, CoSnB,
Co WB, and NiB,

36.
The method of claim 25, wherein the conductive film is selected from the group consisting of CoB, CoSnB,
Co W B, and NiB.
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DESCRIPTION CN1921102

The present invention provides a copper interconnect structure as an interconnect. The interconnect structure
described above has a copper recess that is located in a damascene structure filled with copper in the via/trench
located in the dielectric layer. In addition, the interconnect structure described above may also have a metal
capping layer and fill in the copper recess. Since the interconnect structure of the present invention includes
copper recesses, the metal cap layer formed on the copper recesses in a selective growth manner can be well

controlled.

Interconnect structure and its manufacturing method, semiconductor device

Technical field

The present invention relates to a method of manufacturing a copper interconnect structure, and more
particularly to forming a copper recess in a damascene structure.

Background technique

Chip manufacturers continue to try to improve the process to achieve higher chip operating speeds. In the same
time that the semiconductor process technology is also developed, the RC delay effect of the multilayer
interconnect blocks the chip operation rate. The increase in multilayer interconnect resistance and capacitance
between multilayer interconnections creates a resistive/capacitive time delay effect. Due to the low resistance of

coppet, copper is the best choice among multilayer interconnect materials.
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In the known copper interconnect process, a dielectric stop layer such as a nitride layer is formed after chemical
mechanical polishing (C MP) of copper. The poor interface between copper and the stop layer is a major obstacle
to component reliability. So metal coatings such as tungsten (W), cobalt (Co), cobalt phosphotungstenide

(Co WP) or cobalt tungsten boride (Co W B) are provided to improve the interface between copper and the stop
layer. As such, the above-described metal capping layer is usually formed in a selective growth manner, but such
aforming manner is difficult to control and causes the metal capping layer to grow laterally. Leakage due to
lateral growth of the metal cap is a significant problem.

Sum mary of the Invention

In view of this, the main object of the present invention is to provide a method of manufacturing a copper
interconnect structure that forms copper recesses in a damascene structure to im prove the above-mentioned
problems of the known technology.

The present invention provides an interconnect structure including:

A damascene structure, including a dielectric layer, and vias and/or trenches in the dielectric layer;

a conductor filled in the via hole and/or the trench, wherein a top surface of the conductor is lower than a top
surface of the dielectric layer; and

Cobalt-containing coating on the conductor.

According to the interconnect structure described above, the distance between the top surface of the conductor
and the top surface of the dielectric layer is 20 to 200

According to the interconnect structure, the top surface of the cobalt-containing capping layer on the conductor
is substantially coplanar with the top surface of the dielectric layer.

According to the interconnect structure, wherein the cobalt-containing cap layer includes cobalt, cobalt
tungsten, cobalt phosphotungstate, or cobalt tungsten borocarbide.
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According to the interconnect structure, wherein the conductor comprises copper or a copper alloy.

According to the interconnect structure, an etch stop layer is further included on the cobalt-containing cap layer

and the dielectric layer.

The invention also provides a method for manufacturing an interconnect structure, com prising:

Forming a damascene structure in the dielectric layer;

Filling the conductive material in the damascene structure to form a conductor;

Dent the surface of the conductor below the top surface of the dielectric layer; and

A cobalt-containing cap layer is formed on the recessed conductor.

According to the manufacturing method of the interconnect structure described above, the recess process of the

conductor is a chemical mechanical polishing process.

According to the manufacturing method of the interconnect structure described above, the chemical mechanical
polishing process is performed using hydrogen peroxide, nitric acid, hypochlorous acid, chromic acid, am monia

oram monium salt as an oxidant, and slurry as an abrasive.

According to the method for manufacturing an interconnect structure, the method further includes:

Before filling in the conductive material, a conductive barrier layer and/or a seed layer are formed on the

damascene structure;

Performing a chemical mechanical polishing process such that the surface of the conductor is substantially
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coplanar with the top surface of the conductive barrier layer and/or the seed layer on the dielectric layer; and

Before the surface of the conductor is recessed, the conductive barrier layer and/or the seed layer on the dielectric

layer are removed.

According to the method of fabricating the interconnect structure, wherein the cobalt-containing capping layer is
formed on the recessed conductor, and the cobalt-containing capping layer does not extend to the top surface of

the dielectric layer.

According to the method for fabricating the interconnect structure, wherein the cobalt-containing cap layer

includes cobalt, cobalt tungsten, cobalt tungstotungsten, or cobalt tungsten boride.

According to the manufacturing method of the interconnect structure described above, the cobalt-containing

capping layer is formed in a selective growth manner.

According to the manufacturing method of the interconnect structure described above, before the cobalt-
containing cap layer is formed, a cleaning process is performed to recess the conductor.

According to the manufacturing method of the interconnection structure described above, wherein the cleaning
process is performed in an acid-containing environment, the acid includes nitric acid, hypochlorous acid or

chromic acid.

According to the above described method of fabricating an interconnect structure, wherein the conductor

includes copper or a copper alloy.

According to the method of fabricating the interconnect structure, an etching stop layer is further formed to

cover the cobalt-containing cap layer and the dielectric layer.

An embodiment of the present invention provides a method for manufacturing an interconnect structure,
including: a damascene structure and a copper conductor, wherein the copper conductor is located in the above-
mentioned mosaic structure. The damascene structure described above includes vias and/or trenches in the

dielectric layer. The top surface of the conductor is lower than the top surface of the dielectric layer; and the
16-06-2018 4
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conductor recess is formed.

In addition, an embodiment of the present invention provides another interconnect structure. The interconnect
structure includes a conductor recess in the damascene structure; and a conductive cover layer on the conductor

recess, and the conductive cover layer does not extend to the top surface of the dielectric layer.

An embodiment of the present invention further provides a method for manufacturing an interconnect structure,
including: forming a via hole/trench in a dielectric layer. A copper conductor is filled in the vias/trenches and
substantially exceeds the surface of the dielectric layer. Thereafter, a copper removal process is performed so that

the top surface of the conductor is lower than the top surface of the dielectric layer to form a copper recess.

Since the interconnect structure includes copper recesses, the metal cap layer formed on the copper recesses in a
selective growth manner can be well controlled. The above-mentioned metal cap layer does not grow in the
horizontal direction, resulting in the occurrence of a short-circuit or leakage problem.

Description of the drawings

FIGS. 1A-1H are cross-sectional views illustrating a method of fabricating an interconnect structure according to
an embodiment of the present invention.

A mong them, the reference numerals are as follows:

10 Substrate

20 M etal interconnect
25 Insulation

30 Dielectric layer
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32 Viahole

34 Groove area
42 Conductive barrier
44 Seed layer

50+ 50 conductor

52 K

54 Overlay

56 Etch stop layer

60 Dual damascene structure

detailed description

The interconnect structure and its manufacturing method according to the preferred embodiment of the present
invention will be described in more detail using the process cross-sectional diagram below. In the various
embodiments of the present invention, the same symbols denote the same elements.

Asshown in FIG. 1A, asemiconductor substrate 10 is provided. As shown in Fig. 1A, the metal interconnect 20
is patterned inside the insulating layer 25 such as silicon oxide. In addition, the dielectric layer 30 is deposited,
and the dielectric layer 30 is patterned to have the via hole portions 32 and the trench portions 34, thereby
forming a dual damascene structure 60 including the via hole portions 32 and the trench portions 34. Although
the dual damascene structure has been shown in FIGS. 1A to 1H, it is not limited to this dual damascene
structure, and other types of interconnect patterns are also metallized using this typical technique.

16-06-2018 6

Page 233 of 616



As shown in FIG. 1B, a conductive barrier layer 42 is deposited on the top surface of the dielectric layer 30 and on
the surfaces of the via holes 32 and the trenches 34. The conductive barrier layer 42 preferably includes tantalum
(Ta) or tantalum nitride. (TaN). Next, as shown in FIG. 1B, a seed layer 44 such as a copper seed layer is

compliantly deposited on the conductive barrier layer 42.

Asshown in Fig. 1C, a conductor 50 such as copper or a copper alloy is filled in the via hole portion 32 and the
groove portion 34 and over both surfaces by a plating process such as electroless plating or plating. As aresult,
the copper conductor 50 is electrically connected to the underlying metal interconnect 20 via the conductive

barrier layer 42,

Next, as shown in FIG. 1D, achemical mechanical polishing process is performed to remove a portion of the
copper conductor 50 and planarize its top surface so that the remaining copper conductor 50 '  is substantially
com mon with the conductive barrier layer 42 on the dielectric layer 30. Plane (or seed layer 44, if only seed layer
44 is present). After that, as shown in FIG. 1E, the seed layer 44 and the conductive barrier layer 42 on the
dielectric layer 30 are removed by etching or other chemical mechanical polishing process. As such, the top
surface of the remaining copper conductor 50’ will be slightly higher than the top surface of the dielectric layer
30. FIG.

As shown in Fig. 1F, the recess 52 of the copper conductor 50’ is formed to a depth of 20 to 200 A. Copper
recess 52 may be formed by a chemical mechanical polishing process. The chemical mechanical polishing
process preferably uses hydrogen peroxide (H202), nitric acid, hypochlorous acid, chromic acid, am monia, or
am monium salt as an oxidizing agent. And with a slurry such as alumina (A1203) as the abrasive; and deionized
water (Deionized W ater, DI water) added with benzotriazole (BT A).

The recess 52 of the conductor may also be formed by a cleaning process after the conductive barrier layer 42 on
the dielectric layer 30 is rem oved. The cleaning process is performed in an acid-containing environment, wherein
the above-mentioned acid includes nitric acid, hypochlorous acid, chromic acid, or the like.

Still alternatively, as shown in FIG. 1G, a conductive overlay 54 is formed to fill the recess 52 of the conductor.
Typically, the conductive cover layer 54 is formed in a selective growth manner so that the conductive material is
formed only on the surface of the copper conductor 50 and its recesses. In a preferred embodiment, the top
surface of conductive overlay 54 is substantially coplanar with the top surface of dielectric layer 30 (both having
the same surface). Preferably, the top surface of the conductive overlay 54 does not exceed the top surface of the
dielectric layer 30. The material of the conductive cap 54 may be any suitable conductive material such as a

16-06-2018 7

Page 234 of 616



tungsten layer formed by che mical vapor deposition (CV D). The preferred conductive overlay 54 is a cobalt
containing overlay. The cobalt-containing cap layer may be cobalt (Co), cobalt tungsten (Co W), cobalt
tungstophosphor (Co W P), or cobalt borocarbide (Co W B). After removing the conductive barrier layer 42 on
the dielectric layer 30 and no copper cleaning recesses 52 are formed by a cleaning process or an additional
chemical mechanical polishing process, the copper recesses 52 may be pre-capped via a pre-cap for mation
process. Clean procss). The pre—cleaning process prior to the formation of the cover layer can be performed in
an acid-containing environment, wherein the above-mentioned acid includes nitric acid, hypochlorous acid,
chromic acid or the like.

Since the copper wiring structure includes copper recesses, the conductive coating formed on the copper recesses
in a selective growth manner can be well controlled. Conductive coatings do not grow in the horizontal direction
and cause short circuit or leakage problems. As shownin FIG. 1H, in a preferred embodiment, an etch stop layer
56 may be formed to cover the conductive cap layer 54 and the dielectric layer 30. The cobalt-containing cap
layer 54 also improves the interface between the copper conductor 50" and the etch stop layer 56 thereon.

Although the present invention has been disclosed in the preferred embodiments as above, it is not intended to
limit the present invention. Any person skilled in the art can make some changes and modifications without
departing from the spirit and scope of the present invention. Therefore, the present invention The scope of

protection is subject to the definition in the appended claims.
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CLAIMS CN1921102

L

An interconnect structure including:

A damascene structure, including a dielectric layer, and vias and/or trenches in the dielectric layer;

a conductor filled in the via hole and/or the trench, wherein a top surface of the conductor is lower than a top
surface of the dielectric layer; and

Cobalt-containing coating on the conductor.

2.

The interconnect structure of claim 1, wherein a distance between the top surface of the conductor and the top
surface of the dielectric layer is 20 to 200.

3

The interconnect structure of claim 1, wherein a top surface of the cobalt-containing capping layer on the
conductor is substantially coplanar with the top surface of the dielectric layer.
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The interconnect structure of claim 3, wherein the cobalt-containing cap layer includes cobalt, cobalt tungsten,
cobalt phosphotungsten, or cobalt tungsten boride.

5.

The interconnect structure of claim 1, wherein the conductor comprises copper or a copper alloy.

6.
The interconnect structure of claim 1 further comprising an etch stop layer on the cobalt containing layer and the

dielectric layer.

1.

A method for manufacturing an interconnect structure includes:

Forming a damascene structure in the dielectric layer;

Filling the conductive material in the damascene structure to form a conductor;

Dent the surface of the conductor below the top surface of the dielectric layer; and

A cobalt-containing cap layer is formed on the recessed conductor.

8.
The method for fabricating an interconnect structure according to claim 7, wherein the recessing process of the

conductor is a chemical mechanical polishing process.

9.

The method for manufacturing an interconnect structure according to claim 8, wherein the che mical mechanical
polishing process uses hydrogen peroxide, nitric acid, hypochlorous acid, chromic acid, am monia or

am monium salt as an oxidant, and slurry as an abrasive agent. .

10.
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The method of manufacturing an interconnect structure according to claim 7, further comprising;

Before filling in the conductive material, a conductive barrier layer and/or a seed layer are formed on the

damascene structure;

Performing a chemical mechanical polishing process such that the surface of the conductor is substantially
coplanar with the top surface of the conductive barrier layer and/or the seed layer on the dielectric layer; and

Before the surface of the conductor is recessed, the conductive barrier layer and/or the seed layer on the dielectric

layer are removed.

11.

The method of fabricating an interconnect structure of claim 7, wherein the cobalt-containing capping layer is
formed on the recessed conductor, and the cobalt-containing capping layer does not extend to the top surface of
the dielectric layer.

12.

The method of fabricating an interconnect structure according to claim 7, wherein the cobalt-containing
overcoat layer com prises cobalt, cobalt tungsten, cobalt phosphotungstate, or cobalt tungsten boronitride.

13.

The method of fabricating an interconnect structure according to claim 7, wherein the cobalt-containing cap

layer is formed in a selective growth manner.

14.

The method of fabricating an interconnect structure according to claim 7, wherein a cleaning process is

performed to recess the conductor before forming the cobalt-containing cap layer.

15.

The method of manufacturing an interconnect structure according to claim 14, wherein the cleaning process is
performed in an acid-containing environment, wherein the acid comprises nitric acid, hypochlorous acid or
chromic acid.
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16.
The method of fabricating an interconnect structure according to claim 7, wherein the conductor comprises

copper or a copper alloy.

17.
The method of fabricating an interconnect structure of claim 7, further comprising forming an etch stop layer
over the cobalt-containing cap layer and the dielectric layer.
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3.In the drawings, any words are not translated.

CLAIMS

(57)[Claim(s)]

[Claim 1]While a process of forming an opening in an insulator layer formed on a substrate,
a process of depositing copper sedimentary layers on the substrate containing the opening,
and polish remove sedimentary layers of copper deposited on the insulator layer, A process
of carrying out polish removal of the copper deposited into the opening so that it may have
a level difference whose surface is lower than the surface of the insulator layer, A
manufacturing method of an integrated circuit device which contains, so that a barrier laver
is formed in a top surface of copper in the opening by a self aryne by carrying out flattening
polish of a process of depositing sedimentary lavers of a barrier material on a substrate
containing copper in the opening, and the sedimentary layers of the barrier material, and is

characterized by things. AR L - CHIE s/ SR AIRE O MIESIA

[Claim 2]A manufacturing method of an integrated circuit device characterized by
comprising the following.

A process of forming an opening in an insulator layer formed on a circuit board.

A process of depositing sedimentary layers of a barrier material on the circuit board
containing the opening.

A process of depositing copper sedimentary layers on sedimentary layers of the barrier 51 ﬁmmﬁg
material. : .
A process of carrying out polish removal of the copper deposited into the opening so that it : 61 <) 7B AR |

may have a level difference whose surface is lower than the surface of the insulator laver
while removing sedimentary layers of a barrier material and copper sedimentary layers
which depended on polish and were deposited on the insulator layer.

A process of depositing sedimentary layers of a barrier material on a substrate containing
copper in the opening.

A process of forming a barrier layer in a top surface of copper in the opening by a self aryne
by carrying out flattening polish of the sedimentary lavers of the barrier material.

NN

N NN Y
NN

[Claim 3]1While removing sedimentary layers of copper deposited on an insulator layer by
carrying out buffing using an agueous solution and abrasive soap of a potassium iodide o
potassium chloride, Claim 1 removing copper deposited into an opening so that it may have
a level difference whose surface is lower than the surface of the insulator laver, or a
manufacturing method of the integrated circuit according to claim 2.

[Claim 4]A manufacturing method of an integrated circuit device of any 1 description of :
Claim 3 to Claim 1 with which an opening formed in an insulator layer is a grooved opening, ki \‘

~~
NN,

(
2)
L

and is characterized by forming a wiring layer with copper deposited into the grooved
opening.

[Claim 5]A manufacturing method of an integrated circuit device of any 1 description of 3

Claim 3 to Claim 1 which an opening formed in an insulator layer is a contact hole which 1 Bk

reaches a substrate, and is characterized by forming contact to the circuit board with copper i

deposited all over the contact hole. 3 drawing 1
[Claim 6]A manufacturing method of an integrated circuit device of any 1 description of :
Claim 5 o Claim 1, wherein material of a barrier layer is TiN.

[Claim 7]A manufacturing method of an integrated circuit device of any 1 description of
Claim 4 to Claim 1, wherein material of a barrier layer is an insulating material which does
not contain oxygen.

)

Previous Document 1/1  Next Document

Previous Document 1/1  Next Document

; Cuesvionnaire

[Translation done.]
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DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application]The present invention relates to the manufacturing method of an
integrated circuit device with the wiring layer or contact which used copper. In recent years,
high integration of the integrated circuit device using an Al wiring layer follows on
proceeding, and increase of the contact resistance by the reduction of a contact area and
increase of resistance by micronization of wiring size, and electromigration resistance
degradation have been a problem. For this reason, electromigration resistance is high and
the technology which forms fine wiring and minute contact using the material of low
resistance is needed. Copper attracts attention as such a metallic material for wiring.

[0002] ATRERIC £ - CELE S SR EREEE O MIKHIAN

[Description of the Prior Art]Conventionally, as a method of forming a wiring layer with
copper, after depositing a copper thin film on an entire substrate with a sputtering method
or a vapor deposition method, the method of using a chemical reaction and molding into
desired wiring formation by RIE was tried.

[0003] :
[Problem to be solved by the invention]However, in the usual method, there was a defect 51 iﬁwmﬁ
whose form after patterning of wiring an etch rate is slow since the steam pressure of i .

copper halide occurred by an etching step is very low, and is not clear. ] 61 %) 7E ARAR V- |

[0004]It had become an obstacle, when the coating membrane for preventing copper
oxidation was formed after forming a copper wiring layer, unevenness of a wiring layer
enlarged and the surface was flattened by forming coating membrane. An object of the
present invention is to provide a means to realize a copper wiring layer or flattening of
contact including a barrier layer, without evaporating a copper compound by etching, in
order to correspond to the above-mentioned problem.

[0005]

[Means for Solving the Problem]In a manufacturing method (1) of an integrated circuit
device which depends on the present invention,

While a process of forming an opening in an insulator layer formed on a substrate, a process
of depositing copper sedimentary layers on the substrate containing the opening, and polish

remove sedimentary layers of copper deposited on the insulator layer, A process of carrying
out polish removal of the copper deposited into the opening so that it may have a level :
difference whose surface is lower than the surface of the insulator layer, or [ that a process i
of forming a barrier layer in a top surface of copper in the opening by a self aryne is =< \ \i

AN
Y

NN

N,
AN

included, and it is characterized by things by carrying out flattening polish of a process of
depositing sedimentary lavers of a barrier material on a substrate containing copper in the
opening, and the sedimentary lavers of the barrier material ] -- or [0006](2) i 7 /
A process of forming an opening in an insulator layer formed on a circuit board, and a : 1 iR 2 R
process of depositing sedimentary layers of a barrier material on the circuit board containing i
the opening, While removing sedimentary layers of a process of depositing copper 3 drawing 1
sedimentary layers on sedimentary layers of the barrier material, and a barrier material :
which depended on polish and was deposited on the insulator layer, and copper sedimentary
layers, A process of carrying out polish removal of the copper deposited into the opening so
that it may have a level difference whose surface is lower than the surface of the insulator
layer, or [ that a process of forming a barrier laver in a top surface of copper in the opening
by a self aryne is included, and it is characterized by things by carrying out flattening polish
of a process of depositing sedimentary lavers of a barrier material on a substrate containing
copper in the opening, and the sedimentary layers of the barrier material ] -- or [0007](3)
While removing sedimentary lavers of copper deposited on an insulator laver in the above
(1) or (2) by carrying out buffing using an agueous solution and abrasive soap of a

tassium iodide or potassium chlorid r [ that it is characterized by removing ¢
deposited into an opening so that it may have a level difference whose surface is lower than
the surface of the insulator laver ] -- or[0008](4) or [ that it is characterized by forming a
wiring layer with copper which an opening formed in an insulator layer is a grooved opening
and deposited into the arooved opening in any 1 of the (3) to the above (1) ] -- or (5)
or [ that an opening formed in an insulator layer in any 1 of the (3) to the above (1) is a
contact hole which reaches a substrate, and it is characterized by forming contact to the
circuit board with copper deposited all over the contact hole ] -- or[0009](6) In any 1 of the
(5) to the above (1), it is an insulating material which is characterized by material of a
barrier laver being TiN or in which material of a barrier laver does not contain oxygen in any
1 of the (4) to (7) above (1). [0010]
[Function]Fig.1 is a composition explanatory view of the integrated circuit device
manufactured by the present invention. As for a substrate, an insulator layer and the
opening of a groove [ 2/ 3 ], and 4 4, in this figure, a copper wiring layer and 6 ; of a
barrier layer and 5 ; are barrier layers 1.
[0011]In this composition explanatory view, the summary of the manufacturing method of
the integrated circuit device which has the characteristics in the formation method of a
wiring layer is described.
[0012]The grooved opening 3 is formed in the insulator layers 2, such as SiO, formed on the
substrate 1, with photolithography technology, Barrier materials, such as TiN, are deposited
by a sputtering method etc. all over the insulator layer 2 including the inside of this grooved
opening 3, barrier material sedimentary layers are formed, copper is deposited with a CvD
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method etc. on these barrier material sedimentary layers, and the sedimentary layers of the
copper which embeds the grooved opening 3 completely are formed.

[0013]Carry out buffing of the sedimentary layers of this copper using a potassium iodide
(KI)+ iodine (I,) aqueous solution (5%) and abrasive soap, and it removes the copper
sedimentary layers and barrier material sedimentary layers which are formed in insulator
layer 2 top surface, By barrier layer 4 ,, the three way type of a bottom surface and a side
surface is surrounded, and wiring layer 5 ; of copper lower than the top surface of the
insulator layer 2 is formed.

[0014]JAnd form barrier material sedimentary layers again all over the insulator layer 2
including the wiring layer 5, top of copper lower than the top surface of the insulator layer
2, perform a flattening polish, and it leaves barrier layer 6 ; only to the top surface of copper
wiring layer 5 ;, The four quarters are surrounded by barrier layer 4 ; and barrier layer 6 ,,
and copper wiring layer 5 ; which has a top surface of the insulator layer 2 and a top surface
which corresponds is formed.

[0015]Since according to the present invention a copper wiring layer can be formed and the
surroundings of a copper wiring layer can be further covered by a barrier layer, without
using the process of etching a copper layer and leaving a wiring layer like before, Copper
oxidation and diffusion are prevented and the flattening wiring layer of low resistance strong
against electromigration can be formed.

[0016]

[Working example]Hereinafter, the Example of the manufacturing method of the integrated
circuit device of the present invention is described.

(The 1st Example) Fig.2 and Fig.3 are the work flow illustrative drawings of the
manufacturing method of the integrated circuit device of the 1st Example, and (A) - (E)
shows each process. in this figure -- 1 -- barrier material sedimentary layers and 4, are

[ barrier material sedimentary layers and 6 ; of copper sedimentary layers and 5 ; ] barrier
layers a copper wiring layer and 6 a barrier layer and 5 a substrate, an insulator layer and
the opening of a groove [ 2/ 3 ], and 4.

[0017]By this work flow illustrative drawing, the manufacturing method of the integrated
circuit device which has the characteristics in the formation method of a wiring layer is
described.

[0018]1st process (refer to Fig.2 (A))

The grooved opening 3 for forming a copper wiring layer in the insulator layers 2, such as
Si0, formed on the substrate 1, is formed with photolithography technology. This substrate
1 may be an insulating substrate for supporting the semiconductor substrate of an
integrated circuit device, and a wiring layer, a layer insulation body film of a multilayer
interconnection layer, etc.

[0019]2nd process (refer to Fig.2 (B))

All over the insulator layer 2 including the inside of the grooved opening 3, TiN is deposited
by a sputtering method and the barrier material sedimentary layers 4 are formed. On these
barrier material sedimentary layers 4, copper is deposited with a CVD method, and the
sedimentary layers 5 of the copper which embeds the grooved opening 3 completely are
formed. As source gas of the sedimentary layers (CVD-Cu) 5 of copper by this CVD method,
Membranes are formed by the substrate temperature of 200 degrees C, and growing
pressure 1Torr using Cu(HFA) tmvs (Cu(1)-hexafluoroacetylacetonato-trimethylvinylsilyl).
[0020]3rd process (refer to Fig.2 (C))

Buffing of the sedimentary layers 5 of this copper is carried out using a potassium iodide
(KI)+ iodine (I,) aqueous solution (5%) and abrasive soap (trade name Balkalox 0.1CR),
The copper sedimentary layers 5 and the barrier material sedimentary layers 4 which
consists of TiN which are formed in insulator layer 2 top surface are removed, by barrier
layer 4 ,, the three way type of a bottom surface and a side surface is surrounded, and
wiring layer 5 ; of copper lower than the top surface of the insulator layer 2 is formed.
[0021]4th process (refer to Fig.3 (D))

TiN is again deposited by a sputtering method all over the insulator layer 2 including the
wiring layer 5 , top of copper lower than the top surface of the insulator layer 2, and the
barrier material sedimentary layers 6 are formed.

[0022]5th process (refer to Fig.3 (E))

Carry out the flattening polish of these barrier material sedimentary layers 6, and it leaves
barrier layer 6 ; only to the top surface of copper wiring layer 5 ;, Barrier layer 4 ; and
barrier layer 6 ; surround the four quarters completely, and it forms copper wiring layer 5 ;
which has a top surface of the insulator layer 2, and a plane which corresponds. On wiring
layer 5 ; of this flat insulator layer 2 and copper, other wiring layers can be formed
succeedingly.

[0023]In the above-mentioned Example, although the example using TiN as a barrier
material was described, When the insulating material which replaces with TiN and does not
contain oxygen, such as an SiN film, in the surroundings of copper wiring layer 5 , is formed,
The portion in which copper wiring layer 5 , carries out direct contact to an oxide film can be
lost, and copper wiring layer 5 ; can be prevented from oxidizing, and it can prevent copper
of copper wiring layer 5 , diffusing to the insulator layer 2 conversely, and degrading the
characteristic.

[0024](The 2nd Example) Fig.4 and Fig.5 are the work flow illustrative drawings of the
manufacturing method of the integrated circuit device of the 2nd Example, and (A) - (E)
shows each process. in this figure -- 11 -- a circuit board and 12 -- an insulator layer and 13
-- barrier material sedimentary layers and 14 ; are [ barrier material sedimentary layers and
16 ; of copper sedimentary layers and 15 ; ] barrier layers copper contact and 16 a barrier
layer and 15 a contact hole and 14.

[0025]By this work flow illustrative drawing, the manufacturing method of the integrated
circuit device which has the characteristics in the formation method of contact is described.
Since the formation process of contact of this Example is the same as the formation process
of the wiring layer of the 1st Example substantially, it omits a detailed description.
[0026]1st process (refer to Fig.4 (A))

The contact hole 13 for forming copper contact in the insulator layer 12 formed on the circuit
board 11 is formed with photolithography technology.

[002712nd process (refer to Fig.4 (B))

All over the insulator layer 12 including the inside of the contact hole 13, the barrier material
sedimentary layers 14 are formed by a sputtering method. On these barrier material
sedimentary layers 14, copper is deposited with a CVD method, and the sedimentary layers
15 of the copper which embeds the contact hole 13 completely are formed.

[0028]3rd process (refer to Fig.4 (C))

Carry out buffing of the sedimentary layers 15 of this copper using a potassium iodide (KI)+
iodine (I,) aqueous solution (5%) and abrasive soap, and it removes the copper sedimentary
layers 15 and the barrier material sedimentary layers 14 which are formed in the top surface
of the insulator layer 12, Barrier layer 14, surrounds the circumference and it forms contact
15, of copper lower than the top surface of the insulator layer 12.

[0029]4th process (refer to Fig.5 (D))

The barrier material sedimentary layers 16 are again formed all over the insulator layer 12
including the contact 15 ; top of copper lower than the top surface of the insulator layer 12.
[0030]5th process (refer to Fig.5 (E))

Carry out the flattening polish of these barrier material sedimentary layers 16, and it leaves
barrier layer 16 ; only to the top surface of copper contact 15 ;, The whole surface is
surrounded by barrier layer 14 ; and barrier layer 16 ;, and copper contact 15 ; which has a
top surface of the insulator layer 12 and a plane which corresponds is formed.

[0031]In this Example, the barrier metal or alloy which has conductivity, such as TiN, is
used as a barrier material, On contact 15 ; of the flat insulator layer 12 and copper, other
wiring layers can be formed succeedingly, and between other wiring layers can electrically
be connected with copper contact 15 ; via conductive barrier layer 16 ;.

[0032]In each of above-mentioned Examples, although the surroundings of copper wiring
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layer 5, or contact are covered by the barrier layer, When the material of an insulator layer
has a property equivalent to a barrier material, the object of this invention can be attained
by forming a barrier layer in the upper chisel of copper wiring layer 5 ; or contact.

[0033]

[Effect of the Invention]Since a copper wiring layer can be formed and all the surroundings
of a copper wiring layer are further covered in the layer of a barrier material, without using
the conventional process of etching a copper layer and leaving a wiring layer according to
the present invention as described above. The place which copper oxidation and diffusion are
prevented, can form the flattening wiring layer of low resistance strong against
electromigration, and contributes to high integration of an integrated circuit device is large.
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DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

A [FIG. 1] It is a composition explanatory view of the integrated circuit device manufactured
by the present invention.

A [FIG. 2] By the work flow illustrative drawing (1) of the manufacturing method of the
integrated circuit device of the 1st Example, (A) - (C) shows each process.

A [FIG. 3] By the work flow illustrative drawing (2) of the manufacturing method of the
integrated circuit device of the 1st Example, (D) and (E) show each process.

A [FIG. 4] By the work flow illustrative drawing (1) of the manufacturing method of the
integrated circuit device of the 2nd Example, (A) - (C) shows each process.

A [FIG. 5] By the work flow illustrative drawing (2) of the manufacturing method of the
integrated circuit device of the 2nd Example, (D) and (E) show each process.
[Explanations of letters or numerals]

1 Substrate

2 Insulator layer
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4 Barrier material sedimentary layers

4, barrier layer

5 Copper sedimentary layers

The wiring layer of 5 ; copper

6 Barrier material sedimentary layers

6 , barrier layer

11 Circuit board
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16 , barrier layer
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Frovided is g semiconducior device comprising a first interlayer insulating film formed
over a semiconductor substrate and having a wiring trench; 8 wiring portion which has
a first barrier metal layer formed over the side walis and bottom swface of sald wiring
tranch, a first conductor layer formed over said first barrier metal layer 80 as o embed
said wiring trench with said first conductor layer, and & capping barrier meatal film
formed over the suiface of said first conductor layer; a second interlayer insulating film
formed over said first interlayer insulating film and having a connecting hole; and a
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sormeacting portion which has a second
barrier metal laver formead over the side
walls and boitom swiace of said {
connecting hole, and a second conductor | ™
layer formead over sald second hamier
meatal layer s0 as {0 embed said
cormacting hole with said second
conducior fayer,; wherein at a joint
batween said connecting portion and said

wiring portion, at isast either one of said secoend barrier metal iayer oF said capping
harrigr metal film on the boltom surface of said connecting hole s removed. According
o the prasent invention, contact resistance batween the first-level interconnect and
plug can be reduced and slectromigration resistance can be improved.
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FIR LEEANTER, B AT EH LDD (BH L08R ) £ tis
K BAFedty n A EA MISFET Qn. BT A THMAEMLRRLAHRHY T
0 I, AR A F ik kR #14E p A E A MISFET Qp.
REH R k®EE n AHEA MISFET Qn RECRTH GO
ik, FTaREHELFMETR.
ol 1 Frw, £/ CVD(LF AR ) F kK n AEA MISFET Qn
IR RBAAAER 20 ALKEZE, RAZNMEIE (CMP) F kst &
15 ALEEBE 20 9 R @B TIAE, AEEF LD,
AR 20 ERRAFARMNB (AT, ATFRASY “FpsH
JR7), A bk B A AR, T ERACEEE 20 HATH AR, AREn #H)
i % MISFET Qn #9429 L7 AR AL C1.
A CVD RS F ik, AEMILCL P RMEE 20 £, BRE
20 R|AL4 (TiN) B Pla kb2 B E, MR CVD FEH A4 (W)
JRP1b B, A CMP 7k /AMR Akl C1 s &4 TIiNJE Pla fw W
JE Plb, A ARAE P, 4 (Ti) BE TiNEMBETARAEMIEL
- Y-
Wl 2 P, FIARBERS CEESRAH, A CVD FEkAEAL
5 FEBR20fREPl LHARBIAAE 22 b AHBEE, X— R 222
AT 4R “TEOS B2 227, B 2 RAFRAAE, THTH1ATAE
L& R E . X Pl (P1b) &KX A RMEGEE i I 69 R4,
R4 TEOS J& 22a E Y BARA & F B %L 22b. 1580 TR
FHRREDHH, MIUARLE, B RKNCFREEBE. %H

20
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T8, A BAEEET AR A RN FTHLEBR., EREALT,
HA RO A RL R, AN AN EEE T Ed SI0CH X SiOH
AR, TURALECHEMRESWHARI P FIAILR S LEHH,

HPCEAT R HBRA L FHL G, RFESE L4 ERT LY
REHEM, WRAE EGRFESERA TTFEGRFELEAH R CMP &
R SR

YEARE, TAA CVD FEkFMRNLFHRELLEHE., =Fi&
PR TR HON MR A A R AT, BT, B2 &4 Sioc
A, AT AR A RN ERLE BN T IS d SI0F 44
BB, 22 d SiCAmRMNE. ARARLE FHAK IS HEHGHENE
AWK (K CHHMBL), £ LREX S0, (R4ba) BF I ALK

(R Z LK), BB ADALFRK., TR CVD FikkH VX b,

AR TR BRBEEG N0 FE(3. 7 RA T KT RALAERE( )
J= TEOS ) &4, HEATHRAENLE (QIEMER) X
MFERE, AAORFFFARBHGIHRE,

AR CVD Fik®l4Eag iR IRA- R F L% (Si0C. SiOF,
Si0C. &K Si0,4) % sLA# ) kK% TEOS & 22a,

BARA O F L% AL 220 b, #|4F TEOS B 22¢c. Al4a4A-F TEOS B
22a ¥ 7 % k14 TEOS B 22c.

FRAS B H LB SR 220 A%k £ TEOS J 22a b5 22c 2], vAMR4R$
EBEGPMEE, EMBREEB (22) 8 3 A&+, FEPA TROS B
22a 5 22¢c ABRARA R AL BE 220 F, HHhEA KA.

RE, wB 3 BT, BBTFALAFTEARES EAEEHRE
—E &G RIRFREEME 22 (22a, 22b. 22¢), T&l4EA &K A4 M1,
A KA ML 69 B A # e 0. 25um, FAEH 0. 18pum, KA € F %
B 220 5 TEOS B 222 X 19) &4 & 1 b4 A T L3R A 4%, A) TBOS jBE
22a AR JEARAR AL B, W LB B4R LA BT ST 48 0 093X — A 45 34 4% 1M1,

B 4 BT, BT A S kA QA LA IM AR
B 22 LHATIRAR, HRARRERA RAE (TaN) B (Ta) BEMHE

21
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FHHE Mla, STV A] CVD 75 ik RAE A AT F 69— 49 B T RAT F 3% k]
X — R4S E Mla., EXA S FHBRMT, ARFLEBENEEME T,
HAEB T RATRE R G QHERT 25 S T. XL - AR
AR LA THRRELZMRIFOE, M Mla BUE4ERAEAR KA
A AML A2 E B E YA Son, @mARKIKRYA 300,

PRI AR AR T Eif TaN#f= Ta 69 E BB, T AAEMEEGEG
#]-F @36 Ta. TaN. TaSiN. W. &A4% (WN). WSiN, Ti. TiN. &K TiSiN
AL LR, Ti. TiNf Ti 69 =EM; Ti f TIN X ERE; TiSiN
Fo Ta G ERE; Ta. TaN. Ta 6§ = BERE; AR Ta Ao TaN 8SUEE, T
URAETERETANREEIANAXINEERAFIGRER,

APk, EMEBE Ma EHBREpABRI LG FOE,
GRS E TS FEH R G GRARE ML 4 H wsE e B, A
— B THhHEBLHF, BHEE T, REAARMBE, AEHRFGHERTHF
BleGmET. EHARAEMb iz RE, o5t RZMM4IEERFSH K
% 300nm, HBAREERTE 25CHAT. ERBGTFRIHE, K
N4 DC X RF R Bt m B4R, K LER—XBENABEIE,
B A RGBEBANTIREG. BB TRGBE, & THEAINTREL
, BE2RREL EHRABRM BB, by, BEFHARLELT
AREN, BEFHES (BEE 22 fod &4 IML GRS ) #BA
Bk, CEBRHGPMENXRAERKAE M AL, AAmKET
A& A M1 B Fe R ARG E M B L. AIREKSES BHNRE S TR
Sk HVEBE .

At Fik, FAGESRARAGEREILBR, ERAKR M
T HE R Mlc, 4|45 4RE Mlc VAR L b 3 A 45 4 48 HM1.

EREART, AR 1 HEBX (RLEH). B S B, i/ CMP
RE Bk (etchback) Fik, FRA LKA ML 9 & & 4K Mlc F= M1b
VAB FLISAE Mla, A A S4B M1b f= Mlc A & FEIX/E Mla AR F
—EEEM., RE#—FEREARA T4 RBTEKR (HaE)

3ol 6 BT, BB T AR LIIARS (V) HadFht kXFREK,

22
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EF—EEEM EHWREEYHH 2-20nm 654408 CM1. BG83 TAT
P& TRE 1.5 24 RBAR4SBL CML: 0.3 Torr (0.3x1.33322x
10'Pa ), ARICEEZRZA 460C (EFAMRBEA 430T), ~EMNE
(WF¢) #AikH Sce, £ (H,) #AikH 500cc.

5 AR LA E, SUGEHRREKRES—ETZHEM £, XBK
HRES-EEA M P TEOS IR 22 . AheE R4 ke
T, s H AR GEE T, 2T REREAH KLY 300TC,
FR, TAAAAEMRERIBRERKEF@FEEELLR, 2K
1) BRBANSRAEEANAREREAG LZE, TRARAAMKXTF BRI ER

0 HATEMA; R 2) TEAE CMP X = & 4ka), /A4t 8 oy ko
RIBEFRE, AREABAGWG, FROEEEERURY (X&
vk EAGBRY RASANREG LG, U@ 4B CMP Z X FR),
(23X #F 7 kA H) 18 T B E Jetb. sbob, LR ] R B 6 Rt R CMP
B 64 0T RARAR, RFRAG R AYIGETRE., 5 —F &, KA

5 AENAERRBLEK, WHETRASEFEI MU, FREBREA
RIFHENBEFTLE. XTAY, BABEFLROFTECAHBRTE
HFrA kRBHREK;, RRETREBEKRRA CVD Fik, M AGEERA Wi
FERT ARG EF O,

RE—EL&EM rHBEFLE—H, T 2HVARNELEE,

20 X WN. WSiN. TiN. TiSiN. Ta. TaN & TaSiN ( fl#1béa) L ERE,
F %9 Co. CoWP (4k44%8%). CoWB (&48) AN LR E, RGBT
ERBAFHATEAEORIAGEE (REER=ZER), HTUAAKEE
B, 4864wl 5-20u Q, % TiN&G@ LA 80-150p Q. Ta X TaN &
Wild FH T4, B, wZRKRARACHE, AAKHIEES LRSS

3 REFHMEM, R EGE, MHHEMEA1.7-2.21 Q.

TAER —AREPY (R4) #ATRELE Ml ZATHERAAR
ORE CML 6914, YERATPEARBREFABRKEE_FMFITHET
AT e A ik K o AN T TR BARE, TAB AR (AR
Mic) ¥ AEMKET, AmKE4EGRBEHLERTE.

23
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FE7 AL CM1 8T, CMP X B4t R R & E4R™ 3% 5 T80 T A
H AR (HF) LAY FRBRATHARDIBAR. IFFTERETH
Mgk, sk, AR ARBRBATHRRRL AT, FRAEATAHR
TERR, REFAAHREGREEGLEBEG LG LA B AR R G
HRWELERTONFALEFTIT. 4R 1 AW RSB CM1 Z 37, A4
%= 3000Pa (4ld= 150-10000Pa) &9& ) FHEE TR&Y 500cn’/nin

(scem) (#]4= 50-3000scem) & & (H,) &A T 3 947, NTLF3)48
T ERFHRGBR. B TFHRALFRAAN AL EZRELT LR
L BARAR, ST A LA it e i, BB LA nBHATE
R EEZ R GRS, B ENEELE (FAB) LOEBYEE
MM, A TFRGEABDELT BN ERAEAE FH/ER, HX—K
W ERETA TR RETELLBE P GEANTE, FREFFHK
BT REH,

L 46 F8 R VT 8 % 4 K AR TEOS BE 22 BB, TAAIA LEBF L
TROHNERERARLERE LM, S F R GEREA RA, R
ZRBBBANARADRENLGBREAOIA RS TR AARD LY
48T, FAMRGEZEW CMP KA RAENEFR, LEBFRE
BB L R Ba4008, F I TOES i 22¢ 69 a s/, BB IEEA
BiEZ A b4,

RE, 4B 7H 7w, MACVDFik, F& TEOS B 22c 45/ CM1 L48
4% 5% #2 TEOS B 24a. SiOC J& 24b. vAZ TEOS J2 24c 4Eh 4B, X
Bty & @ b ELA xR T4 CM1 8 - bk, A A st B 2 (24 )iy TEOS
JE 242 F2 SiOC % 240, F—E AR M HRETFHF_ELEM, Ak
B RAEEARIL C2, ARBALBE —EZA M pF _E£5E M &
HE (HBHRSH) P2, TAELA TMS . SiCHE. AN B FHIKTF
SiNJE ( RALAERR ) PR 44 B 69 SiCN B R 4K % TEOS % 24a #= 24c.
ST e B T 5 F ik Rk AR FRL%E. #A CVD F ik, A
ZFRAFA—F R (N0) S HAR TMS B, B &d SioNa
A (EZd SiON AR K BEM ARG “TMS BE”)., FA=ZFRABRESH A

24
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SiCHL, MM = FAARABRLSH R SICN R, 5 —F&N & F B
T AR A% TEOS i 24a &K 24c, SiOF BT A4 A kA% SioC &
24b,

R, B 8 B, £ TEOS B 24 L, AMERNERAFFEF%
A WAt £ 6 R B R AR R F S % 260 A= TEOS B 26¢ 45
AU, AR T A kM RARA 0 F BB E 22b Ao TEOS BE 22¢ &9
FkRM R EE (260, 26c). b FARBWBEHMAERANLFTRLEL
BE, BB R PATRATEGRFREMN, sbob, MACFHRELE 26b 4
% 7 TEOS B 26c 5 24c X 1), St ahBRIFX e meg B 2R (26)
MIRE, A% E (26) o Lk TEOS B 24c b, HASEHE =
BB & MBI A KA ML,

B 9 FFT, AR MK MUZARE TROS B 26c b, MZ vl A%
FoTEBBFENS —ELATH AR FRERAE MK, RABEZ LT
A M AR AR MK,

wB 10 Fisw, ERBEMK EHRIUEMNB RL, RE, ALRF
%, WE—EE& B —EEANERRFRIANERL

FsbisHE Rl AHRE , SleRA FERBBRF X, FREB%EE
26 (26b A= 26c) L% JE 24 F &) TEOS B 24c F= SiOC £ 24b, A A&
AL CL. TEOS BE 24a TREGAF —EEEM b, vAERILE W ALK
J& B AT 6 A R R IR A 4G B Ak it o h B MR E ARG Rk, S
IR AT B iR A, {ad T4 MIC 404k 4 48 &5 LR 6445 CM1
BE2, ¥ X— R B TEOSR M4 YGAES —ELAEM L,

el 11 Fiw, AFRARFNE R X6, £8) T4 @i MK
Y h AL, BTk Bk ik A IR % R 26 (26b F= 26¢ ) = TEOS BE 24c,
R A KA M2, e, KRG AEEAIL C2 R o) TEOS BE 24a 43

shA & A A M2 R B %94 0. 25um, WEE % H 0. 18un, AL
C2 B AKAW IM2 RIMGFEELH 0.35un. HEAZEH 0. 18um,

s, EHEEBIL CQ ZIEHRALAME M2, 5B, £7T

25
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AR AA KA M2 ZEHVERBIL C2, RERFAKABEREL
A, AEEPRERLAS.

B 12 B, Hlefl THRBAGE, FRMAERIL C2 REREE
4B CML, AERFEHBE Mlc, RAKARIGIRE, 2T AE3 T
KR AR A & B AR R ARAT K W ik 4 30 B AT 204 4 IM2 &g I 4B A A A &
FHERALIE CM1 49 F 3 8 4k,

87 T 4698 F) A AR ARIL C2 Fofi KA A M2 69 F Bk F R AE A
L C2 RIFTRZaG4GIE CM1, SALSB L H M F IR @ 5 A R4
K FH— AR, REFBRARE MK,

RE, BRIASHNATHAERFTRMAEBILRREAZTNAB
Mic LégAfedh: ELEAARMNAATALE, $HARABREETLA.
R AAARRI—5 Ar ZEGHA ARG RS T QEM—FH A
AP EANGFE TR, ARA Ar Z £ GHH LA R A @ 3T 84
Bk, RE, Wl 13 B, BlmAREKIESBRH FE, AOERE
)4 HM2 A3 AR 3L C2 A 3R69 TROS 2 26 Lix sl ik K BB H Ribse

(TaN) JEEfeda (Ta) RR&GFAILAE PM2a, TULA CVD Fik, HAERE

M1b &g %] 4EFBR b BAR$GE T 69 & T RS F %, R HI4E IS PM2a,
o FFiiE, BFAURMEBRTHIRGLED T aMH. EABENE
B, BERBPEHRRAN EREBILRINEEEXNGRE THREBHNE &
B, A MHGSEEBREN AL LME L, AR ihed B EMn a4
REHERRE.

BAL, AR A AL IM2 ) BE E A SR PM2a 9 B EARA P A X 4 Som,
AL AT & A A IM2 RS Eh K %9 30n0m, AEAIL C2 WA h X% 3nm,
AR C2 R LA K2 20nm, 45 8h T 4 A 4448 IM2 KRR L&
FRLI%AE PM2a $9 B B K THAIL C2 KSR Ly BB, Br oL PM2a A4
JE AEREIL C2 R IAM B 1R A, FLISAE PM2a LB B EF KA
HM2 #9/R3R L, M, BB TEARLEARBELEFRERAFGHESGR
W (FEM) 69T SIVEFLISBE PM2a, & 7T EEF AL A& A48 M2 &
AR EE L KA C2 A oG FRSME PM2a it B30 R .

26
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3B 14 B, MIEARIL C2 K IFHFFRFLILEE PM2a, M XA A
B PM2a o S HW694AME Mlc LB RARBE PM2b., TA#lde A LR 69 & T 4L
WA ik R HEAT ISR PM2a 84 75 R Ao 4R IR PM2b 4971 ..

L ¥ 5AT R R M IEBBERE A XY 300nn &AL RGRE GRS
25C X EIKET, #EB) T AR M Eat4t R K 4§ DC R RF 1R, 4k
3L C2 j 3% Lo FRIL AR PM2a BORH B4k, MBI R AR T HESHRE TH
& (Ar) EAZAEAT. Hb, X2 BFEARKEEAASITE, &K
P @G (XA M2 8GR Fde Akl C2 4R ) BEHE 4k,
Jo B AT, A4k A) AR UMD JR3F k&9 3% B PM2a AR HI4E AR Pb 3R AR 3L C2 K
HEGEE, B LAREMILC2 RS LGP IEBEE PM2a B, A THE
A R A A HM2 JR 3R L9 T L35 PM2a,

fE B FiE % ik 32 B AR A AE, M AS RS 69 PSR PM2a E 47 5%
FEHR KA ML RBRIL C2 $ME RS L, 4845 K &K sk ) B &,
EREFMGENELE, BB THOLEERL A IM2 XEBIL C2 HREY
IR (A%) LRAFREGMBE P2 EHER, TATHITFH
KA IM2 R AEARIL C2 A Loy FLIL M PM2a &9 B K.

el 15 Fiw, 1580 Tl -MRESAF LG E, EAKAE M2
Fedd 3L C2 TR ARG 494A L PM2b 45 5 4B 69 4T S BE . LB, Jm AT IR,
o) TAEA R LRR—RZBEHABZE FRERZ 2 4T 58 KE,
A T 62 A 25 74 48 M2 R AE Ak L C2 M) B Fo k3 _L 6g 47 B PM2b 84 & My
BE.

SR, EARKAHM ML 4908 Fo R 3L B AERRIL C2 M A E, 1@
iSRS PM2a 7 R 4RME PM2b, MM C2 AFEZHNEE Mlc
L, 4R PM2b A H R A, HE RIEAFLISB PM2a, FHIHAE PM2a &
AR A M2 B Fe R LA FEL A Son, EBARIL C2 RME LYA
3nm, #W4REE PM2b 9B 4% 10nm,

FEANLEEFPHTAERAIL C2 RIRFARILIBBEE PM2a AR A&,
A %A A M2 Fodh AR IL C2 M3Ra94RAE PM2b, RIAE4B F5oE FL3%AE PM2a
HEARIRBARER A L, ARESKRERLISE PM2a f48B PM2b

27
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WEE. B RERTZREAEGELT, SRR C2 RFEFR
FHISAE PM2a B, A THAELCHEE (ALAMH IM2 ARRIBAEIL C2
M| BE L ) % Ak 4R & PM2b,

TRAEN LHET PHATREMRIL C2 RFFRILELE PM2a A K
7% A 45,7448 HM2 Fnd AR 3L C2 A Fe94R K PM2b, #ldw, EAZAFH
JE Ak F R AIEARIL C2 KSR AR FLESBE PM2a 6, T vA ) B4 7 i % AR,
A7 KA A IM2 Fod2 B30 C2 M BRA4RBE PM2b. AL T, TRAASA
BB REAAPTHITREHEREFS THLHE, XAFLE KK (HF)
Z £ F R EATEL, ARARBEGFEA R E AR PM2a
FodAJE Mlc 2@ k&) B RNk R .

RE, FRABEFE, HAOMBIRGERED BER, £FE PM2D
B R ARBE PM2c. sh4R R PM2c A ) 4E Al vA 332 A 48 4 A HM2 Fedd AR 3L
C2,

ERAEALAT A 1 #47E8K (BRLEE) 26, A CMP REH
b ik A 4 A48 HM2 Ao ARIL C2 51 a9 4R PM2c # PM2b vA R MR
B PM2a, M fa dm B 16 BT 7 7% A& o 49 /& PM2b e PM2c 1A & FEL 4% 5t PM2a
URHBE —EEEAMAARREBF —EZ AN EF —Erik0iAX

(ZHEH) P2 &k, F_EEE M BEREEEAHAKANE IM2 +
& 4R JE PM2b = PM2c 1A PR %8 PM2a, fodd K P2 E ok & M A & 74 48 HM2
AP IEF AL C2 F 6947 BL PM2b F» PM2c vA A FE 3B PM2a.

EREARAF, AR 1 BAE—FEX (RLE).

o EATiE, REXRFERTARTE—EZEM HHE P2 X
694508 CM1 FofR 4502 PM2a, B —EEZ&E Ml Ao 545 MRBE P2 &
T ELBHMABER, AR TR, mE, KEAFEENRA
FHBES —EEAM 5HEPLIZHES, XRREGHTHRENE—
EE#AM 54ARPLZRAFEHLANERFZAEE, KM EGEHES.

Bk, FLESRE PM2a RAGME CML AR A R A 3L C2 8 R,
FPABREF—ELEM 5HE (£8F5) P2IRGELL. b
F S0 PM2a Ao40 /B CM1 — F HUARARIL C2 AHFER, W FE—E 54

28
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ML EHAMAARE P2 I ELENRABEM. AHZBLESAZN
RAEEREG, REBHm LAERE G HF 48R0 %.

W T 4408 CM1 FoFBASME PM2a AR — /K (X BB R AESLE LE
FARR), BAAFABRGENRGHRABLEEE L. LM LEKY
FESGB MG FE TIAREM FHR, IHKETHREAD LegRH
M, £R, BHFHERAYGFAF LB RELTHSM Y.

R RAGBE CM1 Ao FR5 AR PM2a AR AFA £ T4B CM1 5% PM2a
Z M, e f—E A& M 54K P2 628454 BE (M1 R FLI%EE PM2a
BE. IHEMBEFATER: DB LEHRAFEETHSLENLE (A
FARGEALTAR) FRIALLEE, A 2) LS LEG TR
B L3 b B A AL,

WTFREA-MEBERG L AR- SRR GLEERESY
B, MILX A E e R AR EAHFERE, RABBAN
BESOLEERATRAELESES.

o, BT H R ABRZ A BRI HAKBESRLE, &
RBBRDAETENEEZ GGG BORRALETHR, &R, 85K
ERTLhEANERRE, AORSEAF T REFG TR TH. £
ARG A B EHSH Y 6-8, % TEOSEH AL EHKH 4,

F—EEHEM 54K P M4 CM1 RIS PM2a B £, #%
Bk B A A RN LE B, Pleh FAREN MG RE T ER
XA, Rit, EREXRFEY, - FRA T HEEKNGEA LT
BBGE, UHF—EEAEN 5RE P2 AR EIF Y.

T EEAAERETLE, MESRENRAFYEHLALETH
FRRE LM, FRAATERRTSASLENKE., MBEAT L
BGERFE A B . MERBGTIRN. Flie, A CMP REEBN 3B A
AR, PAERRAEEERASL L8 E 344,

EXFGBARABRFRERAREEMBRZEGREGLITIRLTR,
MEZRBEER, XIFERAACEBHRLE, AABRLEHSMY,
FELEXIFHER LGB ERTHE RSN KSR G,

29
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F—FE, RAGEEABESLE, RS54 TELFREEL
BaEETM, M\aKELEIH8). FHYFFEBHEGTERE. 2
B JE R 6 R

RE, B 17 5, BB TAELZ —EZL&E M LaHFMBEKK
BhAEXYE (W) RESL-_EE% M2 (PM2c) EHARBES S 2-20mm
B4LIE CM2, Hlde B FRI AT Y 1.5 24P & 8 R B AR X — 45 CM2:
0.3 Torr (0.3x1.33322x10'Pa), ARFEREBEN 460C (KR4t
JREJEH 430°C ), >~ B4y (WF,) Ak A Ssce, £ (H,) ik A 500scc.

LR —EEE M2 IR AEMA KRS TEOS
B 26c EwgA KARthmsE R —EE A M2 LGB AE K. EHRAT R
By A K FGHEALT, ERAEE A &R ATHAT, EEET
ARKIZ R A K% 300C.

TALT AR 4546 A 18 B S0, & EL-T2A KA WN. WSiN. CoWP,
CoWB. TiN. TiSiN. Ta. TaN X TaSiN W E BB REB T E R LR P
AT ARESARFIGEBER (RER. ZERF)MEAIBES
W,

o LR, TUAE—ARLEY (BR4) #FREEB (M2 B
BT AR K A B 4GB CM2 6975 A,

B ARAGE CM2 23, #ldefbsy TRAE RS AR (HF) 264
R HATH 2, RAE 3000 Pa R AT, EAEA 500cm’/min (scem)
G5 (H,) ARTFAHE 354, TFER MP X B4 EERB LH4ELF.

TAF A LAMFAF RGN BB LR FTRCEEKE TS K
26c La945BE. AR RBEZE, B3 TAHRER@E CMP, & TlFER
TEOS & 26c 6§48, vAiX A7 XiF M TEOS & 26c Leg-FRBf, #
BBk B A Bk ) 4 4E 5.

4B 18 B, A CVD Fik, 4 TEOS JE 26c #4858 CM2 EAR4 T
A2 TEOS A 28a. SiOC B 28b. A& % —/ TEOS fE 28c. Xk fEayHl4E
F AR T A k)4 TEOS BE 24a Fo 240 A& SiOC & 24b 895 k. £
TEOS B 28c Lk, AABHRRAFHFHRRASWHPHIEAN O FRBHB

30
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300 F= TROS B (R ih ) AEh B4 B . b i 6 4 & ik AR T A k4
M A A o, % B 5% 8 220 F= TEOS & 22¢ ) 7 ik

£33 5 BogE T, DART A T A KA IM2 AL C2
B EREREARMPERIL., RSHETRATE.

AXAF R ELNMRLEBE. FLEAH. FAEIL. BER. AR,
ARG, AaBAEA S 2L EGFFHREN.

B 1942078 T 5 EL&E (MI-M5) #—A41-F. B 21-23 25
19 #2 20 ¥ GABHGHRTFEE, L+E 19T A-LHE,
B 20 HETFB-BHEG, B2 AFEH, FERTFTHETE-ELR
M EEEEEAM MRR. ATRTAER, B2 FHTH—EEZR
M EB=ZEEAMIMER, mEA B FETH=ELEMEFAEE
M5 8B,

ol 19-23 Ff 7, TAABMTFATE —_EZEM ALETHTH
WREINFTERABAREEZEM ALATATH K EPS,

Bk, AL%E (28 # 30) P HAAKXAE (IM3) Pk
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HEKRIBHRERESABESF LR, ABAF—EZi& M EHRY
2-20nm 844508 CM1. A% REE CM1 237, TUAHAFFHARALE, X
F, TRAEHAREE (M1 ZE5#47#F%.

Fide HA0AEE . SION . TMS BE. SiC 8. SiOC . SiOCN .
A SICN B XAy FHILL4IE 501 Fo45E CM1 E, A CVD FiEAR% e
TEOS JE 24a. SiOC B 24b. A& H — /AN TEOS J& 24c A BKRIE. R,
A TEOS BE 24c b, AFFARAWAHHI RN CFHLELE 260 4
AR, HMZARAAT AR R RACEEBE, SiON &, TMS j2.
SiCHE. SiOCHE. SiOCN . % SiCN B X &gTaILLE R 501 645 5%,
WA ik B AL EEE . SiON JBE, TMS BE. SiC . SiOC JBE. SiOCN . &
SiCN Bz ey FRiS 4% L 502, X3 24a. 24b. 24c. 26b &4 M/fi A=
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AEIX 5 ABE (24a. 24b. 24c. 26b. 502) ¥ &9 TEOS & 24a F= Si0C
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42

Page 314 of 616



02149594. 7 P B P #33/43:

10

15

20

25

s 2 4B F S10C JBE 24b vA & TEOS it 24a #= 24c #4 A&.. £ TEOS i 28¢
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BB EE 502,
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JB&. SIOCN . AR SiCN X X &GFLIHL%LBE 501 F= 502 BAERF
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B 28T, AATRGLEGEEAFERERKE S —ELEN
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FU C2 Z 1) 3k 3 A BLE B A S #AR 2 A, BP AR 4 XA 69 Raf o,
R AEHEARIL C2 R 3F LG FIE L% IR 501 AR By b MMM A K P2
AR ZBEMILC2 ANOLLE 220 F K.

o LA, BPAR B A, e AL C2 RERFTAYT
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M,
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#7484 48 M2 Ao B A 3L C2 S & 4948 E PM2c F= PM2b vA A PR3 PM2a,
M T i & @1 4R R PM2b. PM2c. vA R FE %% PM2a A 69 8 — & B 1% M2
AERARGEESE —BEIZAM AF LA AGALE (Z83y) P2,

o FHFE 1 P, EFE - ETE M2 LHATH (V) 898
A KIBREK, ARHRESE CM2.

R, B 29 Fr&, £ TEOS J& 26c Fo44 8 CM2 L, R A% 4= TROS
JEE 28a &9 S4B .

EHAF—ELEM PRE (X5 P2 H4EERSNEREL
C2 WAL, FLISHE PM2a ABUAIEARIL C2 9 RIFR. X &AL
ZERFEL RBARVHETREKE, BARRE ZAERAILC2 HK
A R ARE CM1 f AR AR IL C2 R SR A PR P BE PM2a &9 H BR-T LA %%,

EhEAFTER, F—ELiE M 54K P ZHELE M &F
B, BB LRsaghn. hFFE—EEZEM 55 E P
A AP PM2a, #CiX —iK ) BORL T L AN AR — 2, (25T RAF R e &
WA T KRG EATE I FEGHRE. TUAALRGHRR, £
FEL 3% PM2a A, 2 & Rk iZ A48 X PM20.

BT HRTUEAFTEOLATARZILEFTEAERERKF
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BHERE 1-6 AXAFE L PHEASGTR, FHHE. A8 29 F, &
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B 24a. SiOC i 24b. VAR 5 —A TEOS Ji£ 24c AR LEE. KE, £
TEOS M 24c b, MBHARA FHFEARSWAF G L FHLLR
26b AR TEOS fi 26c A%, X 5 A (24a. 24b, 24c. 26b,
26c) IR RHB R EATE 1 FH@TE,

JEiX 5 AR (24a. 24b. 24c. 26b. 26c ) ¥4 Si0C fE 24b e
TEOS B 24a F, #I4EABILCL, AAMAZEE LI EM PF_E
T M2 09 E (E3EEHS) P2, FIETE TEOS B 24c #= 26c. VAZRKA
OB 260 F, HI4EAR LA HML,

o kG E 1 PAEE, ETEOSE 26c L HAF—_ELAHBAK
PREAEFQMEERE (BUTE I FFT) MZAEEREEEBAE
—EREEF L EAERYEAT QAN E (AARTH 10 A7
T8 ),

B e ARk ) AR b #6648, S5 TEOS 2 26¢ ¥ &9 TROS i 24c A= 24a
VAZ Si0C J& 24b. ARA L F AL 260, VARBLLIE 24, AEH
AL C2 (AaMTH 10 F4&4). AFBRIENEZE, ARBREN
AL, FHFR TBOS B 26c #o 24c ABRIKA- U F LM 260, AEH R
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AEXAFIT, BB PMa R 9T REZMIL C2 89&A
KL, mARBHITRH R, XR—FRELENE, CAFFAEMCc R
M1b 5 4R PM2b F= PM2c £ A7 AR PSR PM2a &3k )b A4 k.

EEHF—EELHEMN 5HE (£EKS5)P2 ZHEGEZNEMIL
C2 643 L, ARF LAY # A AT RY RES R,

5] o4 Bh F 4 L35 A 4R A AR HM2 FodEAkIL C2 AER49 TEOS & 26¢
£ A FHESRE PM2a, ) B 4% ) B, AREEARIL C2 KSR e LR
BERE, RBHYREXNFELE G,

ARE, TUATHNFERBARIFRELGBE. AOEHL
A M2 A= ARIL C2 A 3744 TEOS B 26c F iz ML PM2a B A &4
A& M2 R EE L &9 B 294 Snn, AWK A M M2 K3 L6 B E 4% 30nn,
BRI CLMEE LG BRESH S 3nn, REAAIL C2 R LGFEL % 20nm
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15 X 5 ANBE (24a. 24b, 24c. 26b. 26c ) ¥ &4 Si0C fE 24b F=
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P Fiik ) AL H A8, A TEOS BE 26c. KA R EFHRBYEBEE
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